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1 Executive Summary 

1.1 In t rod u ct ion  

1.1.1 Cottam  Solar Pro ject Lim ited  (the  Applican t) is  seeking a  Deve lopm ent Consent 
Orde r (DCO) for the  Cottam  Solar Pro ject, a  la rge -sca le  so la r photovolta ic (PV) and 
Energy Storage  System  deve lopm ent, connecting to  the  Nationa l Electricity 
Transm ission  System  (NETS) a t Nationa l Grid’s Cottam  400kV Substation  (The  
Schem e), as described in  Chapte r 2: In troduction . 

1.1.2 This Statem ent of Need for so lar genera tion  and  storage  bu ilds upon  the  2011 
Nationa l Policy Statem ents (NPSs) and  describes how and why The  Schem e 
addresses a ll re levant aspects of e stab lished and  em erging governm ent Policy, 
including the  draft Revised  Nationa l Policy Statem en ts EN-1 and EN-3 as published  
by Governm en t for consu lta tion , in  Septem ber 2021 [1, 2]. 

1.1.3 The  case  for need  is bu ilt upon the  con tribu tion  of The  Schem e to the  three  
im portan t na tiona l policy a im s of decarbon isa tion: 

• Net Ze ro  and  the  im portance  of deploying ze ro-carbon genera tion  asse ts at 
sca le ; 

• Security of supply (geograph ica lly and  technologica lly d ive rse  supplies); and 

• Affordability. 

1.2 Ove rvie w  o f t h is  St a t e m e n t  o f Ne e d  

1.2.1 Chapter 3 provides a  recap  of the  Policy fram ework e stab lished  by the  NPSs, and 
how they support the  need  for new low-carbon e lectricity genera tion  in frastructure  
to  m eet the  UK’s lega l decarbon isa tion  targe ts. A syn thesis of the  re levan t parts of 
the  draft Nationa l Policy Statem en ts EN-1 and EN-3 is a lso  included th is chapte r. 

1.2.2 Chapter 4 se ts ou t the  UK’s lega l requ irem ent to  decarbon ise  and  expla ins how tha t 
requ irem en t has deve loped an  increased  need  and urgency to  m eet the  UK’s 
obliga tions under the  Paris Agreem en t (2015). Th is chapte r sum m arise s the  la te st 
expert views on  the  u rgency for and  depth  of low-carbon  in frastructure  needed to 
de live r the  UK’s Net Ze ro  lega l obliga tions, including the  Nationa l In frastructure  
Strategy [3] and  the  Clim ate  Change  Com m ittee  (CCC) Sixth  Carbon Budget [4] and 
2022 Progress Report to  Parliam ent [115]. The  CCC conclude  that any new low-
carbon power genera tion  schem es de livered  th is decade  will m ake  e ssentia l 
con tributions to  fighting clim ate  change , and  m any m ore  schem es than  those  
curren tly under deve lopm ent will be  requ ired to m ee t Net Ze ro , hence  e stab lish ing 
the  need  for the  deve lopm en t of large-sca le  so la r schem es in  the  crucia l 2020s. 
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1.2.3 Chapter 5 describes how UK decarbon isation  has been  ach ieved  to  da te , th rough  a  
substantia l reduction  in  the  use  of coa l and the  deploym ent of m any  wind  and  so lar 
schem es and  expla ins why a  num ber of schem es as fore seen  in  previous carbon 
p lans (and  for wh ich  the  NPS were  la rge ly written ) have  h itherto  lagged beh ind  these  
in  te rm s of deploym ent. Chapter 5 a lso  provides an  overview of the  im portan t ro le  
green  investm ent is  be ing positioned  to  p lay in  globa l recovery fo llowing the  COVID-
19 pandem ic, and  the  UK is signa lling its  am bition  to  "lead  the  way". 

1.2.4 Chapter 6 confirm s that fu ture  e lectricity dem and will grow sign ificantly through  the  
decarbon isa tion-through-e lectrifica tion  of other industry sectors (the  sam e  reasons 
as those  sta ted  in  the  NPS), and  there fore  tha t sign ificant new low-carbon e lectricity 
schem es, and  particu la rly The  Schem e, are  requ ired  to  m eet that dem and and 
de live r ne t zero (see  Chapter 7). 

1.2.5 Chapter 8 expla ins the  con tribution  of so lar generation  and  storage  to  security of 
supply, both  from  an  ava ilab ility and  a  system  ope ration  perspective , and  concludes 
that The  Schem e, if approved, wou ld  contribute  to  an  adequate  and  dependable  
Great British  (GB) genera tion  m ix. 

1.2.6 Chapter 9 describes characte ristics of the  part of the  NETS to wh ich  The  Schem e  will 
connect and se ts ou t the  very strong reasons for connecting large -sca le  so la r 
gene ration  and/or storage  facilities a t the  proposed  location . 

1.2.7 Chapter 10 provides an  ana lysis of the  econom ic viability of la rge -sca le  so la r 
gene ration  as a  fu tu re  con tributor to  a  low-carbon  GB e lectricity supply system  in  
com parison  to  a lte rna te  technologie s; and  an  ana lysis of why The  Schem e  will be  
m ost bene ficia l to  the  ach ievem ent of governm ent’s a im s if it  is  consen ted  to  the 
sca le  proposed . 

1.2.8 Chapter 11 provides an  overview of the  ro le  of in tegration  technologies in  the  fu ture  
Ne t Zero ene rgy system , in  particu la r the  cross-vector natu re  of the  leading viable  
pa thways to  a  Ne t Ze ro  fu ture  wh ich  lead  to an  increasing requ irem ent for low-
carbon e lectricity genera tion  capacity and how greate r capacitie s of low-carbon 
gene ration  can  and will be  in tegra ted  in to  the  GB ene rgy system  by deploying 
in tegration  technologies such  as hydrogen  and Ene rgy Storage  System s. 

1.2.9 Chapter 12 concludes tha t sign ificant capacities of low-carbon so lar gene ration  is 
u rgently needed in  the  UK, and  tha t in tegration  technologie s will a lso  p lay an  
e ssentia l part in  de live ring Net Zero for the  UK. There fore , deve loping The  Schem e 
as proposed will be  an  e ssentia l near-te rm  step  in  m ee ting governm en t objectives 
of de livering susta inable  deve lopm ent to  enable  decarbon isation  and  by doing so , 
addressing the  clim ate  change  em ergency tha t a ffects everyone ’s lives and  the 
environm ent, by ensu ring our ene rgy supply is secure , low-carbon  and low-cost. 
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2 Introduction 

2.1 Sch e m e  De scr ip t ion  

2.1.1 Cottam  Solar Pro ject Lim ited  (The  “Applicant”) have  prepared  th is Sta tem en t of Need 
(the  “Statem ent”) as part of an  application  for a  Deve lopm en t Consen t Orde r (DCO) 
to construct, opera te , m ain ta in  and  decom m ission  the  Cottam  Solar Pro ject (the  
“Schem e”). 

2.1.2 The  Schem e  com prise s a  num ber of land  parce ls (the  ‘Site ’ or ‘Site s’) described  as 
Cottam  1, 2, 3a  and  3b  for the  so la r arrays, grid  connection  in frastructure  and  energy 
storage ; and  the  Cable  Rou te  Corridors. The  Site s are  located  approxim ate ly 6.5km  
sou th  east and  4km  north  east of Gainsborough. See  the  Site  Location  Plan  
[EN010133/APP/ C2.1] for the  site  loca tions. 

2.1.3 The  Schem e is described  in  fu ll in  Chapte r 4 of the  Environm en ta l Statem ent (ES), 
Schem e  Descrip tion  [EN010133/APP/C6.2.4] supporting the  applica tion .  

2.1.4 As each  of the  fou r Site s have  a  generating capacity that exceeds 50 m egawatts 
(MW), The  Schem e  is defined  under the  Plann ing Act 2008 as a  Nationa lly Sign ifican t 
In frastructu re  Pro ject (NSIP) and  will there fore  requ ire  a  DCO from  the  Secre ta ry of 
State . Th is Statem ent has been  prepared  by the  Applicant to  support the  DCO 
applica tion  and  shou ld be  read a longside  a ll o the r docum ents subm itted by the  
Applican t. 

2.1.5 The  Schem e  will have  an  export and  im port connection  to  the  Nationa l Electricity 
Transm ission  System  (NETS). The  Poin t of Connection  (PoC) will be  located a t the  
existing Cottam  400kV Nationa l Grid  substation  with in  the  site  of the  now-
decom m issioned  Cottam  Power Sta tion , curren tly owned by EDF. 

2.1.6 The  Schem e  is be ing deve loped by the  Applican t. The  Applicant is  part of Island 
Green  Power Lim ited  (IGP), who is a  leading in te rna tiona l deve loper of renewable 
ene rgy pro jects, e stab lished  in  2013. 

2.2 Ba ckgrou n d  

2.2.1 Solar gene ration  is not specifica lly re fe rred  to in  the  Nationa l Policy Sta tem ents 
(NPS) EN-1 [5] and  EN-3 [6], bu t th is sta tem ent has been  prepared  on  the  basis that 
the  curren t NPSs a re  im portan t and  re levan t to  the  de te rm ina tion  of th is applica tion  
(see  Section  3.1), pu rsuan t to  Section  105 of the  Plann ing Act 2008. The  gove rnm ent 
rem ains com m itted  to active ly conside ring other ways in  wh ich  to encourage  
industry to  acce le rate  progress towards a  low carbon  econom y [5, Para  1.7.9]. For 
exam ple , so la r was included in  the  2021/22 Con tracts for Diffe rence  (CfD) Allocation  
Round (AR4) to he lp "de live r a  d iverse  genera tion  m ix a t low cost" and to  rea lise  "the  
ra te  and  sca le  of new pro jects needed in  the  near-te rm  to  support decarbon isation  
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of the  power sector and  m eet the  Net Ze ro  com m itm en t" wh ile  provid ing o ther 
bene fits such  as d iversity of supply through  d iffe rent re source  requ irem ents and  a  
geograph ica l separation  from  other sign ifican t Renewable  Energy Sources (RES) [7, 
pp16, 20]. As an  indica tor of the  im portance  of so la r as a  technology class with in  the  
evolving GB e lectricity system , and  an  indica tor of the  com pe titive  cost of the  
technology, ove r 2.2GW of so la r capacity across 66 pro jects secured  Con tracts for 
Diffe rence  in  AR4, a t an  in itia l strike  price  of £45.99 (in  2012 price s). All CfDs 
com m ence  in  e ithe r 2023/24 or 2024/25. 

2.2.2 The  deve lopm ent tim esca le s, location , and  sca le  of The  Schem e, provides a  near-
te rm  decarbon isa tion  opportun ity as we ll as d ive rsifying supply, and  shou ld be  
a fforded  sign ifican t we igh t when  the  Secre ta ry of State  conside rs m atte rs wh ich  are  
im portan t and  re levant in  h is decision-m aking process. Th is Statem ent of Need for 
the  deve lopm ent of la rge -sca le  so la r genera tion , bu ilds upon  the  argum ents m ade  
in  the  NPS docum ents to  dem onstrate  why The  Schem e  is u rgently needed a t the  
sca le  proposed; why the  proposed  loca tion  is h igh ly su ited  for such  a  schem e; and 
how The  Schem e  a lso  addresses a ll re levan t aspects of e stab lished  and  em erging 
governm ent energy and  clim ate  change  policy and  com m itm en ts. 

2.2.3 The  case  for need  is bu ilt upon the  con tribu tion  of The  Schem e to the  three  
im portant na tiona l policy a im s of: 

• Decarbon isation  (Net Ze ro  and  the  im portance  of deve loping a t-sca le  zero-
carbon  genera tion  asse ts); 

• Security of supply (geograph ica lly and  technologica lly d ive rse  supplies); and 

• Affordability. 

2.2.4 This Statem en t of Need includes a  descrip tion  of how decarbon isa tion  has so  fa r 
been  ach ieved  in  GB, and  where  further decarbon isation  is requ ired  to  m ee t the  Net 
Zero lega l requ irem ents. The  need to  decarbon ise  fu rther unde rp ins the  need for 
a t-sca le , u rgent de livery of consentable  and  affordable  schem es wh ich  m ake  best 
u se  of GB’s natura l low-carbon ene rgy resources. The  nuances of the  fundam enta l 
a rgum ents m ade  in  the  2011 NPSs have  progressive ly sh ifted  ove r recen t years, and  
governm ent, industry and  in te rnationa l a ttention  in  the  a rea of decarbon isation  
con tinues to  grow, despite  the  sign ifican t tu rbu lence  caused  by the  2020 COVID-19 
pandem ic to  near-te rm  GB power m arke ts. Green  in frastructu re  is se t to  p lay both  
a  prom inen t and  e ssen tia l ro le  in  gove rnm en t’s COVID-19 pandem ic recove ry 
strategie s. UK-located low-carbon  e lectricity generation  in frastructure  a lso  provides 
a  bene fit to  the  secu rity of na tiona l e lectricity supplie s, wh ich  is e specia lly poignant 
fo llowing the  im pact of in te rnationa l fue l price  vola tility on  UK ene rgy price s during 
the  winte r of 2021/22. 
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2.2.5 This Sta tem en t of Need extends the  case  m ade  in  the  NPSs for low carbon 
gene ration  and  re flects em erging gove rnm ent policy tha t so lar is  a  key part of the 
governm ent’s stra tegy for low-cost decarbon isa tion  of the  energy sector. It ca lls on  
e stab lished  and  em erging prim ary ana lysis and  opin ion  by re spected  th ird  partie s, 
to  support The  Schem e’s case . Th is Schem e  is requ ired  to  ensure  that the  UK 
rem ains on  track through the  critica l 2020s to m ee t its lega lly b inding carbon 
em issions reduction  targe ts, wh ile  enhancing na tiona l security of supply, and  a t a  
cost wh ich , in  re la tion  to  other e lectricity genera tion  in frastructure  deve lopm ents, 
p rovides va lue  for m oney for GB end-use  consum ers. 

2.2.6 The  conclusion  reached is tha t a  sign ifican t capacity of low-carbon so la r gene ration  
is u rgently needed in  the  UK, and  tha t deve loping The  Schem e  as proposed  will be  
an  e ssentia l near-te rm  step  in  m eeting tha t u rgent need  and  the  governm ent 
objectives of de live ring susta inable  deve lopm ent to  enable  decarbon isa tion . By 
doing so , The  Schem e  will con tribute  to  addressing the  clim ate  change  em ergency 
that a ffects eve ryone’s live s and  the  environm en t, by ensu ring our energy supply is 
secure , low-carbon  and  low-cost. The  Schem e’s con tribution  to  addressing the  need 
for new renewable  energy shou ld  be  a fforded sign ificant we ight when the  Secre tary 
of State  considers m atte rs wh ich  a re  im portan t and  re levan t in  h is decision-m aking 
process. 
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3 The National Policy Statements 

3.1 Est a b lish in g t h e  b a s is  p rovid e d  b y t h e  e xis t in g NPSs  a n d  t h e ir  d ra ft  
Re vis ion s 

3.1.1 The  NPSs were  e stab lished  aga inst obliga tions m ade  as part of the  Clim ate  Change  
Act 2008 (CCA2008) – see  Section  4.2. The  ove rarch ing Nationa l Policy Sta tem ent for 
Energy (NPS) EN-1 [5] se ts out nationa l policy for ene rgy in frastructure  in  England 
and Wales. It has e ffect, in  com bination  with  NPS EN-3 (for renewable  energy 
in frastructure ) [6] and  NPS EN-5 (for e lectricity ne tworks) [8], on  recom m endations 
m ade  by the  appoin ted  Exam in ing Authority (ExA) to  the  SoS for BEIS on  applica tions 
for energy deve lopm ents tha t fa ll with in  the  scope  of the  NPSs [5, Para  1.1.1]. NPS 
EN-1, when  com bined  with  the  re levant technology-specific energy NPS, provide  the  
prim ary basis for decisions by the  SoS for deve lopm ents that fa ll with in  the  scope  of 
the  NPSs. Where  deve lopm ents do  not fa ll with in  the  scope  of those  NPSs (such  as 
for so lar), then  they will be  an  im portan t and  re levant consideration  pu rsuant to  
Section  105 of the  Plann ing Act 2008, as d iscussed be low. The  NPSs se t out a  case  
for the  need  and  urgency for new energy in frastructure  [5, Paras 3.3.1 & 3.3.15]. The  
u rgency of the  need  requ ire s actions to be  taken  in  the  near-te rm  in  orde r for tha t 
need  to be  m e t and  there fore  the  urgent need  for The  Schem e is dem onstra ted  by 
the  u rgent need  for new ene rgy in frastructu re  as se t out in  NPS EN-1. Further, the  
NPSs se t out a  case  for new energy in frastructure  to  be  consen ted  and  bu ilt with  the  
objective  of supporting the  governm en t’s policie s on  susta inable  deve lopm ent, by: 

• Mitiga ting and adapting to clim ate  change; and 

• Contributing to  a  secu re , d ive rse  and  a ffordable  ene rgy supply. [6, Para  1.3.1] 

3.1.2 The  NPS for renewable  energy in frastructure  cove rs those  technologie s wh ich , a t 
the  tim e  of publication  in  2011, were  techn ica lly viable  a t gene ration  capacitie s of 
over 50MW onshore  and  100MW offshore . Critica lly, so lar is  not included  with in  the  
scope  of the  cu rrent NPS as at that tim e it was not proven  a t sca le . However, 
governm ent is  active ly considering o the r ways in  wh ich  to  encourage  industry to 
acce le rate  progress towards a  low carbon econom y [6, Para 1.7.9] and  The  Schem e 
shou ld  be  considered  in  the  ligh t of that encouragem en t and  change  to  the  proven 
ability of so la r to  de liver and  con tribute  a t sca le . Th is docum ent therefore  extends 
the  ana lysis of needs as conta ined  in  the  NPS docum ents to  large -sca le  so lar 
technology. It para lle ls those  a rgum ents m ade  for NPS-re levant technology and 
extends them  to  dem onstrate , firstly, that la rge -sca le  so la r is  now techn ica lly and  
econom ica lly feasib le , and  secondly, tha t la rge -sca le  so la r can  and  will de liver 
bene fits for the  UK. These  bene fits m an ife st in  te rm s of the  technology’s 
con tribution  to  the  UK’s lega l decarbon isa tion  ta rge ts; im provem ent in  secu rity of 
overa ll e lectricity supply; and  im provem en t in  the  a ffordability of e lectricity for 
consum ers. 



 Sta tem en t of Need 
January 2023 

 
 

 
12 | P a g e  

 

3.1.3 The  argum en ts m ade  in  2011 have  sh ifted  as a  re su lt of a  growing u rgency (in form ed 
by deve loping scien tific opin ion  and  evidence ) to  reduce  carbon em issions globa lly 
and  loca lly; and  the  progress m ade  by other low-carbon  technologie s and  in itia tives 
wh ich  were  expected  to  de liver a  low-carbon  e lectricity system  bu t wh ich  a re  
curren tly fa lling beh ind  in  de livering aga inst that expecta tion . 

3.1.4 The  governm ent used  its  Decem ber 2020 Ene rgy White  Pape r [9] to  signa l a  review 
of the  existing Nationa l Policy Statem en ts, issu ing draft revisions of NPS EN-1 and 
NPS EN-3 for consu lta tion  on  6th Septem ber 2021 [1, 2]. While  the  draft Revised  NPS 
EN-1 confirm s tha t the  "Secre ta ry of State  has decided  tha t for any applica tion  
accepted  for exam ination  be fore  designation  of the  2021 am endm ents, the  2011 
su ite  of NPSs shou ld  have  e ffect in  accordance  with  the  te rm s of those  NPS." [1, Para  
1.6.2] the  sam e  docum ent a lso  sta te s tha t "any em erging draft NPSs (or those  
designated  but not having e ffect) a re  poten tia lly capable  of be ing im portan t and 
re levant considera tions in  the  decision -m aking process" [1, Para  1.6.3]. Section  3.3 
there fore  conta ins a  syn thesis of the  2021 Draft Nationa l Policy Statem en ts EN-1 
and EN-3 and  shows tha t the  dem onstration  of need for The  Schem e  as se t out in  
th is Statem ent of Need is consisten t with  the  updated  policy conta ined  with in  the  
revised  NPSs. 

3.1.5 This Sta tem ent of Need there fore  extends the  ana lysis con ta ined  in  the  NPSs to 
cove r low-carbon  so lar gene ration  aga inst today’s clim ate , security of supply and  
cost of genera tion . It para lle ls those  a rgum en ts m ade  for NPS-re levant technology 
and extends them  to  dem onstrate : firstly, that there  is now an  even  greate r need  
for so la r technology (as a  renewable  source ) in  GB than  there  was in  2011; secondly, 
that large-sca le  so la r is  now techn ica lly and  econom ica lly feasib le ; th irdly, tha t la rge -
sca le  so lar can  and  will b ring bene fits for the  UK; and  fourth ly tha t in tegration  
technologies will p lay an  e ssentia l ro le  in  fu ll decarbon isation  of the  whole  GB 
ene rgy system , enhancing the  bene fits brough t by low-carbon genera tion . These  
bene fits m an ife st in  te rm s of m ate ria l contribution  to  the  UK’s lega l decarbon isation  
ta rge ts; enhancem ent of security of supply; and  m anaging the  a ffordability of 
e lectricity for GB consum ers. 

3.1.6 The  NPSs se t out, for England and  Wales, the  nationa l case  for NSIP energy pro jects 
and  estab lish  the  need for ce rta in  types of infrastructure , as we ll as identifying 
potentia l key issues that shou ld  be  considered by the  decision  m ake r. S104 of the  
Plann ing Act (2008) m akes clear tha t whe re  an  NPS exists re la ting to  the 
deve lopm ent type  applied  for, the  SoS m ust have  regard  to it. In  th is case , the  Energy 
NPSs do  not expressly re fer to  so la r gene ration  and  so  it is considered  that the  
applica tion  will be  de te rm ined  unde r S.105 of the  Plann ing Act 2008 (cases where  
no na tiona l policy sta tem en t has e ffect). While  the  NPSs do not provide  specific 
policy in  re lation  to  so lar deve lopm ent, th is Statem en t of Need has been  deve loped 
on  the  prem ise  that the  policie s se t ou t in  NPS EN-1, EN-3 and EN-5 apply and  shou ld  
be  conside red  as "im portan t and  re levant" m atte rs for the  decision  m ake r 
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de te rm in ing the  applica tion  under the  powers se t out in  S.105 of the  Plann ing Act 
(2008). The  urgent na tiona l need  for energy gene rating sta tions se t ou t in  both  NPS 
EN-1 and EN-3 m eans tha t sign ificant we ight shou ld  be  a ttributed  to  The  Schem e’s 
ab ility to  contribu te  to  m ee ting that urgen t need . 

3.1.7 The  transitionary provisions in  the  draft NPSs [1, 2] m ean  tha t a lthough  they will no t 
d irectly be  applicable  to  The  Schem e, they m ay rem ain  an  im portan t and  re levant 
m atte r for the  SoS to  consider unde r S.105 of the  Plann ing Act 2008. 

3.1.8 Policie s with in  NPSs EN-1 (Energy), EN-3 (Renewable  Energy In frastructure ) and  EN-
5 (Electricity Networks) a re  im portan t and re levant to  th is proposa l. The  policies 
wh ich  a re  of particu la r re levance  and im portance  to  th is exam ination  are  se t ou t in  
Section  3.2. 

3.2 A syn t h e s is  o f t h e  2011 Na t ion a l Po licy St a t e m e n t s  EN-1 a n d  EN-3 

3.2.1 At the  tim e  the  NPSs were  published , scien tific opin ion  was that, to  avoid  the  m ost 
dange rous im pacts of clim ate  change , the  increase  in  average  globa l tem peratu res 
m ust be  kept to  no  m ore  than  2 °C. Global em issions m ust there fore  sta rt fa lling as 
a  m atte r of urgency [5, Para  2.2.8]. 

3.2.2 The  energy NPSs were  in tended to  speed up the  transition  to  a  low carbon econom y 
and he lp  the  UK to  realise  its  clim ate  change  com m itm ents soone r than  would  a  
con tinua tion  under the  curren t p lann ing system  [5, Para 11.7.2]. They recogn ise  that 
m oving to  a  secu re , low carbon  ene rgy system  to  enable  the  UK to  m ee t its  lega lly 
b inding ta rge t to  cu t greenhouse  gas em issions by a t least 80% by 2050, com pared 
to  1990 leve ls, is  cha llenging, but ach ievable . 

3.2.3 This wou ld  requ ire  m ajor investm ent in  new technologie s to  e lectrify heating, 
industry and  transport, and  cleaner power generation  [5, Para  2.2.1]. Unde r som e 
2050 pathways, e lectricity generation  wou ld  need  to  be  virtua lly em ission-free, 
because  em issions from  othe r sectors were  expected  still to  persist [5, Para  2.2.6]. 
Consequently, the  need  to  e lectrify la rge  parts of the  industria l and  dom estic heat 
and  transport sectors, e ither d irectly or by using in te rm ediary energy vectors, will 
sign ificantly increase  e lectricity dem and by 2050 [5, Para 2.2.22]. 

3.2.4 The  UK chose  to la rge ly decarbon ise  its  power sector by adopting low carbon 
sources qu ickly, and  invited  industry to  bring forward  m any new low carbon 
deve lopm ents to  m eet the  twin  cha llenge  of ene rgy security and  clim ate  change  [5, 
Para  3.3.5]. 
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3.2.5 The  NPSs conclude  that the  UK needs su fficien t e lectricity capacity from  a  d iverse  
m ix of technologie s and  fue ls [5, Para  2.2.20], and  the re fore  the  UK also  needs a ll 
the  types of energy in frastructure  covered  by the  NPSs in  order to  ach ieve  energy 
security at the  sam e  tim e  as dram atica lly reducing greenhouse  gas em issions [5, 
Para  3.1.1]. Chapte r 5 of th is Statem en t of Need describes the  progress m ade  in  
decarbon isa tion  in  the  UK to  date , and  dem onstrates that m any of the  fore seen  
technologies cove red  by the  NPSs, due  e ither to  technologica l reasons or pro ject 
deve lopm ent tim esca le s, will no t be  su fficien t to  con tribute  sign ificantly to  
decarbon isa tion  th rough  the  critica l 2020s. Thus, applica tions for deve lopm ent 
consent for renewable  gene ration  in frastructure , whether cove red  by the  energy 
NPSs or not, shou ld  be  assessed  on  the  basis tha t the  governm ent has 
dem onstrated that there  is a  need  for such  in frastructure  and  that the  sca le  and 
u rgency of tha t need  is as described with in  EN-1 Part 3. Substan tia l we ight m ay 
there fore  be  given  to  the  contribu tion  wh ich  pro jects wou ld  m ake  towards satisfying 
th is need  when  conside ring applica tions for deve lopm ent consent under the  
Plann ing Act 2008 [5, Paras 3.1.3 & 3.1.4]. The  econom ic feasib ility of harvesting 
su fficien t ava ilab le  natura l re source  at locations we ll su ited  to  the  se lected 
technology, will be  an  im portan t driver for the  proposed  locations of renewable  
ene rgy pro jects [6, Para 2.6.57]. 

3.2.6 To h it the  targe t of UK com m itm ents to  large ly decarbon ise  the  power sector by 
2030, the  NPSs conclude  that it is  necessary to  bring forward new renewable  
e lectricity gene rating pro jects as soon  as possib le . The  need  for new renewable  
e lectricity gene ration  pro jects is  the re fore  urgen t. 

3.2.7 Solar generation  is expected  to  m ake  an  im portan t contribution  to  the  UK’s 
renewable  ene rgy genera ting capacity towards 2050, furthe r de ta il is  provided  in  
Section  7.4. 

3.3 A syn t h e s is  o f t h e  2021 d ra ft  Re vise d  Na t ion a l Po licy St a t e m e n t s  EN-1 
a n d  EN-3 

3.3.1 The  structure  of the  NPS su ite  has not changed in  the  la test draft docum ents. Draft 
Revised  NPS EN-1 se ts out the  Governm en t’s policy for the  de livery of m ajor energy 
in frastructure , and  draft NPS EN-3 covers both  onshore  and  offshore  renewable  
e lectricity genera tion . However, given  the  increasing u rgency of action  requ ired to 
com bat clim ate  change , the  draft NPSs a re  recogn ised  as be ing "transform ationa l in  
enabling England and Wales to  transition  to a  low carbon  econom y and thus he lp  to  
rea lise  UK clim ate  change  com m itm ents sooner than  continuation  under the  
curren t p lann ing system " [1, Para  1.7.4]. 
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3.3.2 The  fundam enta l need  for the  la rge -sca le  in frastructure , wh ich  draft Revised  NPS 
EN-1 considers, rem ains the  lega l com m itm ent to  decarbon isa tion  to Ne t Ze ro  by 
2050 in  orde r to  hold  the  increase  in  globa l ave rage  tem peratu re  due  to  clim ate  
change , to  we ll be low 2 degrees above  pre-industria l leve ls, as described  in  Chapter 
4 of th is Statem en t of Need. The  NPS state s that: 

Using electrifica tion to reduce emissions in la rge pa rts of transport, hea ting and 
industry could lead to more than ha lf of fina l energy demand being met by electricity 
in 2050, up from 17 per cent in 2019, representing a  doubling in demand for 
electricity. Low ca rbon hydrogen is a lso likely to play an increasingly significant role 
[1, Para  2.3.6]. 

3.3.3 Governm ent d irection  is to  deve lop  an  in tegra ted  ene rgy system  which  re lie s on  low-
carbon e lectricity gene ration  for a  sign ifican t proportion  of its  supply. As a  
consequence : 

Demand for electricity is likely to increase significantly over the coming yea rs and 
could more than double by 2050 a s la rge pa rts of transport, hea ting and industry 
deca rbonise by switching from fossil fuels to low ca rbon electricity. The Impact 
Assessment for CB6 shows an illustra tive range of 465-515TWh in 2035 and 610-
800TWh in 2050 [1, Para 3.3.3]. 

3.3.4 Chapter 6 of th is Statem en t of Need com es to the  sam e conclusion , and  a lso 
recogn ises that low-carbon  genera tion  is a lready cheape r than  fossil fue l genera tion  
both  in  re la tion  to  its  m argina l cost of genera tion  and  its Leve lised  Cost of Ene rgy 
(Chapte r 10). 

3.3.5 Section  3.3 of draft Revised  NPS EN-1 expla ins tha t la rge  capacities of low-carbon 
gene ration  will be  requ ired  to: 

• Ensure  that there  is su fficien t e lectricity to  m ee t increased  dem and; 

• Replace  output from  re tiring p lants; 

• Ensure  there  is su fficien t m argin  in  our supply to accom m odate  unexpectedly 
h igh  dem and; and 

• Mitiga te  risks such  as unexpected  p lant closu res and extrem e weather events. 

3.3.6 Chapter 7 and  Chapter 8 of th is Statem ent of Need are  consisten t with  the  
a rgum ents as they have  been  se t out in  draft Revised  NPS EN-1. 

3.3.7 Draft Revised  NPS EN-1 articu la te s the  prudence  of p lann ing in frastructure  
deve lopm ent on  a  conse rvative  basis, including for scenarios in  wh ich  the  fu tu re  use  
of hydrogen  is lim ited [1, Para 3.3.11]. Chapter 5 of th is Statem en t of Need describes 
the  risks associated with  the  deve lopm ent of nuclear and Carbon Capture , Usage 
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and Storage  (CCUS) technology. Like  Chapter 7 of th is Statem en t of Need, draft 
Revised  NPS EN-1 concludes that the re  is an  urgent need  for new e lectricity 
gene rating capacity to m ee t ou r ene rgy objectives. Furthe r, "a  secu re , re liab le , 
a ffordable , Ne t Zero consisten t system  in  2050 is like ly to  be  com posed 
predom inantly of wind  and  so lar" [1, Para  3.3.31]. Both  Chapter 7 and  Chapter 8 of 
th is Statem ent of Need a lign  with  draft Revised  NPS EN-1 and concludes that a ll low-
carbon  gene rating technologie s are  urgen tly needed to  m eet governm ent’s energy 
objectives by: 

• Provid ing security of supply; 

• Provid ing an  a ffordable , re liab le  system  (through  the  deploym ent of 
technologies with  com plem entary characte ristics); and 

• Ensuring the  system  is Ne t Ze ro  consisten t. 

3.3.8 In  noting the  crucia l na tiona l bene fits of increased  system  robustness th rough  new 
e lectricity ne twork in frastructure  pro jects, d ra ft Revised  NPS EN-1 a lso  recogn ises 
the  particu lar stra tegic im portance  th is decade  of the  ro le  of so lar genera tion  in  the  
UK’s gene ration  m ix. 

As pa rt of delivering [a  secure, reliable, a ffordable, Net Zero consistent system in 
2050], government announced a  ta rget of 40GW of offshore wind by 2030 … and the 
requirement for susta ined growth in the capacity of onshore wind and sola r in the 
next decade [1, Para  3.3.21]. 

3.3.9 The  siting of new solar capacity is there fore  im portan t and  the  loca tion  of poin ts of 
connection  to  existing ne tworks to  enable  that capacity to  com e  forwards, a re  an  
im portan t considera tion . Draft NPS EN-1 goes on  to  provide  that: 

The Secreta ry of Sta te should consider tha t the need for a  new connection or network 
reinforcement has been demonstra ted if the proposed development represents an 
efficient and economica l means of: connecting a  new genera ting sta tion to the 
network; reinforcing the network to accommoda te such connections; or reinforcing 
the network to ensure tha t it is sufficiently resilient and capacious (per any 
performance standa rds set by Ofgem) to reliably supply present and/or anticipa ted 
future levels of demand [1, Para  3.3.55]. 

3.3.10 Chapter 9 of th is Statem ent of Need dem onstra te s that the  proposed  connection  
poin t is  su itab le  and  no  adve rse  operability e ffects a re  an ticipa ted  as a  re su lt o f 
connecting (power flows, ava ilab le  transm ission  connection  capacity, proxim ity to 
dem and cen tres, e tc). 

3.3.11 Draft Revised  NPS EN-1 includes tha t m uch  of the  e lectricity in frastructure  to  
support Net Ze ro  is an ticipa ted  to  be  requ ired  to  enable  the  continued deve lopm ent 
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of la rge-sca le  capacity wh ich  will connect a t the  transm ission  leve l and  Section  8.5 
of th is Sta tem ent of Need a ligns on  th is poin t. Th is is  "because  connection  of la rge-
sca le , centra lised  e lectricity generating facilitie s via  a  h igh  voltage  transm ission  
system  enable s the  pooling of both  generation  and  dem and, wh ich  in  tu rn  offe rs a  
num ber of econom ic and  other bene fits, such  as m ore  e fficien t bu lk transfer of 
power and  enabling surp lus gene ration  capacity in  one  area  to  be  used  to  cover 
shortfa lls e lsewhere ." [1, Para  3.3.14]. 

Government does not believe [decentra lised and community energy systems] will 
replace the need for new la rge-sca le electricity infra structure to meet our energy 
objectives a lthough it is recognised tha t they make an important contribution to 
meeting na tiona l ta rgets on reducing ca rbon emissions and increasing energy 
security. [1, Para  3.3.13] 

3.3.12 In  re la tion  to  in tegration  technologie s, Draft Revised  NPS EN-1 state s tha t: 

New genera ting plants can deliver a  low ca rbon and reliable system, but we need the 
increased flexibility provided by new storage and interconnectors (a s well a s demand 
side response …) to reduce costs in support of an a ffordable supply. Storage and 
interconnection can provide flexibility, meaning tha t less of the output of plant is 
wasted a s it can either be stored or exported when there is excess production. [1, 
Paras 3.3.16 & 17]. 

3.3.13 Draft Revised  NPS EN-1 goes on  to  expla in  that storage  is needed to  reduce  the  costs 
of the  e lectricity system  and increase  re liab ility by storing su rp lus e lectricity in  tim es 
of ove r-supply, to  provide  e lectricity when  dem and is h igher. The  loca l and  nationa l 
se rvices wh ich  storage  asse ts can  provide  are  a lso  re fe renced  in  draft Revised NPS 
EN-1, be ing "peak shaving", constra in t m anagem ent and  the  provision  of a  range  of 
ba lancing se rvices [1, Para  3.3.25]. The  ro le  of "low-carbon  hydrogen" is a lso 
signa lled  as like ly growing in  sign ificance  in  the  fu ture  GB ene rgy system , and 
there fore  supports the  need  for the  in frastructu re  requ ired  to  gene rate  low-carbon 
power to produce  hydrogen  for subsequent storage  and/or transport and use  [1, 
Paras 2.3.5 - 2.3.7]. Chapter 11 of th is Statem en t of Need provides additiona l and 
consisten t a rgum ents for the  need  for e lectricity storage  and  hydrogen  and 
there fore  ju stification  for the  inclusion  of e lectricity storage  technology with in  The  
Schem e . 

3.3.14 Draft Revised NPS EN-3 covers nationa lly sign ificant renewable  ene rgy 
in frastructure  wh ich  includes so la r photovolta ic (PV) a t >50 MW in  England and 
>350MW in  Wales [2, Para  1.6.1]. 

3.3.15 The  docum ent re -ite ra te s the  contribu tion  tha t so la r gene ration  is expected  to  m ake  
to  ach ieving Net Zero  targe ts: 
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Sola r fa rms a re one of the most established renewable electricity technologies in the 
UK and the cheapest form of electricity genera tion worldwide. Sola r fa rms can be built 
quickly and, coupled with consistent reductions in the cost of ma teria ls and 
improvements in the efficiency of panels, la rge-sca le sola r is now viable in some cases 
to deploy subsidy-free and a t little to no extra  cost to the consumer. The government 
has committed to susta ined growth in sola r capacity to ensure tha t we a re on a  
pa thway tha t a llows us to meet Net Zero emissions. As such sola r is a  key pa rt of the 
government’s stra tegy for low-cost deca rbonisa tion of the energy sector. [2, Para 
2.47.1] 

3.3.16 BEIS suggest an ticipa ted  leve ls of land  e fficiency for so lar gene ration , th is recogn ises 
both  the  land  take  wh ich  schem es such  as th is one  requ ires, bu t a lso  tha t evolu tion  
in  the  technology is an ticipa ted  and  th is m ay bring about e fficiency bene fits through 
the  life  of The  Schem e: 

Along with a ssocia ted infra structure, genera lly a  sola r fa rm requires between 2 to 4 
acres for each MW of output. A typica l 50MW sola r fa rm will consist of a round 100,000 
to 150,000 panels and cover between 125 to 200 acres, a lthough this can va ry 
significantly depending on the site and is a lso expected to change over time a s the 
technology continues to evolve to become more efficient [2, Para  2.47.2]. 

3.3.17 Draft Revised  NPS EN-3 lists irrad iance  and  site  topography as key inputs to  site  
se lection . Th is Statem en t of Need a ligns with  the  draft NPS EN-3 position  on  these  
poin ts. The  su itab ility of the  loca tion  and  design  of The  Schem e , including the  sca le  
of The  Schem e  and critica l aspects re la ting to  the  se lection  of the  proposed  location , 
is  addressed  in  Section  7.5 of th is Sta tem ent of Need. 

3.3.18 Grid  connection , and  in  particu la r the  like ly proxim ity of schem es to  su itab le  
connection  poin ts on  the  transm ission  ne twork, is a lso addressed , and is a lso 
consisten t with  Section  7.5 of th is Sta tem ent of Need: 

The applicant may choose a  site based on nea rby ava ilable grid export capacity. 
Loca ting sola r fa rms a t places with grid connection capacity enables the applicant to 
maximise existing grid infra structure, minimise disruption to loca l community 
infra structure or biodiversity and reduce overa ll costs [2, Para  2.48.12]. 

3.3.19 The  degradation  of so la r e fficiency ove r tim e is addressed  in  draft Revised  NPS 
EN-3 [2, Paras 2.48.8 & 2.49.9], is re fe renced  in  Section  10.3 of th is Sta tem ent of 
Need, and  m itigations are  conside red  m ore  fu lly in  Section  7.7:  

Light induced degrada tion a ffects most sola r panels and on average panels degrade 
a t a  ra te of up to 1% each yea r. Applicants may account for this by overplanting sola r 
panel a rrays. [2, Paras 2.48.8]. 
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Sola r panels typica lly have a  design life of between 25 and 30 yea rs, a lthough this can 
sometimes be longer, and can be decommissioned rela tively ea sily and cheaply … 
applicants may elect to replace panels during the lifetime of the site [2, Paras 2.49.9].  
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4 The United Kingdom has a legal commitment to decarbonise 

4.1 Se t t in g t h e  sce n e  on  Clim a t e  Ch a n ge  

4.1.1 This chapte r se ts out the  obliga tions of the  Clim ate  Change  Act 2008, aga inst wh ich  
the  NPSs (2011) were  e stab lished . It then  outlines the  UK’s 2019 lega lly b inding 
com m itm ent to  ach ieving Net Ze ro  carbon  em issions by 2050, aga inst wh ich  the  
need  for fu ture  e lectricity generation  deve lopm ents shou ld  be  assessed . 

4.2 Clim a t e  Ch a n ge  Act  2008 

Figu re  4.1: UK gre e n h ou se  ga s  e m iss ion s , 1990 - 2021 

[10, Ta b le  1.2] 

4.2.1 The  com m itm ent to  decarbon ise  extends across the  Un ited  Kingdom  of Grea t 
Brita in  and  Northe rn  Ire land. Northe rn  Ire land is in te rconnected  with  the  m ain land 
power system  through  in te rconnectors bu t is ope rated  under a  d iffe ren t e lectricity 
m arke t fram ework. There fore , here inafte r we  re fer to  Grea t Brita in  (GB) in  re lation  
to e lectricity generation  and  transm ission , and  the  UK, to re fe r to  the  na tion  wh ich  
has lega lly com m itted  itse lf to  Ne t Ze ro  carbon  em issions by 2050. 

4.2.2 The  governm en t, th rough  the  Clim ate  Change  Act 2008 (CCA2008), m ade  the  Un ited 
Kingdom  the  first coun try in  the  world  to  se t lega lly b inding carbon  budge ts, a im ing 
to cu t em issions (versus 1990 base lines) by 34% by 2020 and at least 80% by 2050, 
"th rough  investm ent in  ene rgy e fficiency and  clean  energy technologie s such  as 
renewables, nuclear and  carbon  captu re  and  storage" [11, Five  Poin t Plan ]. 
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4.2.3 CCA2008 is unde rp inned by fu rthe r legisla tion  and  policy m easures. Many of these  
have  been  consolida ted  in  the  UK Low Carbon  Transition  Plan  (2009) [11], and  UK 
Clean  Growth  Strategy (2017) [12]. A statu tory body, the  Com m ittee  on  Clim ate  
Change  (CCC), was a lso  created  by CCA2008, to  advise  the  Un ited  Kingdom  and 
devolved  governm ents and Parliam en ts on  tackling and  preparing for clim ate  
change , and to advise  on  se tting carbon  budgets. The  CCC reports regu larly to  the  
Parliam ents and  Assem blie s on  the  progress m ade  in  reducing greenhouse  gas 
em issions. The  UK governm ent has se t five -yearly carbon  budgets wh ich  cu rrently 
run  un til 2037, the  process for se tting the  sixth  carbon budget having concluded in  
April 2021. The  UK has m et its  first and second carbon budgets and  is curren tly on  
track to  outperform  the  th ird  (2018 to  2022) – partly attributable  to  e ffective  policy, 
bu t a lso  attributed  to  changes in  the  applicable  Em issions Trading Schem e(s) and 
the  im pact of COVID-19 on  em issions [4, p435] 

4.2.4 Up to  2020, the  UK m ade  progress with  its  carbon  reduction  obliga tions, as shown 
in  Figure  4.1, th rough sign ifican t reductions in  the  power, industry, and  waste  
sectors. CCA2008 obliga tions translate  to  a  to ta l em issions targe t of ~550 MtCO2(e) 
in  2020, and  ~ 165 MtCO2(e ) in  2050. The  m ain  drive r of UK carbon  reduction  to  date  
has been  the  GB power gene ration  sector. Overa ll carbon  in tensity from  GB power 
gene ration  has fa llen  sign ificantly in  recent years, with  (virtua lly) carbon-free  
gene ration  (wind , so lar, hydro , b ioenergy, and  nuclear) accounting for a round 62% 
of e lectricity genera tion  in  2020 [13]. CCA2008 com m itted  the  UK to  sourcing 15% of 
its  tota l ene rgy (across the  sectors of transport, e lectricity, and  hea t) from  renewable  
sources by 2020 and new pro jects were  expected  to  need  to  continue  to  com e 
forward  urgen tly to  ensu re  that th is ta rge t was m et. Governm ent pro jections m ade  
in  2011 suggested  that by 2020 abou t 30% or m ore  of GB e lectricity gene ration  – 
both  cen tra lised  and sm all-sca le  – cou ld  com e  from  renewable  sources, com pared 
to  6.7% in  2009 [5, Para 3.4.1] 

4.2.5 All industry sectors have  im portan t ro les to  p lay in  decarbon isation , but so  far 
carbon  reductions ou tside  of power, industry and  waste  have  been  le ss sign ificant 
than  those  ach ieved  with in  the  power sector, as shown  in  Figure  4.1. Electrification  
of non-power sectors is  the re fore  an  im portan t part of the  rea lisa tion  of ove ra ll 
carbon  em ission  reductions. Indeed: 

Moving to a  secure, low ca rbon energy system is cha llenging, but achievable. It 
requires ma jor investment in new technologies to renovate our buildings, the 
electrifica tion of much of our hea ting, industry and transport, prioritisa tion of 
susta inable bioenergy and cleaner power genera tion [5, Para 2.2.1]. 

4.2.6 However, in form ation  provided  by Nationa l Grid  ESO on  the ir ESO Data  Porta l 
(Historic Gene ration  Mix & Carbon  In tensity Datase t) illustrate s that the  fu rther 
decarbon isa tion  of the  e lectricity grid  is not a  given . Age ing zero-carbon nuclear is 
be ing rep laced  by renewable  wind  and  so lar. The  ne t e ffect is  an  e lectricity 
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gene ration  carbon  in tensity hold ing position , with  no  m ateria l reductions having 
been  m ade  be tween  2019 and 2022. Further nuclear closures in  2024 m ay m ean 
that fu rther reductions in  grid  average  carbon  in tensity m ay not be  seen  until 2025 
or la te r. 

4.2.7 The  con text for the  need  for greate r capacities of low-carbon  gene ration  to  com e 
forward  in  GB with  pace , has continued  to  deve lop  since  2018. In  October 2018, 
fo llowing the  adoption  by the  UN Fram ework Conven tion  on  Clim ate  Change  of the  
Paris Agreem en t, the  In te rgove rnm enta l Pane l on  Clim ate  Change  (IPCC) published 
a  Specia l Report on  the  im pacts of globa l warm ing of 1.5°C above  pre -industria l 
leve ls. Th is report concluded that hum an-induced warm ing had  a lready reached 
approxim ate ly 1ºC above  pre-industria l leve ls, and  that without a  sign ificant and 
rapid  decline  in  em issions across a ll sectors, globa l warm ing wou ld  not be  like ly to 
be  conta ined, and  there fore  m ore  u rgent in te rna tiona l action  is requ ired. The  
am bition  aga inst wh ich  CCA2008 was e stab lished  has been  extended, and  the  
ta rge ts for carbon  em issions reduction  have  tigh tened. 

4.3 En h a n ce m e n t s  o f e xis t in g UK gove rn m e n t  p o licy on  clim a t e  ch a n ge : 
Ne t  Ze ro  

4.3.1 In  re sponse , in  May 2019, the  CCC published Ne t Zero: The  UK’s contribu tion  to 
stopping globa l warm ing [14]. Th is report recom m ended tha t governm ent extend 
the  am bition  of CCA2008 past the  de livery of ne t UK greenhouse  gas savings by 80% 
from  1990 leve ls, by 2050. The  CCC recom m ended tha t ”The  UK shou ld se t and  
vigorously pursue  an  am bitious ta rge t to  reduce  greenhouse  gas em issions (GHGs) 
to  Ne t Zero  by 2050, ending the  UK’s contribu tion  to  globa l warm ing with in  30 years”. 
The  CCC be lieve  that th is recom m endation  is “necessary [aga inst the  context of 
in te rnationa l scien tific studies], feasib le  [in  that the  technology to  de live r the  
recom m endation  a lready exists] and  cost-e ffective”, reporting that ”falling costs for 
key technologie s m ean  that ... renewable  power (e .g. so la r, wind) is now as cheap as 
or cheape r than  fossil fue ls”. Im portan tly, the  CCC recom m endation  identifie s a  
need  for low-carbon in frastructu re  deve lopm en t wh ich  is consisten t with  the  need 
case  se t out in  NPS EN-1, bu t poin ts to  an  increased  u rgency for action . 

4.3.2 In  June  2019, the  governm ent announced the  laying of a  sta tu tory in strum ent in  
Parliam ent, wh ich  am ended CCA2008, in  order to  im plem ent the  CCC’s 
recom m endation  in to  law. The  UK thus becam e  the  first m ajor econom y to  pass 
laws to  end  its  contribution  to  globa l warm ing by 2050. In  the  sam e  m onth , the  CCC 
a lso  reported  to  Parliam ent that “UK action  to  cu rb  greenhouse  gas em issions is 
lagging beh ind  what is needed to m eet lega lly-b inding em issions targe ts” [15]. 
Despite  having m et its first and  second carbon  budgets and  be ing on  track to 
outperform  its th ird  (2018 – 2022), the  UK is not ye t on  track to  m ee t its  fourth  (2023 
– 2027) or fifth  (2028 – 2032) carbon  budge ts. Recogn ising the  need  for progress in  
decarbon isa tion  to  continue , the  CCCs recom m endations for a  sixth  carbon  budget, 
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runn ing from  2033-2037, wh ich  were  accepted  by gove rnm ent in  April 2021 and  
were  enshrined  in  law in  June  2021, included  m easures wh ich , when  de live red , will 
re su lt in  a  78% reduction  in  UK te rritoria l em issions be tween  1990 and 2035, in  
e ffect, b ringing forward  the  UK’s previous 80% targe t by nearly 15 years [4, p5], [16]. 

4.3.3 Figure  4.1 illu stra te s the  reduction  in  carbon  em issions from  GB e lectricity 
gene ration  wh ich  has been  ach ieved since  1990. Despite  th is reduction , the  CCC’s 
position  is that extending the  am bition  of CCA2008 is not credib le  un le ss 
decarbon isa tion  progresses with  fa r grea te r urgency than  curren tly exists. The  CCC’s 
June  2020 report to  gove rnm ent sta ted  that: 

To reach the UK’s new Net Zero ta rget emissions will need to fa ll, on average, by 
a round 14 MtCO2e every yea r, equiva lent to 3% of emissions in 2019. As the existing 
ca rbon budgets were set on a  cost-effective pa th to achieving an 80% reduction in UK 
greenhouse gas emissions by 2050, a  more ambitious long-term ta rget is likely to 
require outperformance of the ca rbon budgets legisla ted to da te. [15, pp52-53]. 

4.3.4 Consisten t with  the  NPS, the  UK’s pa thway to a  successfu l 2050 carbon  budget m ust 
involve  wide r transitions outside  of the  GB power gene ration  sector: 
decarbon isa tion  of transport, industry, agricu ltu re  and  the  hom e, and  u tilisation  of 
a lte rnate  energy vectors to  enable  the  decarbon isation  of trad itiona lly hard-to-
reach  sectors rem ains requ ired  to  reduce  non-power sector em issions. The  CCC 
agree  tha t decarbon isa tion  progress m ust occur not on ly with in  the  e lectricity 
gene ration  sector, bu t a lso  in  othe r sectors wh ich  use  ene rgy, including low-carbon 
heating system s in  the  bu ilt environm ent, and the  e lectrifica tion  of transport, with  
m ost sectors needing to  reduce  em issions to  close  to  zero  by 2050 for the  Net Zero 
ta rge t to  be  ach ieved . The  CCC an ticipa te  a  fu tu re  of “extensive  e lectrification , 
particu la rly of transport and  heating, supported by a  m ajor expansion  of renewable  
and  other low-carbon  power genera tion”. Governm ent’s Industria l Decarbon isation  
Strategy (March  2021) confirm s that decarbon ising UK industry is a  core  part of the  
am bitious p lan  for the  green  industria l revolu tion , bu ilt on  the  expecta tion  tha t 
em issions will need to  reduce  by a t least two-th irds by 2035 and by at least 90% by 
2050 [17, p8]. Chapter 6 includes a  m ore  de ta iled  ana lysis of th is top ic. Continu ing 
as we  are , sim ply pu t, is not enough. The  increased  e lectrifica tion  of prim ary ene rgy 
use  will double  down on  the  requ irem ent to  reduce  carbon  em issions from  
e lectricity genera tion  even  furthe r than  tha t wh ich  has a lready been  ach ieved , for 
exam ple , gove rnm ent a re  ta rge ting a round 20TWh pe r year of fossil fue l dem and 
switch ing to  low carbon fue ls by 2030 [17, p8]. The re fore , to  de liver carbon  savings, 
it  is  vita lly im portan t to  ensure  tha t GB can  m eet an  increased  dem and for e lectricity 
in  a  secure  way, with  a  sign ificantly lower carbon in tensity even  than  cu rrent leve ls. 
The  decarbon isation  of GB’s e lectricity genera tion  asse ts is  the re fore  of vita l 
im portance  in  m ee ting the  UK’s lega l obliga tions on  carbon  em issions. 
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4.3.5 The  Ene rgy System s Catapu lt (ESC) was se t up  to  acce le rate  the  transform ation  of 
the  UK’s energy system  and ensure  UK businesses and  consum ers capture  the 
opportun ities of clean  growth . The  ESC is an  independent, no t-for-profit cen tre  of 
exce llence  that bridges the  gap  be tween  industry, governm en t, academ ia, and 
re search . 

4.3.6 In  March  2020 the  Energy System s Catapu lt (ESC) published  the  Innovating to  Ne t 
Zero report wh ich  sum m arised  the  re su lts of an  update  to  the ir na tiona l Energy 
System  Mode lling Environm ent (ESME) [18]. The  a im  of the  ana lysis was to  consider 
potentia l pa thways to  2050 to  support the  iden tification  of technologie s, products 
and  se rvices wh ich  will be  m ost im portan t to  ach ieving the  Ne t Zero targe t. The  ESC’s 
ana lysis provides a  use fu l independen t ana lysis of the  trends described in  National 
Grid  Electricity System  Operator’s (NGESO’s) annual Future  Ene rgy Scenarios 
publica tions (FES –an  im portan t source  of in sigh t in to evolu tion  of the  UK e lectricity 
system , see  Section  6.2 for furthe r de ta il and  con text) and  there fore  provides use fu l 
confirm ation  of som e  poin ts, wh ile  drawing d iffe rent conclusions on  others. The  
ESC’s ana lysis adds breadth  and  depth  to the  consensus of how best to  ach ieve  the  
Ne t Zero targe t and is re fe renced in  the  fo llowing Chapte r 6. Other profe ssional 
organ isa tions a lso  share  the ir views of fu ture  dem and and these  are  d iscussed  in 
Section  6.3. In  Innovating to  Net Zero, the  ESC obse rved  that: 

Net Zero na rrows the set of viable pa thways for the future energy system. Where an 
80% ta rget a llowed considerable va ria tion in rela tive effort across the economy, with 
some fossil fuels still permissible in most sectors, Net Zero leaves little slack. [18, p5]. 

4.3.7 ESC ana lysis [18, p27] an ticipa tes that the  decarbon isation  of other sectors will 
requ ire  a t least double  today’s e lectricity dem and by 2050, a ll o f wh ich  m ust com e 
from  ze ro-carbon  sources. Coupled with  NGESO’s own  forecasts of the  requ irem ent 
for e lectricity genera ted  from  low-carbon  sources in  GB (see  Section  6.2) ESC’s 
ana lysis leads to  the  conclusion  tha t, for the  UK to ach ieve  Net Ze ro , a ll ava ilab le  
low-carbon  re source  and  in frastructu re  deve lopm en ts m ust be  brough t forward  a t 
pace : the  power gene ra tion  sector m ust both  increase  in  capacity and  reduce  in  
carbon  in tensity on  an  unprecedented  sca le . 

4.3.8 In  Septem ber 2022, Gove rnm ent announced the  com m ission ing of an  independen t 
review of the ir approach  to  de livering the  Net-Zero  ta rge t, to  ensure  tha t it  is  pro-
business and  pro-growth .  The  Term s of Re ference  of the  review [122] shows that it 
will conside r how the  UK’s approach  to  Ne t Ze ro  can: 

• Deliver m axim um  econom ic growth  and  investm ent, driving opportun itie s for 
priva te  investm en t, jobs, innovation , exports, and  growth  right across the  UK; 

• Support UK energy secu rity and  a ffordability for consum ers and  business and 
the  need  to  rap id ly increase  and  strengthen  UK ene rgy production  and  supply; 
and 
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• Minim ise  costs borne  by businesses and  consum ers, particu la rly in  the  short-
te rm . 

4.3.9 The  “Skidm ore  Review” is an ticipa ted  to  produce  a  report including a  se t of 
recom m endations wh ich  will be  subm itted  to  the  BEIS Secre ta ry of State  by the  end 
of Decem ber 2022.  In  advance  of the  publica tion  of that report, it  is  noted  that 
Chapter 8 of th is Sta tem ent of Need expla ins the  con tribution  of so lar gene ration  to 
security of supply and  Chapter 9 describes the  very strong reasons for connecting 
th is Schem e  at its  proposed  loca tion  to  m ake  e ffective  use  of existing in frastructu re , 
supporting both  security of supply and affordability.  Fu rther, Chapte r 10 of th is 
Statem en t of Need provides an  ana lysis of the  econom ic viability of la rge -sca le  so lar 
gene ration  as a  fu tu re  con tributor to  a  low-carbon  GB e lectricity supply system  in  
com parison  to  a lte rna te  technologie s; and  an  ana lysis of why The  Schem e  will be  
m ost bene ficia l to  the  ach ievem ent of governm ent’s a im s if it  is  consen ted  to  the 
sca le  proposed. 

4.4 UK d e m on s t ra t in g le a d e rsh ip  on  clim a t e  a ct ion  

4.4.1 Governm ent policy on  clim ate  change  does not stop  a t our nationa l borde rs, indeed 
since  2010, governm ent has included with in  its  policy actions, "driving am bitious 
action  on  clim ate  change  at hom e and abroad" [5, Para  2.2.3]. In  th is regard , the  CCC 
state s: 

Whether the world achieves the long-term tempera ture goa l of the Pa ris Agreement 
will depend on the actions of other countries a longside the UK. A la rge-sca le shift in 
investment towards low-ca rbon technologies is needed and emissions need to stop 
rising and to sta rt reducing rapidly. Fa lling costs for key technologies mean tha t the 
future will be different from the past: renewable power (e.g. sola r, wind) is now as 
cheap a s or cheaper than fossil fuels in most pa rts of the world. [19, pp83-84]. 

More rapid electrifica tion must be accompanied with grea ter build ra tes of low-
ca rbon genera tion capacity, accompanied by measures to enhance the flexibility of 
the electricity system to accommoda te high proportions of inflexible genera tion. While 
key renewable options look increasingly like they can be deployed without subsidy, 
this does not mean they will reach the necessa ry sca le without continued government 
intervention (e.g. continued auctioning of long-term contracts with subsidy-free 
reserve prices) [19, p178] 

4.4.2 Further, the  CCC se t out an  am bitious course  for the  UK to lead, in te rna tiona lly, in  
clim ate  change  m itiga tions and  actions: 

The UK has the strongest record of emissions reduction in the G20 over the last decade, 
and over a  longer period back to 1990. [15, p13] 
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UK domestic clima te ambition can be the basis for UK interna tiona l leadership in 
2021, in the Presidency of the delayed UN clima te summit in Glasgow (COP26) and in 
the G7 Presidency. [15, p16]. 

4.4.3 At the  end of June  2020, the  then  Prim e Min iste r se t ou t h is vision  tha t the  UK wou ld  
lead  in  m arke ts and  technologie s. He  com m itted  to backing the  vision  of the  UK 
becom ing a  globa l leade r in  deve loping batte rie s and  sa id  tha t the  UK would  lead in  
long-te rm  solu tions to  globa l warm ing such  as so la r, wind, nuclear, hydrogen  and  
carbon  captu re  and  storage  [20]. The  Energy White  Paper supports a  quadrupling of 
low-carbon  power genera tion  by 2050. 

4.4.4 In  Ju ly 2020, governm ent m ade  com m itm ents to  support the  transition  from  natura l 
gas to  clean  hydrogen power, and  to  sca le  up  carbon  captu re  and  storage , by 
provid ing £350M funding for a  "green  recovery supercharge ." Such  an  endeavour is 
necessary for the  decarbon isation  of heavy industry, construction , space  and  
transport sectors. Th is funding has been  announced in  support of m ee ting the  then 
Prim e Min iste r’s goa l of leading the  m ost am bitious environm en tal program m e 
worldwide  [21]. 

4.4.5 In  August 2020, gove rnm ent announced funding for seve ra l green  infrastructure  
deve lopm ent and  innovation  pro jects [22], fu rther evidence  of governm ent’s 
con tinued backing of the  sector and  its  support for organ isa tions to  m ake  decisive 
con tributions to  support the  UK leading in te rnationa l deve lopm ent in  th is fie ld. 

4.4.6 Also  in  August 2020, the  Nationa l In frastructu re  Com m ission  (NIC) issued  a  report 
sta ting that: 

The la test ana lysis for the Commission suggests tha t 65 per cent of Brita in’s electricity 
could be delivered from renewables by 2030 with no ma teria l change in cost when 
compared to the Commission’s previous recommenda tion to deliver 50 per cent 
renewables. [23, p5]. 

4.4.7 Im portan tly, the  CCC m ake  recom m endations for BEIS to "de live r p lans to 
decarbon ise  the  power system  to reach  an  em issions in tensity of 50 gCO2/kWh by 
2030, with  a t least 40GW of offshore  wind  and  a  ro le  for onshore  wind  and  large -
sca le  so lar power, with  a  clear tim e table  of regu lar [Contract for Diffe rence] 
auctions" [15, Table  4]. 

4.4.8 In  Novem ber 2020, the  then  Prim e  Min iste r published  h is ten-poin t p lan , wh ich  to  a  
degree  responds to  the  CCC’s recom m endations, including the  a im  to  "crea te , 
support and  protect hundreds of thousands of green  jobs, wh ilst m aking strides 
towards Ne t Zero by 2050". [24]. The  urgent need  for la rge  capacities of low-carbon 
gene ration  is clear, and  m om entum  is bu ild ing from  varied  independent experts, in  
support of the  na tion ’s drive , capability and  capacity to lead  the  world  in  
decarbon isa tion . The  CCC write : 
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The signs point to a  propitious moment for globa l clima te ambition in Glasgow next 
yea r. But our interna tiona l leadership, in the Presidency of COP26 and of the G7, must 
begin a t home. Our influence in the wider world rests ultima tely on strong domestic 
ambition. [4, p6]. 

4.4.9 And gove rnm ent agrees with  th is advice : 

The actions we take a s a  result of this white paper, a s pa rt of our wider clima te agenda , 
a re intended to show leadership and vision and demonstra te to our pa rtners a round 
the world tha t now is the time to take the bold steps to tackle clima te change. The UK 
is leading from the front in the transition to clean energy, while ensuring tha t we leave 
no one behind a s we build back greener. [9, p2]. 

The UK is the world’s first ma jor economy to present a  Net Zero Industria l 
Deca rbonisa tion Stra tegy ... The UK was a lso the first ma jor economy to legisla te an 
ambitious Net Zero ta rget and we a re taking a  leading role globa lly in the fight aga inst 
clima te change. Domestica lly, this is a  pioneering agenda , and this government will 
continue to seek ambitious ta rgets and collabora tion from other countries ... through 
the UK’s presidency of COP26 ... in November 2021. [17, p6]. 

4.4.10 On announcing the  adoption  of the  CCC’s recom m endations for the  sixth  Carbon 
Budge t in  April 2021, the  UK se t the  world’s m ost am bitious nationa l clim ate  change  
ta rge t in to law. An  address by the  then  Prim e  Min iste r a t the  open ing se ssion  of the  
US Leaders’ Sum m it on  Clim ate , hosted  by US President Joe  Biden  and  he ld  on  Earth  
Day (22nd April 2021), urged  countrie s to  ra ise  am bition  on  tackling clim ate  change  
and jo in  the  UK in  se tting stre tch ing targe ts for reducing em issions by 2030 to  a lign  
with  Ne t Ze ro . 

4.4.11 The  Schem e  pre sents a  sign ificant opportun ity to  take  a  fu rther step  forward  in  the  
UK’s figh t aga inst clim ate  change , and  in  the  transition  to a  d ive rse  supply m ix of 
clean  gene ration . The  consent of the  UK’s first la rge-sca le  so la r park a t Cleve  Hill, 
granted  in  May 2020, and  the  second a t Little  Crow, gran ted  in  April 2022, 
dem onstrate  tha t la rge-sca le  so lar in  the  UK is consentable  due  to  the  sign ificant 
decarbon isa tion  and  supply d ive rsifica tion  bene fits the  technology class brings 
forward. As subsequen t chapte rs of th is Sta tem ent of Need estab lish , so la r 
technology is an  e ssentia l e lem en t of the  fu ture  generation  m ix, and m ore  la rge-
sca le  so la r parks will be  requ ired in  GB for the  UK to m eet its Net Zero obliga tions. 
The  opportun ities for siting and  connecting la rge -sca le  so la r in  GB are  lim ited , 
there fore  feasib le  opportun itie s for so lar deve lopm en t shou ld  bene fit in  the  
p lann ing ba lance  from  the  fu ll we igh t of the  bene fits they bring to  UK and globa l 
clim ate  needs, in  orde r to  m ain ta in  pace  and sca le  with  UK lega l requ irem en ts. The  
proposed location  for The  Schem e presents a  h igh ly su itab le  so lu tion  for the  
e fficien t de livery of so la r a t sca le  over tim efram e  which  will p rovide  sign ificant 
decarbon isa tion  bene fits (see  Chapte r 9) and  The  Schem e  is there fore  an  e ssentia l 
step  in  the  deve lopm ent of the  portfo lio  of so la r genera tion  requ ired . The  Schem e 
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will m ake  a  va luable  con tribution  to adopted  UK gove rnm ent policy and  the  
ach ievem ent of world-leading decarbon isa tion  com m itm ents. 

4.5 COP26: Un it in g t h e  w or ld  t o  t a ck le  clim a t e  ch a n ge  

4.5.1 The  26th  UN Clim ate  Change  Conference  of the  Parties (COP26) was he ld  in  Glasgow 
on  31st Octobe r to  13th  Novem ber 2021. COP26 brough t parties toge the r to  
acce le rate  action  towards the  goa ls of the  Paris Agreem en t and  the  UN Fram ework 
Convention  on  Clim ate  Change . As the  first COP since  the  first Nationa lly 
De term ined Contribu tions (NDCs) had  been  published  since  Paris, the  run  up to 
COP26 in  Glasgow was a  critica l m om ent in  the  world’s m ission  to  keep  the  hope  of 
lim iting globa l tem perature  rises to  1.5°C a live  [25]. In te rna tiona l p ledges cou ld  be  
reviewed and am algam ated  and  a  view of globa l com m itm ents m ade  towards 
lim iting carbon  em issions and  adapting to  clim ate  change  cou ld  be  crea ted  for the  
first tim e. 

4.5.2 Agreem en ts were  reached on  m any them es a t COP26, including: science  and 
u rgency; adaption ; adaption  finance ; m itiga tion ; finance , technology transfe r and 
capacity-bu ild ing for m itiga tion  and  adaptation; loss and  dam age; im plem en tation; 
co llabora tion; and  confirm ation  and  deve lopm en ts of e lem en ts of the  Paris 
ru lebook. 

4.5.3 Of greate st re levance  to  th is Statem ent of Need, specifica lly because  collective 
progress to  da te  to  reduce  em issions has not been  su fficien t, a re  the  outcom es 
agreed  a t COP26 re lating to  m itiga tion: se tting out the  steps and  com m itm ents tha t 
Parties will take  to  acce le ra te  e fforts to  reduce  em issions "to keep  1.5 degrees in  
reach". Key ach ievem ents a t COP26 unde r the  them e  of m itiga tion  include  [26]: 

• Over 90% of world  GDP and around 90% of globa l em issions are  now covered 
by ne t zero  com m itm ents and  153 countrie s have  put forward  new or updated 
em issions NDCs, wh ich  collective ly cove r a round 80% of the  world’s 
greenhouse  gas em issions. Net Zero  is a  globa l endeavour and  the  world  is 
ge tting on  board ; 

• The  im portance  of action  now to  address the  u rgency of clim ate  change  and 
drive  em issions down  be fore  2030 was cem en ted  in  an  agreem en t from  a ll 
parties to  revisit and  strengthen  the ir current em issions ta rge ts to  2030, in  
2022; 

• The  ro le  of clean  e lectricity in  de livering clim ate  action , and the  im portance  of 
driving down  em issions from  fossil fue l generators as we ll as increase  capacity 
of renewable  genera tors, was acknowledged in  the  negotia ted  agreem ent by 
190 coun tries a t COP26 to  "phase  down coa l power". Furthe r com m itm ents to  
cease  in te rnationa l coal finance  and  d irect public support of unabated  fossil 
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fue l energy, by the  end of 2021 and 2022 re spective ly, will free  funds to  be  
red irected  for deploym ent in  renewable  energy; and 

• Accoun ting for ove r 10% of globa l greenhouse  gas em issions, and  around ha lf 
the  world’s consum ption  of o il, road  transport is  a  critica l sector to  decarbon ise 
with  pace . Agreem ent was reached by countrie s, citie s, com pan ies, investors 
and  veh icle  m anufacturers to  targe t a ll new car and  van  sa le s to  be  zero 
em ission  by 2040 globa lly and  2035 in  leading m arke t, and u ltim ate ly to  phase  
our fossil fue lled  veh icle s. Electrifica tion  of transport is  inevitab le , unde rway 
and acce le rating. Low carbon  e lectricity supply m ust keep  growing to  provide  
the  energy to  enable  the  rap id  d isp lacem ent of o il. 

4.5.4 It is  appropriate  that COP26 was he ld  in  the  UK, because  of the  sign ifican t leadersh ip  
and  progress shown  by the  UK th rough  its  clim ate  actions and  am bitious clim ate  
change  ta rge ts. And as the  COP26 Outcom es report rem inds its  readers: "we  m ust 
con tinue  the  work of COP26 with  conce rted  and  im m edia te  globa l e ffort to  de liver 
on  a ll p ledges" in  orde r to  keep  a live  the  hope  of lim iting the  rise  in  globa l 
tem perature  to  1.5°C [26]. 

4.5.5 The  Schem e  presen ts an  opportun ity for the  UK to  underpin  its  de live ry on  the  
COP26 m itiga tion  p ledges: 

• The  UK has published  its  NDC, wh ich  is a  reduction  in  econom y-wide  
greenhouse  gas em issions by a t least 68% by 2030, com pared  to  1990 leve ls 
and  repre sen ts a  greate r reduction  in  em issions than  tha t requ ired by Carbon 
Budge t 5 (2028 – 2032).  Th is Schem e is a  critica l m easu re  in  support of 
ach ieving the  UK’s NDC by The  Schem e  provid ing new low-carbon  e lectricity 
gene ration  facilitie s to  fu rther decarbon ise  the  e lectricity system , provide  
power for heat, transport and  industria l dem and, and  save  em issions; 

• The  Schem e will gene rate  low-carbon  power in  the  critica l 2020s and  the re fore  
be fore  the  current em issions ta rge ts da te  of 2030. Early action  to  decarbon ise  
is im portant in  the  clim ate  figh t; 

• The  Schem e will genera te  low carbon  power for transm ission  across GB, 
m ean ing that le ss power will need to be  genera ted  in  GB from  fossil fue lled 
power sta tions, or im ported  from  other countrie s, potentia lly associated  with  
carbon  em issions due  to  the  e lectricity m ix of im ported  power wh ich  will a t 
tim es still include  fossil fue l fired  power sta tions; and 

• The  UK is leading the  way globa lly in  e lectrifying veh icle s and  The  Schem e will 
be  an  e ssen tia l source  of low-carbon power to keep GB consum ers and 
businesses m oving in  new e lectric veh icle s wh ile  a t the  sam e  tim e , saving 
carbon  em issions. 
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4.6 Th e  IPCC’s  Sixt h  Asse ssm e n t  Re p or t  

4.6.1 As part of the  IPCC’s Sixth  Assessm ent Report, IPCC Working Group III (IPCC WGIII) 
published  the ir Sum m ary of Clim ate  Change  in  April 2022 and re la ted sum m arie s 
[27]. The  key outcom e  of the ir re search  was tha t tota l an thropogen ic GHG em issions 
con tinued  to rise  du ring the  2010s and  average  annual GHG em issions during that 
decade  were  h ighe r than  in  any previous decade . The  ra te  of growth  be tween  2010 
and 2019 was lower than  that be tween  2000 and 2009. [27, SPM-4]. 

4.6.2 Further, a lthough  em issions dropped tem porarily in  the  first ha lf of 2020 due  to the  
COVID-19 pandem ic, they had  rebounded by the  end  of the  year. [27, SPM-5]. 
Em issions increases were  experienced  across a ll m ajor sectors (transport, hea ting, 
power genera tion , e tc). [27, SPM-7]. 

4.6.3 IPCC WG III obse rved  tha t un it costs of severa l low-em ission  technologie s have  fa llen  
since  2010, and  the ir u se  has increased , th is has so fa r contribu ted  to  the  slowing of 
em issions growth  in  som e  countrie s. 

4.6.4 For exam ple , from  2010–2019, IPCC WGIII obse rve  that there  have  been  susta ined 
decreases in  the  un it costs of so lar energy (85%), wind  ene rgy (55%), and  lith ium -ion  
ba tte rie s (85%), and  large  increases in  the ir deploym en t, e .g., >10x for so la r and 
>100x for e lectric veh icle s (EVs) [27, SPM-12]. 

4.6.5 However, and  m ost a larm ingly: 

Globa l GHG emissions in 2030 a ssocia ted with the implementa tion of na tiona lly 
determined contributions (NDCs) announced prior to COP26 would make it likely tha t 
warming will exceed 1.5°C during the 21st century. Likely limiting warming to below 
2°C would then rely on a  rapid accelera tion of mitiga tion efforts a fter 2030. Policies 
implemented by the end of 2020 a re projected to result in higher globa l GHG 
emissions than those implied by NDCs. [27, SPM-15] 

4.6.6 The  IPCC WGIII's globa l greenhouse  gas em issions for fou r m ode lled  scenarios are  
included in  Figure  4.2, wh ich  illu strates that: 

• Global NDCs are  not ye t su fficien t to  m eet nor susta in  a  (like ly) successfu l track 
towards con ta in ing globa l tem pera ture  rise  be low 1.5C; and 

• Policie s im plem ented  to  date  fa ll short even  of those  NDCs. The  IPCC report 
findings the re fore  im ply that m itiga tion  a fte r 2030 can  no  longer e stab lish  a  
pa thway which  will like ly not exceed  1.5°C globa l tem peratu re  increase  vs. 
1990, du ring the  21st cen tury. 

4.6.7 Only the  m ost dram atic and  m ost u rgent actions provide  a  route  wh ich  is like ly to 
lim it globa l warm ing to  1.5°C with  no  or lim ited overshoot. 
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4.6.8 Much  m ore  action  is requ ired  globa lly, and  with  m uch  m ore  urgency, than  has so 
fa r been  com m itted  to with in  nationa l policies. Regiona l d isparitie s in  em ission  
reductions to  da te  and opportun itie s and  re sources to  de liver fu rthe r reductions 
exist. Th is im plies that countrie s wh ich  are  ab le  to  de liver grea te r em issions 
reductions than  the ir o thers, shou ld  de live r those  greate r em ission  reductions, and 
with  the  greate st degree  of urgency possib le . Such  am bition  will m itiga te  poten tia l 
shortfa lls from  countries wh ich  reduce  em issions m ore  slowly, in  order to  lim it the  
globa l rise  of tem peratu re s and  m in im ise  the  harm fu l e ffects of global warm ing 

Figu re  4.2: Fu n n e lle d  r e p re se n t a t ion  of glob a l GHG e m iss ion s  o f m od e lle d  
p a t h w a ys 

[27, Ada p t e d ] 

4.7 Com m it t e e  on  Clim a t e  Ch a n ge  Progre ss  Re p or t  2022 

4.7.1 In  Ju ly 2022, the  CCC published  the ir report on  UK em issions in  2021, and  th is section  
provides a  sum m ary of that report. 

4.7.2 The  CCC’s 2022 report reviews em issions perform ance  of 2021, wh ich  “rose  4% in  
2021 com pared  with  those  in  2020 as the  econom y began  to  recove r from  the  
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COVID-19 pandem ic … bu t were  still 10% be low pre-pandem ic 2019 leve ls” [115, 
p14]. 

4.7.3 Year-on-year em issions increases occurred  prim arily in  the  surface  transport, 
e lectricity gene ration  and  m anufacturing sectors, h igh lighting the  im portance  of 
u rgent deploym ent of low-carbon  generation  asse ts to  keep  gene ration  em issions 
unde r con tro l wh ile  provid ing m ore  low-carbon power to decarbon ise  other sectors. 

4.7.4 The  2022 report concludes that the  UK’s em issions targe ts a re  com plian t with  the  
Paris Agreem en t and  the  Net Zero strategy (and  supporting strategie s) to  reach  
them  are  credib le . 

4.7.5 However, the  CCC report that policies “are  not ye t in  p lace  to  drive  the  large  
program m e of de livery requ ired  th is decade” – im plying that fu rther deve lopm en t 
(and  com ple tion ) of associa ted  policy fram eworks shou ld  be  com ple ted with  
u rgency. 

4.7.6 Further, the  CCC echo the  findings of the  IPCC report [27] in  tha t tangib le  progress 
is  lagging the  policy am bition , aga in  im plying tha t m ore  needs to  be  done  in  de livery 
as we ll as in  policy and  strategy. Withou t a  grea te r em phasis and  focus on  de livery, 
the  UK’s clim ate  am bitions m ay not be  credib le . 

4.7.7 The  CCC assess tha t the  take -up  of renewable  e lectricity and  of e lectric veh icle s is 
ve ry positive  and  therefore  a ttract confidence  that the  necessary progress will be  
m ade  in  deploym ent, a lthough  risks around de live ry requ ire  active  and  ongoing 
m anagem ent, and  the  im plem enta tion  of contingency p lans. 

4.7.8 The  deve lopm ent of renewable  e lectricity pro jects is  a  critical enable r of 
decarbon isa tion  and  m ust con tinue  with  pace  to  ach ieve  the  policy objectives 
associa ted  with  the  Net Ze ro  strategy. The  CCC assess that approxim ate ly 80% of 
the  carbon reductions to be  ach ieved th rough  p lans to  decarbon ise  e lectricity 
supply a re  credib le , with  sign ifican t risks associated  with  the  rem ain ing 
approxim ate ly 20%. [115, Figure  5]. The  CCC assess tha t these  risks are  associated  
with  tim e lines for de live ry [115, Table  2], adding we ight to  the  bene fit associated 
with  the  Schem e  which  if consen ted  is currently p lanned to  operate  com m ercia lly 
from  2028. 

4.7.9 The  CCC recom m end tha t BEIS shou ld  continue  to  p lan  for fu ll decarbon isa tion  of 
e lectricity supply by 2035; address risks a round connecting asse ts to  the  grid ; and  
deve lop contingency p lans for the  curren t re liance  on  unproven  carbon rem oval 
technologies. [115, p32 & Table  3]. 

4.7.10 The  CCC report is re levan t to  The  Schem e because  it h igh ligh ts that governm en t’s 
stra tegy and policy a im s in  re lation  to  the  decarbon isation  of e lectricity supply a re  
credib le  and  are  necessary for ach ieving Net Zero – a lthough  fu rther policy a im s are  
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like ly to  be  published  la te r in  2022. The  successfu l High  Court Challenge  to  Ne t-Zero, 
brought about in  Ju ly 2022, will ensure  that governm ent will have  to  update  its 
clim ate  stra tegy to  include  a  quantified  account of how its policies will ach ieve  
clim ate  targe ts, based  on  a  rea listic asse ssm en t of what it  actua lly expects them  to 
de live r. The  updated  stra tegy will have  to  be  presen ted  to  parliam ent for scru tiny by 
MPs. It is  the  Applicant’s view tha t because  of the  reasons se t ou t in  Chapters 7 – 10 
of th is Sta tem en t of Need, Gove rnm ent’s stra tegy is exceptiona lly like ly to  include  a  
quantified  p lan  for decarbon isa tion  of the  e lectricity system , and  th is will include  the  
deploym ent of la rge -sca le  so lar gene ration , such  as th is Schem e. 

4.7.11 The  CCC recogn ise  that de live ry aga inst the  current genera tion  supply policy a im s is 
not risk-free , specifica lly in  re lation  to  the  tim ing of decarbon isation  de livery, 
re liance  on  carbon  rem oval technologie s and  a  recom m endation  to  deve lop  fu rther 
con tingency p lans. 

4.7.12 The  Schem e , wh ich  will u se  a  proven  generation  technology and is a t an  advanced 
stage  of deve lopm ent, o ffe rs the  opportun ity, if consented , for GB to  de live r a  so la r 
fa rm  with  connection  capacity of 600MW in  2029. 

4.7.13 Connecting gene ration  capacity of proven  technologie s (such  as so la r power) 
reduces the  risk associa ted  with  de lays in  deve lopm ent in  la te r years and  a lso 
reduces the  re liance  needed to  be  p laced  on  unproven  technologie s. 

4.7.14 Further, connecting proven  genera tion  capacity early reduces the  sca le  of 
con tingency p lans requ ired  to  m anage  la te r de live ry risk, a ll o f wh ich  im proves the  
de live rability of policy aim s and m akes critica l steps towards de livering Ne t Ze ro . 
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5 Progress against the Low Carbon Transition Plan 

5.1 Se t t in g t h e  sce n e  on  t h e  t r a n s it ion  t o  ze ro  ca rb on  

The UK needs to wean itself off such a  high ca rbon energy mix: to reduce greenhouse 
gas emissions. [5, Para  2.2.6] 

The Overa rching Nationa l Policy Sta tement on Energy EN-1 sets out how the energy 
sector can help deliver the government’s clima te change objectives by clea rly setting 
out the need for new low ca rbon energy infra structure to contribute to climate change 
mitiga tion. [5, Para  2.2.11] 

It is for industry to propose new energy infra structure projects within the stra tegic 
framework set by government. [5, Para  3.1.2] 

5.1.1 In  2011, approxim ate ly 75% of GB’s e lectricity cam e  from  carbon-based  fue ls; and 
con tributed  ove r a  th ird  of UK greenhouse  gas em issions. Since  then , carbon 
em issions from  e lectricity have  reduced , bu t m ain ly through  m easures o the r than  
those  wh ich  were  an ticipa ted  as part of the  Low Carbon  Transition  Plan  [11]. 

5.2 Progre ss  t o  d a t e  in  a ch ie vin g e m ission  re d u ct ion s  in  t h e  UK 

5.2.1 Figure  4.1 shows the  trend in  reductions in  carbon  em issions in  the  UK, including 
from  GB power genera tion , since  1990. Power sector reductions have  been  ach ieved 
through  m any in itia tives and  circum stances, including: 

• Electricity volum es gene rated  from  coa l and gas fired p lan ts has reduced . The  
Large  Com bustib le  Plan t Directive  (a im ing to im prove  a ir qua lity bu t a lso 
having sign ificant carbon reduction  bene fits) requ ired  the  clean  up  or tim e-
lim ited ope ration  of coa l-fired power genera tion  prior to  2016. Between 2012 
and 2015, a t le ast 11.5GW of coa l p lan t was decom m issioned  because  of the  
Directive . Furthe r, in  la te  2017, gove rnm ent announced a  com m itm en t to  a  
program m e tha t will phase  coa l ou t of a ll e lectricity genera tion  by 2025, 
brought forward  to  2024 fo llowing BEIS’ Decem ber 2020 consu lta tion  [9, p41]. 
Nationa l carbon  pricing ensures that coa l asse ts have  un favourable  m argina l 
costs (see  Section  8.2) and  a re  the re fore  d ispa tched  on ly when  necessary. In  
June  2020, GB ended a  record  run  of not genera ting any e lectricity from  coa l 
for 1,630 consecutive  hours – the  longest period  since  the  1880s, and  le ss than  
4TWh was generated from  coa l du ring 2020, down from  20TWh in  2017 and 
75TWh in  2015. In  2019, m any asse t operators announced the  closu re  of the ir 
coa l genera tion  asse ts. Just one  coa l sta tion  (Ratcliffe , 2.0GW) rem ained 
com m ercia lly ope rationa l beyond Septem ber 2021 with  ope rationa l life  a t four 
o the r un its (two a t West Burton  A and two at Drax, with  a  com bined  gene ration  
capacity of 2.2GW) extended to re spond to system  stre ss events on ly since  1st 
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Octobe r 2021 until the ir closure  (cu rrently schedu led  for March  2023) [Au thor 
Analysis]. Ra tcliffe  is  currently signa lling that it  will close  a ll o f its un its by 2024.  

• GB’s second-gene ration  nuclear flee t (9GW) opera ted  sign ifican tly past its 
origina l decom m ission ing da tes. Nuclear provided  16% of e lectricity dem and 
in  2020 with  low carbon em issions [13], however the  decom m ission ing of 
existing p lan ts com m enced in  2021 and as of Septem ber 2022, the  UK is 
opera ting ju st five  nuclear sta tions (5.9GW). Advances in  new nuclear p lan ts to  
rep lace  the  existing flee t have  been  slower than  was origina lly envisioned (see  
Section  5.4). 

• Low carbon  variab le  gene ration , predom inantly wind  and  so la r, has been  
deployed to  GB grid  m ore  qu ickly and  m ore  wide ly than  origina lly pro jected, 
as illu strated  in  Table  5.2. 

5.2.2 The  GB e lectricity m arke t is  com plex with  long-te rm  price  uncerta in ty. With in  it, 
m u ltip le  p laye rs a re  deve loping asse ts in  response  to  m arke t signa ls ra ther than  
because  of a  centra lly coordinated asse t deve lopm ent program  [28, p80], and 
there fore  are  favouring technologies wh ich  have  short deve lopm en t tim esca les, 
gene rate  Net Ze ro  consisten t carbon-free  e lectricity and  have  low deve lopm ent and  
opera tiona l costs – such  as so lar power. 

5.2.3 Conventiona l (the rm al, d ispa tchable ) p lan ts in  GB have  closed , but new dispatchable  
low-carbon  p lants have  not ye t opened. By contrast, Renewable  Ene rgy Sources 
(RES, including so la r PV, onshore  wind and offshore  wind) have  been  deployed 
because  of the  subsidy fram eworks ava ilab le  to  them , and  are  con tinu ing to be  
deployed because  of the ir cost-com petitiveness in  re lation  to other, m ore  trad itiona l 
m ethods of e lectricity gene ration . 

Ta b le  5.1: His t o r ica l ca p a cit ie s  of r e n e w a b le  ge n e ra t ion  d e p loym e n t  a n d  s it e s  
a p p rove d  fo r  con s t ru ct ion  (GW) 

 

Ad a p t e d  from  [30, 116, 117] 

 

Technology January 2011 July 2022
Projects under application 

/ construction
Solar 0.0 13.8 15.3
Embedded Wind 0.6
Onshore Wind 13.1
Offshore Wind 13.0 67.9
Total 5.5 40.4 100.7

5.5
17.5
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5.2.4 NGESO’s Futu re  Energy Scenarios (FES) 2020, 2021 and 2022 [35, 13, 116] describe  
three  pathways involving radica l change  across m any industry sectors, wh ich  will 
de live r the  requ ired  100% reductions in  carbon  em issions by 2050 and one  scenario  
wh ich  will no t. The  Ne t Ze ro  com m itm ent underp ins the  urgency for new low carbon 
gene ration  in frastructure  to  be  bu ilt and  com m issioned , and  gove rnm ent support 
for such  deve lopm ents is  critica l. Figu re  5.1 shows the  con tribution  Nationa l Grid’s 
ana lysis predicts so la r will need  to  m ake  to  GB energy supply for each  of the  four 
scenarios included in  FES 2022. De livery of these  sign ificant capacitie s of new solar 
gene ration  will requ ire  the  consent and  de live ry of th is Schem e, and  m any m ore  like  
it. 

Figu re  5.1: Illu s t r a t ion  o f p ot e n t ia l so la r  ca pa cit y e vo lu t ion  b y FES sce n a r io  

[116, Figu re  ES.E.16] 

5.3 Act ion  d u r in g t h e  2020s  w ill b e  cr it ica l t o  m e e t  t h e  2050 Ne t  Ze ro  
t a rge t  

5.3.1 In  an  address to  the  open ing session  of the  US Leaders’ Sum m it on  Clim ate , hosted 
by US Presiden t Biden  on  Earth  Day (22nd April 2021), the  then  Prim e  Min iste r u rged 
countrie s to  fo llow the  UK in  ra ising the ir am bitions on  tackling clim ate  change , and 
to  jo in  the  UK in  se tting stre tch ing targe ts reducing em issions by 2030 to  a lign  with  
Ne t Ze ro . Strong and swift action  in  the  critica l 2020s is needed to  keep  the  UK – and 
o the r countrie s – on  track to m ee t the  com m itm ents to  wh ich  they agreed by sign ing 
the  Paris Agreem ent. [16]. 

5.3.2 The  tim esca le s for bu ild ing out new, la rge -scale  generation  schem es a re  genera lly 
long. Many schem es be ing p lanned today m ay not genera te  the ir first MWh of 
carbon-free  e lectricity for a  further 5 to  15 years. Solar generation  asse ts sit a t the  
shorte r end  of th is range . Steps taken  to re -enginee r e stab lished  industria l 
processes a re  a lso taken  over years, no t m on ths. However, the  need  for 
decarbon isa tion  grows stronge r each  year because  every year du ring wh ich  no 
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action  is taken , m ore  carbon  is re leased  in to  the  atm osphe re  and  the  globa l 
warm ing e ffect acce le rate s. The re fore , early action  will have  a  corre spondingly m ore  
bene ficia l im pact on  ou r ab ility to  m eet the  2050 ta rge ts than  will la te r action . 
Furtherm ore , potentia l fu ture  schem es of any technology which  have  not ye t been  
confirm ed cannot be  used  as a  reason  not to  consent other schem es – such  as th is 
Schem e  – wh ich  m eet the  urgen t need  for action , because  the  risk of non-de livery 
of such  fu tu re  schem es wou ld  p lace  at sign ifican t risk, the  UK’s ab ility to  decarbon ise  
su fficien tly in  order to  m eet those  2050 targe ts. In  June  2021 the  In te rnationa l 
Energy Agency (IEA) issued  a  ca ll to  a rm s on  energy innovation , sta ting that "[The ] 
world  won’t h it clim ate  goa ls un less ene rgy innovation  is rap id ly acce le ra ted  ... Abou t 
three-quarte rs of the  cum ulative  reductions in  carbon  em issions to ge t on  [a  path  
wh ich  will m eet clim ate  goa ls] will need to com e from  technologie s that have  not ye t 
reached fu ll m atu rity." [33, Ju ly 2020]. The  assu rance  and  risk m anagem ent 
com pany DNV GL expressed  th is obse rvation  in  a  d iffe ren t way: "m easures today 
will have  a  d isproportionate ly h igher im pact than  those  in  five  to ten  years’ tim e" 
[34]. 

5.3.3 Recalling from  Chapte r 4 tha t the  UK’s pa thway to  a  successfu l 2050 carbon  budget 
m ust involve  wider transitions ou tside  of the  power generation  sector, im plie s a lso 
that the  power gene ration  sector m ust first decarbon ise  to  enable  the  successive  
decarbon isa tion  of transport, industry, agricu ltu re , and the  hom e. NGESO analysis 
suggests tha t to  m eet Ne t Zero, em issions from  the  e lectricity genera tion  sector 
m ust be  reduced  to  be low zero in  the  early 2030s, as shown  in  Figure  5.2. The  sca le  
and  pace  of change  requ ired  with in  th is sector, to  m ee t that ta rge t, is im m ense , and  
any de lays incu rred  now, m ake  the  cha llenge  increasingly m ore  d ifficu lt for the  years 
ahead. Because  the  lead  tim es associa ted  with  so la r deve lopm en t and  construction  
a re  genera lly short, so la r is we ll p laced  to de live r low-carbon power aga inst 
tim efram es wh ich  will be  incredib ly bene ficia l to  the  UK’s clim ate  goa ls. 

Figu re  5.2: Pow e r  ge n e ra t ion  e m iss ion s  m u s t  r e du ce  t o  n e ga t ive  in  t h e  e a r ly 
2030s  t o  m e e t  t h e  2050 Ne t  Ze ro  t a rge t  a n d  in t e r im  Ca rb on  Bu d ge t s . 
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[116, Figu re  NZ.08] 

5.3.4 The  Industria l Decarbon isa tion  Strategy clearly sta te s the  objective  for the  2020s, 
wh ich  "will be  crucia l ... to  lay the  bedrock for industria l decarbon isa tion . Ove r the  
next decade  ... the  journey of switch ing away from  fossil fue l com bustion  to low 
carbon a lte rnatives such  as hydrogen and e lectrification  [will begin , a longside ] 
deploying key technologie s such  as carbon capture , u sage  and  storage". [17, p6]. 

5.3.5 However, in form ation  provided  by Nationa l Grid  ESO on  the  ESO Data  Porta l 
(Historic Gene ration  Mix & Carbon  In tensity Datase t) illustrate s that the  fu rther 
decarbon isa tion  of the  e lectricity grid  is not a  given . Age ing zero-carbon nuclear is 
be ing rep laced  by renewable  wind  and  so lar. The  ne t e ffect is  an  e lectricity 
gene ration  carbon  in tensity hold ing position , with  no  m ateria l reductions having 
been  m ade  be tween  2019 and 2022. Further nuclear closures in  2024 m ay m ean 
that fu rther reductions in  grid  average  carbon  in tensity m ay not be  seen  until 2025 
or la te r. 

5.3.6 In  conclusion , to  address the  ongoing clim ate  em ergency, it  is  critica l tha t the  UK 
deve lops a  la rge  capacity of low carbon  generation , and  it is  critica l tha t th is 
deve lopm ent occurs urgently – in  the  near-te rm  and not just la te r – to  facilita te  wider 
decarbon isa tion  actions. It is  a lso  im portan t for schem es with  long deve lopm ent 
tim esca le s to  continue  progressing the ir p lans to  ach ieve  carbon reduction  in  
decades to  com e . Schem es with  the  proven  ability to  ach ieve  savings in  th is decade , 
and  even  m ore  im portan tly in  the  early part of th is decade , m ust be  consented . It is 
the se  schem es which  a re  m ost critica l to  keeping the  UK to  its requ ired  carbon 
reduction  path . An  actua l, po ten tia l or asp irationa l p ipe line  for longe r te rm  low-
carbon  gene ration  schem es pre sen ts additiona l opportun ity for fu ture  
decarbon isa tion , but does not pre sent a  va lid  a rgum en t aga inst consenting and  
deve loping schem es with  proven de liverability, short tim esca le s and  dependable  
decarbon isa tion  bene fits. The  Schem e is a  viab le  proposa l, with  a  strong like lihood 
of near-te rm  de liverability, wh ich  will ach ieve  sign ificant carbon  reduction  bene fits 
through  the  deploym ent of a  proven, low-cost technology in  a  very su itab le  loca tion. 
As such , The  Schem e  possesses exactly those  attribu te s iden tified  as be ing requ ired  
both  in  the  near-te rm  and in  the  fu tu re  in  order to  continue  to  m ake  m ateria l ga ins 
in  carbon  reduction . 

5.4 Ma n y t e ch n o logie s  fo re se e n  in  t h e  Low  Ca rb on  Tra n s it ion  Pla n  a re  
u n like ly t o  r e d u ce  ca rb on  e m iss ion s  d u r in g t h e  cr it ica l 2020s  

5.4.1 It is  im portant to  cla rify that th is report does not seek to  ju stify or prom ote  the  
exclusion  of any gene ration  technologie s other than  so la r power from  the  fu ture  GB 
gene ration  m ix. 

5.4.2 Table  5.2 includes e lem ents of the  gove rnm ent’s Low Carbon Transition  Plan  (LCTP) 
m ade  in  2009, wh ich  were  expected  to  m ake  sign ificant contribu tions to  reducing 
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the  carbon  in tensity of e lectricity generation . A cu rrent sta tus on  these  in itia tives is 
a lso  included. While  seve ra l of the  m ajor in itia tives de ta iled  in  the  LCTP have  not ye t 
de live red , the  power generation  sector is  curren tly on  track with  its  carbon  reduction  
ta rge ts. Th is has provided  a  m ajor con tribution  to  the  UK’s current "on  track" 
pe rform ance  versus its lega l decarbon isation  obliga tions and  has been  de livered 
predom inantly by the  closu re  of the  existing coa l flee t, the  opera tion  of the  existing 
UK nuclear flee t beyond its  origina l life tim e  expectations, and  a  sign ificant increase  
in  renewable  genera tion  capacity.  

5.4.3 The  Nationa l In frastructure  Com m ission  (NIC) was e stab lished  in  2015 to  provide  
independent, im partia l advice  on  the  UK’s long-te rm  in frastructure  needs. NIC 
stated  in  its  first Nationa l In frastructu re  Assessm ent report in  2018 that: 

New nuclea r power plants and ca rbon capture and storage infra structure will not be 
built by the priva te sector without some form of government support. [36, p38] 

Ta b le  5.2: Pro je ct ion s  from  2009 fo r  a  low  ca rb on  p ow e r  se ct or  

 

Su m m a r ise d  from  [11, 36, 9, 3, 4]; a n d  a  2022 s t a t u s  [Au t h or  An a lysis ] 

 

Initiative Projection Status, July 2022

2013: construction of new 
nuclear commences.

2017: Hinkley Point C construction commenced, with a Commercial Operation 
date currently estimated during 2026

2018: first new nuclear 
operational (of up to 16 GW)

2018: Government advised by NIC to permit only one more GW+ nuclear before 
2025

2019/20: Two GW+ scale nuclear projects abandoned by their proposed 
developers

2020: Energy White Paper is consistent with NIC advice

2021/22: End of life announced for 4 GW of existing nuclear, in 2021
(1.5 GW), 2022 (1.5 GW) and 2024 (2 GW).

2022: Nuclear Energy (Financing) Bill is adopted. British Energy Security Strategy 
calls for 24GW of nuclear power by 2050.  In July 2022 Sizewell C received its 
Development Consent Order and Government increased its stake in the project in 
November 2022, although at this time the project had not yet taken its Financial 
Investment Decision

Wave / Tidal 2014: Larger-scale wave and 
tidal energy generation (>10 
MW) starts to be deployed

2022: No larger-scale wave and tidal energy generation yet to be deployed. The 
second Severn Estuary / Swansea proposal was denied public funding in 2018.

CCUS 2020: up to 4 CCUS 
demonstration projects 
operational in the UK

2021: No CCUS projects yet operational in GB. National Infrastructure Strategy 
includes business model and funding blueprints in 2021; two industrial clusters 
progress with project development, with a third cluster designated "reserve" 
status. As of October 2022, two projects are in examination.

2019: Wind, solar, hydro, bioenergy accounted for 37% of generation. Nuclear 
accounted for 17%.

2020: Renewables made up 43% share of GB power generation in 2020.

2021: NIC conclude that 65% of GB’s electricity should be delivered from RES by 
2030. Low carbon produced c.42% of 2021 generation

2022: British Energy Security Strategy calls for much deeper and faster 
deployment of renewables, including 50GW of offshore wind by 2030 and a five-
fold increase in solar deployment by 2035.

New Nuclear

Renewable 
Energy Share

2020: Around 30% of electricity 
is generated from renewable 
sources
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Carbon Capture  Usage  and Storage 

5.4.4 FES 2012 [37] estim ated  that be tween  5GW and 14GW of Carbon  Captu re  Usage  & 
Storage  (CCUS) cou ld  be  ope rationa l (across coa l, gas, and  b iom ass p lan t) by 2030. 
One  of the  b iggest cha llenges with  CCUS a t the  tim e  of writing the  LCTP, was that 
wh ile  each  stage  – capture , storage , and  transport – had  a lready been  shown to 
work, it  had  never been  tried  at a  com m ercia l sca le  on  a  power sta tion  and  neve r 
the  com ple te  process from  sta rt to  fin ish . As of May 2022, grid-sca le  CCUS from  
power genera tion  has not ye t been  proven  in  Europe . CCUS technology has not ye t 
progressed to  industria l sca le , and no new la rge -sca le  carbon genera ting power 
sta tions with  CCUS capability have  ye t been  constructed  in  GB. According to  the  
Global CCUS Institu te ’s 2022 status report [38], on ly one  com m ercia l sca le  CCUS 
project (Boundary Dam , Canada) is  currently operationa l for power genera tion  
pu rposes. Opera tions having been  suspended a t Pe tra  Nova  (USA) during 2021). 27 
CCUS projects (36.6Mtpa) a re  cu rrently operationa l worldwide  [38]. 

5.4.5 The  UK chose  to la rge ly decarbon ise  its  power sector by adopting low carbon 
sources qu ickly bu t rem ained  cogn isant of the  advan tages to the  UK of m ain ta in ing 
a  d ive rse  range  of energy sources to  avoid  dependency on  a  particu la r fue l or 
technology type  [5, Para  3.3.5], thus the  continued  support for CCUS th rough the  
2010s. The  NIC concluded in  the ir 2018 asse ssm ent of nationa l in frastructure  [36], 
that CCUS wou ld  on ly becom e  use fu l for decarbon isa tion  of the  e lectricity 
gene ration  sector in  the  2040s and  beyond, when  the  decarbon isa tion  and 
adequacy of e lectricity gene ration  m ust a lready have  been  la rge ly ach ieved  to 
support decarbon isation  in  o the r sectors. A 2020 update  to  NIC’s ana lysis [42] 
proposes CCUS be  u tilised  with  b ioenergy to  generate  power at negative  em issions 
or produce  hydrogen . Crucia lly the  NIC pre sented  CCUS as an  option  for deploym en t 
a longside  RES capacity. 

5.4.6 The  Prim e Min iste r’s Ten Poin t Plan  of Novem ber 2020 included an  am bition  to  
deve lop "world-leading technology to capture  and store  harm fu l em issions away 
from  the  a tm osphere , with  a  targe t to  rem ove  10 m illion  tonnes of carbon  d ioxide  
by 2030." [24]. 

5.4.7 Until as recently as 2019, governm en t d id  not fore see  tha t CCUS would  m ake  any 
sign ificant contributions to  carbon reductions in  the  UK until the  2030s [12 p126, 40, 
41 p115] however recen t progress has been  m ade  in  the  deve lopm en t of industria l 
CCUS, including p lans to  captu re  up to 10m  tonnes of CO2 by the  end of th is decade  
[9, p17]. A separate  project p lans to  take  industria l European  CO2 and store  it (a lso  
unde r the  North  Sea), locking in  8m  tonnes each  year (0.2% of Europe’s 2017 
em issions), aga in  by the  m id-2020s [40]. The  com m on thread  be tween  these  
consortia  is  that they a re  led  by trad itiona l, in tegrated  o il m ajors, repre sen ting 
sign ificant capita l ava ilab ility, prior asse t ownersh ip  and  techn ica l expe rience : 
there fore , a  strong credib ility in  the ir approach , and , one  m igh t a rgue , a  critica l need 
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for success. However, in  aggregate , these  flagsh ip  European  pro jects repre sent le ss 
than  1% of Europe ’s 2017 CO2 em issions. A sign ificant p ipe line  of pro jects, 
com m ission ing in  incredib ly qu ick order, will be  needed for CCUS to  becom e  a 
sign ificant support to  decarbon isa tion  e fforts in  Europe  be fore  the  m id-2030s. CCUS 
is prom inen t in  the  Nationa l In frastructure  Strategy (2020), Ene rgy White  Paper 
(2020) and Industria l Decarbon isa tion  Strategy (2021). CCUS rem ains regarded  as 
e ssentia l for Net Zero , to  decarbon ise  d ispa tchable  power p lants, decarbon ise  
industry, produce  low-em issions hydrogen  and  de liver greenhouse  gas rem oval 
technologies. However such  bene fits will m ateria lise  if and  on ly if pro jects becom e 
opera tiona l in  tim e. Recogn ising that "the  technology has not been  de live red  at sca le  
and  sign ificant risks rem ain" gove rnm ent has com m itted  to: 

• Invest £1 b illion  to  bring forward  fou r CCS cluste rs by the  end  of the  decade , 
with  two to begin  construction  by the  m id  2020s; 

• Set an  am bition  to  captu re  10 m egatons of carbon  d ioxide  pe r year by 2030; 
and 

• Outline  fu rther de ta ils on  new business m odels and  revenue  m echanism s to 
a ttract private  sector investm en t. [3, p53]. 

Wave  / Tidal Power 

5.4.8 Wave  /  Tida l power has been  proposed  at seve ra l locations in  the  UK, a lthough wave  
technology deve lopm en t has experienced  both  cost and  ope rationa l cha llenges 
[43]. Early predictions on  fu tu re  ro llout of wave  /  tida l power showed varying leve ls 
of am bition , ranging from  0.5GW to  4.5GW by 2030 [36, p54]. Tida l power rem ains 
com plica ted  to consen t, and  expensive  to de live r, a  position  m ade  clear by 
governm ents’ re jection  of public funding for the  Swansea  Bay Tida l Lagoon  in  June  
2018 [44]. 

Nuclear Power 

5.4.9 Nuclear cu rrently provides the  la rgest capacity of d ispa tchable  low-carbon  power 
gene ration  in  GB and there fore  is an  incredib ly im portan t ope rational gene ration  
technology in  the  con text of decarbon isa tion . Nuclear has h istorica lly m et 
approxim ate ly 20% of GB dem and and because  the  existing nuclear flee t has been 
able  to  continue  opera ting beyond its origina l closu re  da te s, nuclear has until 
recen tly continued  to  gene rate  approxim ate ly a  one-fifth  share  of dem and. 

5.4.10 Existing nuclear is close  to the  end  of its  life . At the  da te  of subm ission  of th is report, 
th ree  Advanced Gas-cooled  Reactors (AGRs), Dungeness B (1GW), Hunte rston  B 
(1GW) and Hinkley Poin t B (1GW) have  closed  and  firm  closu re  da te s have  been  se t 
for a ll bu t 1.2 GW of nuclear capacity (Sizewe ll B, a  Pre ssu rised  Wate r Reactor (PWR) 
which  is not shown in  Figure  5.3). Heysham  1 and  Hartlepool will close  during 2024 
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(a lthough  operators EDF are  cu rrently considering a  “short” life  extension  subject to  
enginee ring and safe ty ana lysis) and  2.4GW (Heysham  2 and Torness) will close  by 
2028. Th is in form ation  is illu strated  in  Figure  5.3. 

Figu re  5.3: Ge n e ra t in g ca pa cit ie s  a n d  a n n ou n ce d  closu re  da t e s  fo r  e xis t in g UK 
AGR st a t ion s 

[Au t h or  a n a lys is  of d a t a  sou rce d  from  w w w .e d fe n e rgy.com ] 

5.4.11 Nuclear power has a ttracted  sign ificant governm ent a tten tion  over the  last decade , 
including p lans for 16GW of new bu ild  capacity by 2030, described  in  the  2013 
Nuclear Industria l Strategy [45].  

5.4.12 New nuclear deve lopm ents are  progressing. Hinkley Poin t C is currently unde r 
construction  and  other pro jects are  a t various stages of deve lopm ent. But it  is clear 
that new nuclear will not be  bu ilt ou t a t the  appropria te  ra te  and  sca le  so  to  a llow it 
to  con tinue  to  contribute  a  one-fifth  share  of GB dem and through the  2020s and 
in to  the  2030s. The  scale  of nuclear’s contribution  to  decarbon isa tion  beyond the  
2030s is a lso  cu rrently uncerta in , because  curren tly on ly Hinkley Poin t C is a  
confirm ed and funded deve lopm en t. Figure  5.4 charts pro jections of nuclear 
capacity out to  2050 based  on  cu rrent end of life  da te s for the  existing flee t as we ll 
as scenarios of new nuclear bu ild . 

5.4.13 Figure  5.4 shows that capacity from  current and  com m itted  new nuclear pro jects (a t 
the  tim e  of writing: on ly Hinkley Poin t C (HPC)) will reduce  from  now un til 2030. 
Withou t a  sign ificant and  im m edia te  drive  from  governm en t to  com m it to  further 
nuclear pro jects, nuclear capacity will rem ain  lower than  current leve ls until a t le ast 
2035, wh ich  is when  Sizewe ll C m ay com e  on line , (as is  described  m ore  fu lly in  the  
rem ainde r of th is Section ). There fore , a lthough  nuclear will p lay an  im portant ro le  
in  the  generation  of low carbon  e lectricity through  the  2020s, the  con tribu tion  it will 
m ake  to  ach ieving Ne t Zero  will be  lower in  each  year from  2024 un til a t le ast the  
m id  2030s than  the  contribu tion  it curren tly m akes. Th is gap  m ust be  m ade  up and  
the  Schem e  is part of the  so lu tion  to closing that gap . 
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5.4.14 Governm ent have  rem oved m any barrie rs to  nuclear deve lopm ent over the  last 
decade , including: site  se lection  (the  Nationa l Policy Statem en t for Nuclear Power 
Genera tion ); regu latory approval of reactor designs (the  Gene ric Design  Assessm en t 
(GDA) process); and  revenue  and  back-end cost ce rta in ty (the  Con tract for 
Diffe rence  (CfD), a  key e lem en t of the  2013 Electricity Marke t Re form , and  the  
Funded Decom m ission ing and Waste  Managem ent Plan ). The  Energy Act 2013 a lso  
crea ted  a  body corpora te , the  Office  for Nuclear Regu la tion  (ONR) to  regu la te , in  
Great Brita in , a ll nuclear licensed  site s. Governm ent is  curren tly progressing a  
Regu lated  Asse t Base  funding m ode l for se lected  nuclear pro jects and  in  Novem ber 
2022 com m itted  to  con tinue  to  support the  deve lopm ent of Sizewe ll C th rough 
deve lopm ent funding and  a  (currently) 50% stake  in  the  deve lopm ent, subject to  
fina l approvals. 

Figu re  5.4: Pro je ct ion s o f cu r r e n t  n u cle a r  ca p a cit y a s  e xis t in g s t a t ion s close  

[13, 18, 46, Au t h or  An a lys is , w w w .e d fe n e rgy.com ] 

5.4.15 These  policy in strum en ts clearly signa lled that the  UK was open  to nuclear business 
and  tha t it was now for com m ercia l en titie s to  bring new nuclear to  m arke t. The  
process wh ich  needs to  be  fo llowed however is ne ither easy, nor short. Nuclear 
pro jects have  long deve lopm en t and  construction  lead  tim es, as illustrated  in  the  
deve lopm ent tim e line  for the  Hinkley Poin t C pro ject whose  deve lopm ent sta rted in  
earnest in  the  la te  2000s and  is still under construction  and is curren tly forecast by 
its  deve loper, a  jo in t ven ture  be tween  EDF Energy and Ch ina  Genera l Nuclear (CGN) 
to com m ission  in  2027 with  the  risk of fu rther de lay asse ssed  at 15 m onths [118]) 
shown  in  Figure  5.5. 

5.4.16 Governm ent’s 2020 Energy White  Paper se ts the  scene  for further nuclear 
deve lopm ent in  GB and confirm s the  iden tification  of a  "RAB (Regu lated  Asse t Base ) 
m ode l [wh ich ] rem ains credib le  for funding la rge -sca le  nuclear pro jects" [9, p49]. 
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5.4.17 Another pro ject, Sizewe ll C (SZC), a lso  EDF/CGN, is currently progressing th rough 
deve lopm ent. A pro ject a im ing to bu ild  the  th ird and fourth  UK EPR, SZC m ay 
proceed  through  p lanning, consen ting and construction  m ore  rap id ly than  HPC, 
once  funding m echan ism s have  been  agreed . EDF have  sta ted  tha t: "the  [SZC] 
pro ject does not curren tly have  a  tim e line  ... a lthough  construction  work cou ld  
overlap  with  Hinkley Poin t C", and  that SZC "will take  9-12 years to  bu ild" (see  
h ttps:/ /www.edfenergy.com /ene rgy/nuclear-new-bu ild-pro jects/sizewell-c/about). 
In  Decem ber 2020 governm ent confirm ed tha t it  was to  en te r negotiations with  EDF 
in  re la tion  to  the  Sizewell C pro ject as it  considered  options to  m eet its  Energy White  
Pape r com m itm en t to  a im  "To bring at least one  large  sca le  nuclear pro ject to  the  
poin t of Fina l Investm en t Decision  by the  end  of th is Parliam ent [i.e . no la te r than  
May 2024], subject to  clear va lue  for m oney and a ll re levant approvals." [9, p16]. In  
Novem ber 2022, Gove rnm en t announced tha t it  wou ld  take  a  £700 m illion  stake  in 
Sizewe ll C and  so  wou ld  becom e  a  50% shareholde r in  the  pro ject’s deve lopm ent 
with  EDF.  Governm en t and  EDF will now work toge the r with  the  pro ject com pany to 
ra ise  capita l investm ent for the  pro ject [125].  

5.4.18 The  Nuclear Energy (Financing) Act form alise s the  applica tion  of a  Regu la ted  Asse t 
Base  financing m ode l for new nuclear construction . Royal Assent was ach ieved  in  
2022 and a llows for Sizewe ll C and  other pro jects to  secu re  funding support. 

5.4.19 SZC has previously been  predicted to  com e on line  in  the  early 2030s [47] but 
progress to  da te  and construction  pe rform ance  at Hinkley Poin t C poin t to  
com m ercia l ope ration  from  the  m id  2030s a t the  earlie st opportun ity. 

5.4.20 CGN have  taken  the  lead  on  the  Bradwe ll B pro ject. GDA on  the ir reactor design  
sta rted  in  2017, and  concluded successfu lly in  early 2022. No indications of in tended 
pro ject tim e lines have  been  published  by the  deve loper, however an  asse ssm en t of 
the  potentia l earlie st com m ercia l ope ration  da te  for th is reactor, based  on  
deve lopm ent durations of other pro jects, m ay be  in  the  la te  2030s, subject to  any 
requ irem en ts of the  Nationa l Security and  In frastructure  Investm ent Act 2021. 

Figu re  5.5: HPC Tim e lin e  

 
[Au t h or  a n a lys is ] 

5.4.21 Two other la rge-sca le  new nuclear pro jects have  fo lded  without securing agreem en t 
to  proceed . The  first to  be  abandoned was Moorside , Cum bria . Tosh iba  p lanned to 
deve lop three  Westinghouse  AP1000 reactors, com m ission ing from  2026 onwards. 
In  March  2017, the  fa ilure  in  the  US of two AP1000 deve lopm en ts wh ich  were  unable  
to keep  pace  with  tim e and cost schedu le s, cam e to  a  head . Th is d irectly re su lted  in  
Westinghouse  (a  Tosh iba-owned subsid ia ry) filing for Ch. 11 bankruptcy in  2017. 
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5.4.22 The  second abandonm ent was Wylfa  Newydd, Angle sey, Wales. Hitachi, the  parent 
owners of Horizon  Nuclear Power, were  deve loping a  pro ject to  construct and 
opera te  two Advanced Boiling Wate r Reactors (ABWRs). The  ABWR is not a  new 
reactor design : fou r Japanese  p lan ts have  a lready com m enced ope ration , and  m ore  
a re  under construction  in te rnationa lly. Critica lly, each  of the  com ple ted  reactors 
were  bu ilt in  le ss than  5 years. The  ABWR rece ived  its GDA in  la te  2017; secu red  
m any of the  necessary Environm ent Agency (EA) pe rm its th rough 2018; and 
com m ercia l d iscussions sta rted  with  Governm en t on  funding arrangem ents in  June  
2018. 

5.4.23 Horizon’s forecast com m ission ing da te  for Wylfa  rem ained a t or a round 2026 
throughout the  pro ject deve lopm ent process, however com m ercia l conversations 
with  Governm ent concluded withou t agreem en t in  January 2019, prom pting Hitach i 
to  announce  a  suspension  of the  pro ject under grounds of "econom ic ra tiona lity as 
a  private  en te rprise ." [48] Horizon  withdrew its applica tion  for DCO on  16th January 
2021, e ffective ly closing the  current chapter of potentia l nuclear deve lopm ent a t 
Wylfa , citing a  lack of "any de fin itive  proposa l" to  transfe r Wylfa  to  an  a lte rnative 
deve lope r. 

5.4.24 At the  tim e  of writing th is report, governm ent has been  reported  as d iscussing with  
deve lope rs the  very early stages of p lans to  build  the  AP1000 technology a t Wylfa . 
Following the  withdrawal of Hitach i’s DCO applica tion  however, the  earlie st possib le  
com m ission  da te  for new nuclear a t Wylfa  wou ld  now be  h igh ly un like ly be fore  the  
la te  2030s as any new proposa ls will e ffective ly be  starting a fresh . 

5.4.25 Governm ent rem ains com m itted  to  ensu ring all te chnologie s have  a  part to  p lay in  
the  fu ture  energy m ix, provid ing tha t they offe r va lue  for m oney for consum ers. 
Nuclear power cou ld  ach ieve  th is through  e ither the  de live ry of la rge r pro jects or 
Sm all Modu lar Reactors (SMRs). SMRs a im  for cost im provem en ts th rough the  
production  of m ultip le s of un its ra the r than  an  increase  in  sca le . 

5.4.26 Governm ent’s Industria l Decarbon isation  Stra tegy asp ire s to  have  the  first SMRs 
com m ercia lly deployed in  the  UK in  the  early 2030s, with  an  ope rationa l Advanced 
Modu lar Reactor (AMR) dem onstrator deployed a t the  sam e  tim e  [17, p73]. AMRs 
use  nove l cooling system s or fue ls and  m ay offe r new functiona litie s (such  as 
industria l process heat). The  ro ll ou t of subsequent next of a  kind  (NOAK) schem es 
wou ld  be  h igh ly con tingen t on  a  la rge  num ber of techn ica l, com m ercia l and  
environm enta l factors. Am erican  com pany NuScale  is a t the  front of the  globa l race  
to  deve lop  and  deploy SMR technology. NuScale  p lans its  first US SMR insta lla tion  
by 2030 [49], th ree  years la te r than  previously planned. BEIS requested  the  ONR and 
the  environm enta l regu la tors for England and  Wales to  begin  a  GDA for the  first SMR 
design  (from  Rolls Royce  SMR Lim ited) in  March  2022. The  GDA process has been  
open  for the  poten tia l of SMR applica tions since  2021 [9, p50]. 
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5.4.27 The  2020 Nationa l In frastructure  Stra tegy confirm s governm en t’s con tinued  support 
for the  deve lopm ent of nuclear technologie s th rough  the  provision  of funding to 
bring forward  la rge  sca le  and  sm all m odu lar reactors [3, p50], bu t the  stra tegy does 
not go  as far as to  indica te  a  ta rge t capacity for fu ture  nuclear technology, sta ting 
on ly tha t "governm ent is pursu ing large-sca le  nuclear pro jects, subject to  clear va lue  
for m oney for both  consum ers and  taxpaye rs and  a ll re levant approvals". 

5.4.28 Nuclear holds a  prom inent position  in  Governm ent's  British  Ene rgy Security Strategy 
[50], published  in  2022, and  which  is d iscussed  in  Section  8.9. 

5.5 Su m m a ry 

5.5.1 In  sum m ary, despite  recent com m itm en ts from  governm ent to  provid ing continued 
support for both  technologie s, ne ither nuclear power nor carbon  captu re  and 
storage  a re  like ly to  p lay a  sign ificant ro le  in  furthe ring decarbon isation  be fore  the  
2030s due  to  the  de live ry risk and  tim ing constra in ts associa ted  with  the ir 
deve lopm ent. The  im portan t bearing that decarbon isation  du ring the  2030s has on  
the  ach ievem ent of Net Zero 2050 is se t out in  Section  5.3. 

5.5.2 The  2019 BEIS consu lta tion  on  new nuclear financing [51] includes sta tem ents on  
forecast energy growth  and  the  im portance  of renewable  gene ration  (a longside  
nuclear) in  m eeting that dem and: 

Meeting Net Zero will require emissions from the power sector to be reduced to low 
levels and the deployment of nega tive emissions technology to offset emissions from 
those sectors tha t cannot be completely deca rbonised. It is likely tha t electricity 
demand will grow significantly by 2050 a s other sectors of the economy such as 
transport and hea t a re electrified, potentia lly nea rly doubling (or more) from today’s 
levels. To meet this increasing demand, whilst reducing emissions to low levels, there 
will need to be a  substantia l increase in low ca rbon genera tion – the Committee on 
Clima te Change estima te a  four-fold increase ma y be needed. This is a t a  time when 
seven out of eight of our existing nuclea r power plants – important contributors to our 
low ca rbon genera tion – a re due to come offline by 2030 a s they reach the end of their 
opera tiona l lives. As the cost of renewable technologies such a s sola r and offshore 
wind continues to fa ll, it is becoming clea r tha t they a re likely to provide most of our 
low ca rbon genera ting capacity in 2050. [51, p7] 

5.5.3 Governm ent’s current policy for m arke t-led deve lopm en ts of low-carbon  genera tion  
from  dive rse  sources of power, including so la r, to  m ee ting the  UK’s Ne t Zero lega l 
com m itm ents, is  critica l for success. 

5.5.4 While  the  door rem ains open  for nuclear power to  m ake  sign ificant con tributions to 
low-carbon  genera tion  in  the  m id/la te  2030s and  beyond, the  gap crea ted by the  
closu re  of the  existing nuclear flee t m ust be  filled  (as was d iscussed  in  Section  5.3). 
Additiona lly, the  risks associa ted  with  ach ieving financia l close  on  new nuclear 
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deve lopm ents and  the  long tim efram es associated  with  these  deve lopm ents, m ean 
that new nuclear cannot cu rrently be  re lied  upon to  de live r Net Zero. 

5.5.5 Fundable  and  de live rable  schem es, wh ich  use  proven  technologie s to  gene rate  low-
carbon e lectricity a t sca le , shou ld be  brough t forwards with  urgency to  m ake  
tangib le  and  e ssen tia l advances in  decarbon isation  in  the  near te rm . 

5.5.6 Solar power generation  has globa l m om entum  and la rge-sca le  schem es a re  a lready 
be ing deve loped in  GB. With  th is con text, the  a ttractiveness of so la r, a  proven 
technology which  will de live r sign ificant bene fits to  consum ers th rough 
decarbon isa tion , secu rity of supply and  a ffordability th is decade , becom es clear. The  
IPCC has stre ssed  the  im portance  of urgent action  to  decarbon ise  e lectricity 
gene ration , and  the  CCC have  reported  that the  UK needs to  com m ission  m ore  low-
carbon  gene ration , and m ore  qu ickly, to  m eet its  Net Zero  obliga tions. The  prom pt 
deve lopm ent and  deploym en t of proven technologie s, such  as so la r, is a  lower-risk 
pa thway for de live ring low-carbon  genera tion  both  now and for the  longe r te rm . 
Th is is  consisten t with  the  approach  described  by gove rnm ent in  draft Revised  NPS 
EN-1 which  articu lates the  prudence  of p lann ing in frastructure  deve lopm ent on  a 
conse rvative  basis, including for scenarios in  wh ich  the  fu tu re  use  of hydrogen  is 
lim ited. [1, Para  3.3.11] 

5.5.7 The  ro le  that so la r has p layed  in  decarbon ising GB’s e lectricity genera tion  to  da te  is 
clear from  Table  5.2. Solar has unde rgone  sign ificant technologica l advances in  sca le  
and  e fficiency, and  the  UK has m any areas of h igh  so la r irrad ia tion . It is  the re fore  
for GB to  m ake  best use  of th is natura l, renewable  ene rgy re source  in  order to  m eet 
its  lega l carbon  em ission  reduction  obliga tions. 

5.5.8 Solar gene rated  11.7TWh of energy in  2019. Th is increased  to  ove r 12.1TWh in  2020 
and 2021 genera tion  was 11.2TWh [Author ana lysis from  NGESO m arke t data ]: an  
im portan t and  re liab le  annual contribu tion  to  na tiona l dem and. Solar is  we ll p laced 
to  p lay the  ro le  that recen t governm ent papers have  ascribed  to  it: [3, p43], and 
Chapters 8 and 10 of th is report expand on  the  reasons beh ind  th is sta tem ent. 

5.5.9 This ana lysis is re levant to  The  Schem e , because  of the  im portance  of urgently 
bringing forward  sign ifican t capacities of de live rable  low carbon power with  
u rgency. Draft Revised  NPS EN-1 articu lates the  gove rnm ent’s pruden t view that 
in frastructure  deve lopm ent shou ld  be  p lanned on  a  conse rvative  basis [1, Para 
3.3.11], without ove r-re lying on  technologies wh ich  a re  ye t to  be  proven , have  long 
deve lopm ent lead-tim es, or wh ich  have  h istorica lly expe rienced  funding d ifficu ltie s. 

5.5.10 Solar gene ration  is needed in  the  UK to keep  us on  course  in  our fight aga inst clim ate  
change  precise ly because  it is a  fundable  and  de live rable  technology. The  Schem e 
shou ld  there fore  be  recogn ised  for the  critica l con tribution  it will m ake  to  the  UK’s 
journey to  Ne t Ze ro  and  consenting The  Schem e  such  tha t it  will be  ab le  to  be  
deve loped as p lanned, will b ring the  UK close r to  its  requ ired  track through  the  



 Sta tem en t of Need 
January 2023 

 
 

 
48 | P a g e  

 

critica l 2020s to  m eet its  lega lly b inding carbon  em issions reduction  ta rge ts. The  
de live ry tim ing associated  with  cu rrent forward  nuclear and  CCUS projections 
strengthen  th is conclusion . 

5.6 Bu ild in g a  gre e n  re cove ry 

As na tions move out of the shadow of coronavirus and confront the cha llenge of 
clima te change with renewed vigour, markets for new green products and services will 
spring up round the world. [9, p4]. 

5.6.1 Governm ent has consisten tly shown its com m itm ent th rough the  2020 COVID-19 
pandem ic, to  bu ild  back greener in  order to  tackle  clim ate  change  and stim ulate  
econom ic recove ry. Although  the  fight aga inst clim ate  change  requ ire s urgen t 
action , it  a lso  requ ire s susta ined  action  over a  long tim efram e , and  the  governm ent 
pu t forward  a  stra tegy of "bu ild  back stronge r" through "fa ire r, faste r, greener" 
investm ent [3]. Long-te rm  energy in frastructure  asse ts are  we ll p laced as a  focus for 
the  long-sigh ted  investm ents wh ich  will support a  green  recovery from  the  d ifficu lt 
e arly 2020s. The  Ene rgy White  Pape r pu ts in  place  a  stra tegy for the  wide r energy 
system  tha t: 

• Transform s energy, build ing a  cleane r, greene r fu tu re  for our country, our 
people  and  our p lane t; and 

• Supports a  green  recove ry, growing our econom y, supporting thousands of 
green  jobs across the  country in  new green  industrie s and  leveraging new 
green  export opportun itie s [9, p4]. 

5.7 En viron m e n t a l h e a lt h  a n d  p u b lic h e a lt h  a re  lin ke d  

5.7.1 Research  has uncovered  a  corre lation  be tween a ir pollu tion  leve ls and  risk of death  
. For exam ple , h igh  leve ls of fine  particu late  pollu tion  (generated  la rge ly from  fue l 
com bustion  from  cars, re finerie s, and  power p lan ts) has been  linked  with  risk of 
dea th  from  COVID-19 e .g. [52]. Establish ing th is link dem onstrates tha t bringing 
forward  decarbon isation  actions now, de livers bene fits in  the  sam e  tim efram e  and 
to those  who u ltim ate ly a re  paying the  cost of investm ent. The  a rgum en t that 
actions to  figh t globa l warm ing on ly increase  in te r-genera tiona l inequality, wh ich  is 
u sed  by som e  to  de lay m aking decarbon isa tion  decisions, wou ld  the re fore  lose  its 
edge . By reducing fine  particu la te  pollu tion  now through  provid ing the  e lectricity 
gene ration  to  decarbon ise  the  industria l and  transporta tion  sectors, a lm ost 
im m edia te  positive  health  e ffects can  be  brough t to  today’s citizens: a  d irect cost /  
bene fit re la tionsh ip wh ich  supports the  need  to  decarbon ise  with  u rgency. The  
Environm en t Act 2021 e stab lished  a  lega lly b inding duty on  governm ent to  bring 
forward  at least two new a ir qua lity targe ts in  secondary legisla tion , a  du ty wh ich  is 
curren tly in  the  process of be ing fu lfilled . 
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5.7.2 A study by the  Office  for Nationa l Statistics (ONS) was reported, in  August 2020, to  
have  found that "single -un it increase  in  pollu tion  exposure  over long te rm  m ay 
increase  [COVID-19] dea th  ra te  by up  to  6%" [53]. Findings from  the  UK and US, 
Ch inese  and  Dutch  studie s have  a lso  reached sim ila r conclusions. Replacing 
pollu ting industry with  clean  a ir industry, will he lp  keep  people  a live  both  now, and 
in  the  fu tu re . 

5.7.3 COVID-19 drove  carbon em issions down through  a  reduction  in  econom ic activity 
and  there fore  ene rgy requ irem en t. Many environm en ta l indica tors im proved during 
the  lockdown period . The  re start of econom ic activity, however cha llenged, leads to 
a  requ irem ent for m ore  positive  action  to  hold  ground and susta in  environm en ta l 
pe rform ance . The  deve lopm ent of green  in frastructure , like  so la r gene ra tion  asse ts 
wh ich  produce  low-carbon  power and  enable  b iodive rsity opportun itie s, pre sen ts 
an  exce llen t opportun ity to  de liver econom ic and  environm en ta l benefits both  as 
part of the  sam e  pro ject. 

5.8 Econ om ic a n d  socia l r e cove ry fo r  t h e  2020s  

5.8.1 In  June  2020, the  then  Prim e  Min iste r tasked the  UK to  "bu ild  be tte r and  bu ild  
greene r bu t a lso bu ild  faste r", saying that "the  UK would  lead in  m arke ts and 
technologies such  as Ne t Ze ro p lanes and  long-te rm  solu tions to globa l warm ing 
such  as so lar, wind , nuclear, hydrogen  and carbon capture  and  storage ." [20]. By Ju ly 
2020, governm ent had  com m itted  £350m  to  "supercharging green  recovery" [21]. 

5.8.2 The  CCC provided strong d irection  in  the ir m ost recent Progress Reports to  
Parliam ent [15, 54, 115], including evidence  of how a  range  of low-carbon  and 
clim ate  adapta tion  "green  stim ulus" m easures can  fu lfil both  short-te rm  and long-
te rm  needs a rising from  the  COVID-19 pandem ic [15, p15], and pa in t the  p ictu re  of 
an  opportun ity to  p ivot the  econom y to  long-te rm  environm en ta l so lu tions. A green  
lung, ra ther than  an  iron  lung, for the  UK. 

5.8.3 In  Novem ber 2020, in  an ticipa tion  of the  publica tion  of governm ent’s Energy White  
Pape r, Energy Min iste r (as he  was then ) Kwasi Kwarteng confirm ed that governm ent 
rem ained  com m itted  to dom estic and  in te rnationa l e fforts to  tackle  clim ate  change; 
and  expla ined  that gove rnm ent wou ld  "Bu ild  on  [the  new ene rgy white  paper in  
2021] to  de live r a  stronge r greener and  m ore  susta inable  econom y afte r the  
pandem ic ... re lying on  experts ... to  drive  forward  the  agenda  a long our pa th  to Net 
Zero" [55]. The  Prim e Min iste r’s Ten  Poin t Plan , part of a  broader £12bn  package  of 
public investm ent, p rovides furthe r evidence  tha t gove rnm ent rem ains focussed  on  
de live ring in  th is im portan t sector [56]. 

Fighting clima te change offers huge opportunity for both growth and job crea tion ... 
the time is now to seize these opportunities. [9, p2]  
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6 Future demand for electricity is growing 

6.1 Se t t in g t h e  sce n e  on  fu t u re  e le ct r icit y d e m a n d  grow t h  

[Government] expect[s] tha t demand for electricity is likely to increase, a s significant 
sectors of energy demand (such a s industry, hea ting and transport) switch from being 
powered by fossil fuels to using electricity. As a  result of this electrifica tion of demand, 
tota l electricity consumption ... could double by 2050. [5, Para  3.3.14]. 

Whilst no such projections of the UK’s future energy mix can be definitive, they 
illustra te the sca le of the cha llenge the UK is facing. [5, Para 3.3.21]. 

6.1.1 The  annual dem and for energy from  a ll sou rces in  GB in  2020 was 1,355TWh, with  
20% (272TWh) in  the  form  of e lectricity [116, Figu re  EC.02]. While  total GB energy 
dem and m ust reduce  sign ificantly by 2050, e lectricity dem and is expected  to grow 
as carbon-in tensive  sources of ene rgy are  d isp laced  by e lectrifica tion  of o ther 
industry sectors, or production  of non-carbon  ene rgy vectors by use  of e lectricity. 
The  annual NGESO Fu ture  Ene rgy Scenarios (FES) docum en ts provide  critica l 
in form ation  on  these  poin ts. 

6.2 Exp e r t  a n a lys is  o f t h e  e n e rgy se ct o r  o f t h e  fu t u re  

6.2.1 The  fu ture  characte ristics of GB’s e lectricity dem ands are  described through a  se t of 
possib le  scenarios deve loped (through  industry consu lta tion ) on  an  annual basis by 
GB’s Electricity System  Operator and  statu tory undertake r, NGESO. Th is annual 
publica tion  is ca lled  Future  Ene rgy Scenarios (FES), see  [116] for the  m ost recen t 
ve rsion . In  com ple ting the ir work NGESO look at a  num ber of inpu ts including 
legisla tion , policy, technology and com m ercia l drive rs. Consum er behaviour is a lso 
considered. On  the ir website , NGESO state : 

All our scena rios consider energy demand and supply on a  whole system basis, 
incorpora ting gas and electricity across the transmission and distribution networks. 
We continua lly develop a ll a spects of our Future Energy Scena rios process ensuring 
tha t the outputs a re a s rich and robust a s possible to provide a  sound reference point 
for a  range of modelling activities. 

This includes extensive stakeholder consulta tion and deta iled network ana lysis, which 
enables NGESO to identify stra tegic gas and electricity network investment 
requirements for the future. 
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6.2.2 FES publica tions go  back to  at least 2012 and are  ava ilab le  on  Nationa l Grid  ESO’s 
website ). The  speed  of decarbon isa tion  is a  key fea ture  in  each  edition  of the  FES 
since  2018, with  three  of the  fou r scenarios from  FES 2020, FES 2021 and FES 2022 
m ee ting the  2050 carbon reduction  targe t via  d istinct pathways, requ iring heavy 
investm ent in  e ithe r ene rgy e fficiency, or e lectricity decarbon isation , and/or new or 
enhanced  energy vectors. Energy vectors enable  ene rgy to  be  transported  or 
transm itted  and  then  converted  back in to  another form  of ene rgy for end  (or 
onward) use  (e .g. hydrogen). In  rea lity these  pa thways a re  not m utua lly exclusive , 
and  gove rnm ent and  industry are  currently pursu ing in itia tives wh ich  cover both . 

6.2.3 FES 2022 [116] recom m ends strategic whole  system  th inking. Th is m eans a  
considera tion  of a ll aspects of energy dem and and supply as an  in te rconnected  
system , rather than  th inking about e lectricity, transport or hea t separate ly. Strategic 
coordina tion  and whole  system  th inking, e specia lly be tween  the  e lectricity and 
hydrogen  sectors, is  requ ired  to ach ieve  decarbon isation  targe ts and de live r m ore  
e ffective  in itia tives to  figh t clim ate  change  while  m axim ising a ffordability. 

6.2.4 FES 2022 addresses de live ry of the  British  Energy Security Strategy and  concludes 
that it  requ ire s u rgent an ticipa tory investm ent to  ensu re  tha t the  energy system  is 
not a  b locke r to  Net Zero.  Whole  system  th inking, e specia lly across the  e lectricity 
and  hydrogen sectors, is  requ ired  to ach ieve  decarbon isa tion  ta rge ts and  avoid 
unm anageable  ne twork constra in ts and  potentia l cu rta ilm en t of va luable  low-
carbon  genera tion . 

6.2.5 This, coupled  with  a  fu rther increase  in  the  urgency of action  aga inst Clim ate  
Change , m an ife sts in  FES 2022 th rough  a  greate r em phasis on  in te rim  m ile stones 
such  as carbon-free  ope ration  of the  Nationa l Electricity Transm ission  System  by 
2035 and a  deepe r in sigh t in to how the  whole  energy system  works toge the r. 

6.2.6 FES 2022 includes four m ode lled scenarios. Two of the  four (Consum er 
Transform ation  and System  Transform ation ) m ee t the  Ne t Ze ro  targe t in  2050. A 
th ird , Leading The  Way, m eets Net Zero  in  2047. The  fourth  scenario  has been  
renam ed from  Steady Progression  (in  FES 2021) to  Fa lling Short (in  FES 2022), and 
on ly ach ieves em issions leve ls of 80% of 1990 leve ls by 2050 – the  origina l objective 
of the  Clim ate  Change  Act 2008, bu t not su fficien t to  secu re  Net Zero  2050. 

6.2.7 The  key observation  drawn from  FES 2022, is  that in  a ll lower-carbon fu tures, the  
e lectricity sector will no t opera te  in  iso lation  from  othe r ene rgy sectors. Rapid  
decarbon isa tion  is requ ired  across a ll a reas of dem and – including re sidentia l, 
transport, industria l and  com m ercia l. Deep e lectrification  of a ll o f those  a reas is 
requ ired  in  orde r to  m ee t Net Ze ro , and  NGESO concluded in  2022 that the  need for 
u rgent e lectrifica tion  has increased  year-on-year. 

  



 Sta tem en t of Need 
January 2023 

 
 

 
52 | P a g e  

 

6.2.8 FES 2022 re ite rates that e lectricity dem and will need  to increase  if Net Zero is to  be  
ach ieved , but crucia lly by m ore  than  previously has been  considered. 
Consequentia lly low-carbon  e lectricity supply will need  to  increase  fu rther to  m eet 
both  tha t dem and and anticipa ted  dem and for green  hydrogen, which  cou ld  be  
produced using renewable  e lectricity to  e lectro lyse  wate r with  no  carbon  em issions. 

6.2.9 2035 is a  critica l tim efram e for e lectricity supply to  ach ieve  Net Zero, provid ing a  
low-carbon  source  of power for the  substitu tion  of hydrocarbon fue ls in  o the r 
sectors. 

6.2.10 Figure  6.1 shows a  supe rposition  of UK e lectricity dem and forecasts from  FES 2012 
to 2021, each  forecast represented  as a  shaded area  ranging from  the  lowest 
forecast dem and scenario  to  the  h ighest scenario  in  each  year. Historica l dem and is 
shown as pu rp le  co lum ns. As e lectricity dem and reduced  year-on-year, so too  d id 
fu ture  dem and forecasts prior to  the  UK's 2019 com m itm ent to  Ne t Zero . UK 
e lectricity dem and in  2050 broadly conve rged  to  a  forecast range  of 350 to 400TWh. 
Since  the  Ne t Ze ro  com m itm ent, forecasts for fu ture  e lectricity dem and have 
increased  sign ifican tly. To h igh light th is, FES forecasts since  2020 have  been  shown 
in  b lue , with  the  2022 forecast bordered  in  dark b lue . Increased  e lectrifica tion  of 
transport, heat and industria l dem and is e ssentia l for the  ach ievem ent of Net Ze ro, 
and  is a  key drive r for the  increase  in  fu ture  e lectricity dem and. 

Figu re  6.1: Evo lu t ion  of UK e le ct r icit y d e m a n d  fo re ca s t s  2012 - 2022 

[116, a n d  p re viou s  pu b lica t ion s, 2012 - 2021] 

6.2.11 Figure  6.2 illu strates two of NGESO's 2022 Fu tu re  Energy Scenarios [116]. One  of 
these  m ee ts the  2050 em issions objective  (System  Transform ation); two other 
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scenarios (not shown) a lso  m eet the  objective ), and  the  o ther charted  scenario 
(Fa lling Short) does not. 

6.2.12 An im portan t deve lopm ent in  FES docum en ts since  2019, and  as a  d irect re su lt o f 
the  increasing u rgency of the  requ irem ent to  m ee t Net Zero, is  the  prom inence  of a  
hydrogen  econom y in  those  scenarios wh ich  m ee t the  2050 requ irem ent, a lthough 
hydrogen  has for a  long tim e  been  acknowledged as having poten tia l to  facilita te  
deep  and  broad  decarbon isation  by provid ing "d ifficu lt to  reach" sectors with  access 
to  zero carbon  fue ls. The  wide  range  of fu tu re  e lectricity dem and forecast shown in  
Figure  6.1 m ay be  expla ined  by the  extent to  wh ich  hydrogen is adopted  as a  low-
carbon  energy vector in  the  UK. 

6.2.13 The  re levance  of the  hydrogen econom y, and  the  potentia l for hydrogen to  p lay an  
increasingly im portant ro le  in  the  ene rgy ecosystem  of the  fu ture , is  the re fore  two-
fo ld  for the  deve lopm en t of The  Schem e because  the  increasing use  of hydrogen  as 
a  low-carbon ene rgy vector will requ ire  an  increased production  of hydrogen, and 
an  increase  in  the  dem and for e lectricity to  produce  that hydrogen  withou t carbon 
em issions. In  rea lity there fore  the  need  for low carbon  e lectricity gene ration  
capacity is, based on  currently known and de live rable  technologies, independen t of 
the  sca le  of adoption  of hydrogen  in  the  UK. 

6.2.14 For m ore  in form ation  see  Section  11.4. 

Figu re  6.2: NGESO sce n a r ios , sh ow in g t h e  im p or t a n ce  o f a  w h o le -socie t y 
a p p roa ch  t o  d e ca rb on isa t ion  a n d  low  ca rb on  e le ct r icit y ge n e ra t ion  

 

[116, Figu re s  NZ.09] 

6.2.15 The  m ost recent FES [116] brings toge ther fu tu re  ope ration  of existing generators, 
and  fu tu re  trends in  the  dem and for energy, to  conclude  tha t: 
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• Net em issions from  the  power sector like ly m ust be  nega tive  from  the  early 
2030s to  ach ieve  Net Zero; 

• Hydrogen  and  carbon  capture  and  storage  are  like ly to  be  requ ired  to  ach ieve  
Ne t Ze ro , with  m ore  than  30TWh of e lectricity dem and requ ired  by 2040, and 
in  excess of 112TWh by 2050, for hydrogen  production  [116, Table  WS1]. Th is 
is  like ly sign ificantly to  increase  the  need  for low-carbon e lectricity gene ration  
over and  above  that needed to  m eet o the r growth  in  e lectrifica tion; and  

• Solar genera tion  is, based  on  current econom ics, like ly to  be  one  of the 
cheapest source (s) of e lectricity in  both  the  2020s and  2050 energy m ix. A 
d ive rse  m ix of low-carbon  gene ration  will be  requ ired to  m eet na tiona l 
decarbon isa tion  targe ts. 

6.2.16 In  March  2020 the  Energy System s Catapu lt (ESC) published  the  Innovating to  Ne t 
Zero report wh ich  sum m arised  the  re su lts of an  update  to  the ir na tiona l Energy 
System  Mode lling Environm ent (ESME) [18]. The  a im  of the  ana lysis was to  consider 
potentia l pa thways to  2050 to  support the  iden tification  of technologie s, products 
and  se rvices wh ich  will be  m ost im portan t to  ach ieving the  Ne t Zero targe t. The  ESC’s 
ana lysis provides a  usefu l independen t ana lysis of the  trends described  in  the  FES 
and there fore  provides use fu l confirm ation  of som e  poin ts, wh ile  drawing d iffe rent 
conclusions on  o the rs. The  ESC’s ana lysis adds breadth  and  depth  to  the  consensus 
of how best to  ach ieve  the  Ne t Ze ro  ta rge t. Other profe ssiona l organ isa tions a lso 
share  the ir views of fu tu re  dem and and these  a re  d iscussed  in  Section  6.3. 

6.3 Fu t u re  e le ct r icit y d e m a n d  

6.3.1 In  the  1990s and  early 2000s, GB e lectricity dem and has grown  on ly slowly, but since  
2005 has fa llen . Th is trend  in  underlying dem and reduction  re flects three  drivers: 

• A decline  in  econom ic growth  rate  (particu larly with  the  recession  of 2009); 

• A reduction  in  the  leve l of e lectricity in tensity as the  econom y has sh ifted  to 
le ss energy-in tensive  activities; and 

• The  in troduction  of energy e fficiency m easures, e specia lly m ore  e fficien t 
ligh ting with in  the  last seven  years, bu t a lso technology deve lopm ent m ore  
gene ra lly. 

6.3.2 Today’s view of fu ture  GB e lectricity dem and rem ains unce rta in , partly as a  re su lt o f 
the  COVID-19 pandem ic and  ongoing econom ic cha llenges, but in  the  fu ture  
e lectricity dem and is forecast to  grow, for the  sam e  reasons as those  sta ted  in  the  
2011 NPS docum en ts: 

• The  switch ing of sources of fina l-use  power for heating and  transport from  
carbon-in tensive  sources to  e lectricity, the  gene ration  of wh ich  can  be  
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decarbon ised  using technologie s a lready availab le  today, will pu t upward 
pre ssure  on  dem and, however ongoing im provem ents on  the  e fficiency of 
household  e lectrica l appliances is an ticipated  to  act in  the  other d irection; 

• The  least-cost ene rgy e fficiency m easures, such  as in troduction  of low-voltage  
LEDs for ligh ting, have  now been  im plem ented  across business and  dom estic 
sectors; and 

• Econom ic re structu ring in  GB away from  m anufacturing to  a  se rvice -based  
econom y has la rge ly occurred, however the  growth  of new h igh-technology 
and  h igh ly skilled  m anufacturing, both  contributing to  nationa l econom ic 
growth  and  prospe rity, is  like ly to  p lace  additiona l pre ssure s on  the  e lectricity 
sector. 

6.3.3 These  obse rvations are  consisten t with  those  m ade  by NGESO in  the ir 2020 – 2022 
FES publications. Of the  four scenarios in  these  docum en ts, on ly one  (previously 
nam ed “Steady Progression”) does not m ee t Ne t Ze ro  and  is now nam ed “Falling 
Short.” 

6.3.4 There  are  m any expert pro jections of GB e lectricity dem and in  2050, and  the  
m ajority of forecasts are  for it  to  increase  (from  today’s leve l of circa 300TWh). The  
am oun t by wh ich  they increase  varie s according to  the  leve l of decarbon isation  of 
non-energy sector dem and, and  the  source  of tha t decarbon isation . For exam ple  
(see  Section  11.4) hydrogen  is an  im portan t energy vector wh ich  m ay be  ab le  to  he lp 
decarbon ise  hard  to reach  sectors of transport, space  heating and  heavy industry. 
Off-grid hydrogen production  wou ld  requ ire  the  gene ration  of low-carbon  power, 
bu t th is wou ld  be  counted  ou tside  of the  transm ission  system  dem and pro jections 
for 2050 (i.e  in  addition  to  the  va lues pre sen ted in  the  fo llowing list): 

• The  Nationa l Policy Sta tem en ts fore saw a  doubling of cu rrent dem and [5, Para 
2.2.22], i.e . to  circa 600TWh; 

• NGESO present a  range  from  565 – 716TWh [116, Table  ED1]; 

• The  Nationa l In frastructu re  Com m ission  forecasts 465 – 595TWh [42, p35]; 

• The  Energy System s Catapu lt forecasts 525 – 700TWh [18, pp23 & 27]; 

• The  Q4 2020 EY Power Price  Ou tlook for GB forecasts 485TWh [EY Consu lting 
forecast]; 

• The  CCC’s sixth  carbon  budge t presents a  range  from  550 – 680TWh [4, Table  
3.4.a ]; 

• The  BEIS im pact asse ssm ent for Carbon  Budget 6 (CB6) presents a  range  from  
610 – 900 TWh [57, p29]; and  
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• The  2020 Ene rgy White  Pape r pre sen ts a  range  from  575 – 665TWh [9, p42]. 

6.3.5 The  ESC unde rpins its  scenarios with  the  prem ise  that "Net Zero requ ire s switch ing 
to low carbon technologie s whereve r we  can" including hard-to-treat activitie s as 
we ll as carbon  sequestra tion . Critica lly the  ESC conclude  tha t Ne t Ze ro  requ ires 
socie ty-wide  adoption  of low-carbon  heating and  transport technologie s as we ll as 
con tinu ing to  drive  "upstream " changes in  the  e lectricity m ix and  reduced  energy 
use  in  industry [18, p5]. 

6.3.6 In  the  ESC scenarios, popu lation  growth  and  socie ta l habits drive  underlying 
dem and growth , with  e ithe r centra lised  or socie ty-led  decarbon isation  supporting 
the ir dem and forecasts. Industria l dem and overa ll is forecast to  decrease  by 
be tween  20% and 30% due  to  a  m ove  away from  ene rgy-in tensive  industry and  an  
adoption  of ene rgy e fficiency m easures whereve r possib le . 

6.3.7 Further sim ila rities be tween  the  ESC report and  the  FES are  that a  hydrogen  
econom y m ust be  created  to decarbon ise  h itherto  "hard  to  reach" end  uses; the  
production  of hydrogen  through  e lectro lysis will increase  e lectricity dem and; and 
the  transport sector, wh ich  a lso  requ ire s fundam enta l transform ation , will need  to 
be  a  strong adopter of hydrogen  (for heavier fre ight) if em issions a re  to  fa ll. Othe r 
forecasts are  close ly a ligned  with  these  views. 

6.3.8 However it rem ains prudent to  p lan  on  a  conserva tive  basis to  ensure  that the re  is 
su fficien t supply of e lectricity to  m eet dem and across a  wide  range  of fu ture  
scenarios, including where  the  use  of hydrogen is lim ited . 

6.4 Tra n sp or t  

6.4.1 Surface  transport is  currently the  la rgest source  of UK greenhouse  gas em issions 
(su rface  transport accounted  for 22.6% of 2020 em issions, [115,Executive  Sum m ary 
Data  Table s). Em issions rebounded by 10% in  2021 as lockdown re strictions were  
lifted . A rapid  sh ift to  low em ission  veh icle s will give  a  sign ificant boost to  the  
decarbon isa tion  of ou r econom y. 

6.4.2 Growth  in  the  use  of e lectric veh icle s (EVs) is expected  to  create  sign ificant new 
dem ands on  the  supply of e lectricity. The  UK governm ent has proposed  a  ban  on  
the  sa le  of a ll new pe trol and  d ie se l veh icle s to  be  e ffective  from  2030 [56], bringing 
fu rther forwards a  prior ind ication  of 2035. The  then  Prim e  Min iste r’s Novem ber 
2020 announcem en t, confirm ed a longside  a  ban  on  sa le s of new hybrid  veh icle s by 
2035 with in  the  Ene rgy White  Pape r [9, p92] brought em erging governm ent policy 
m ore  in to  line  with  the  CCC’s la te st recom m endation : that the  da te  for phasing out 
pe tro l and  d ie se l cars and  vans (including hybrids) shou ld  be  brough t forwards to 
no la te r than  2032, with  EVs supported  by de ta iled  policy a rrangem en ts to  be  ab le  
to  fill the  light transport gap  th is wou ld  create  [15, p19]. Innovation  is bringing 
a ffordable  and  h igh ly desirab le  low em ission  priva te  road  veh icles to  m arke t, with  
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a lm ost eve ry m ajor brand now sporting a  fu lly e lectric m ode l, and EV costs are  
reducing. In  Septem ber 2020, m arke t fron trunne rs TESLA unve iled  a  new EV ba tte ry 
design  which  "will enable  the  com pany to produce  a  $25,000 e lectric car in  the  next 
three  years" [58]. 

6.4.3 The  UK has pu t leadersh ip  of transport revolu tion  a t the  heart of its  Industria l and 
Clean  Growth  strategie s, with  investm ent be ing d irected  in to  e lectric veh icle  
m anufactu ring, ba tte ry m anufactu ring and  grid  recharging poin ts. In  la te  June  2020, 
the  then  Prim e  Min iste r com m itted  to  backing the  vision  of the  UK becom ing a  globa l 
leade r in  deve loping ba tte rie s for e lectric vehicle s [20]. Specifica lly, com m itm en ts 
were  m ade  to: 

• Make  funding ava ilab le  in  2020 to attract investm ent in  "gigafactorie s", wh ich  
m ass produce  batte ries and  other e lectric veh icle  com ponen ts, enabling the  
UK to lead  on  the  next gene ration  of au tom otive  technologie s; 

• Make  £10m  of funding im m edia te ly ava ilab le  for the  first wave  of innovative  
R&D projects to  sca le  up  m anufactu ring of the  la te st technology in  batte rie s, 
m otors, e lectron ics, and  fue l ce lls, and  nearly £500m  for ba tte ry m anufacture  
in  the  UK; and 

• Provide  additiona l funding to  a llow in itia l site  p lann ing and prepara tion  to 
progress for m anufactu ring p lants and  industry cluste rs, with  sites under 
considera tion  across the  UK, form ing part of the  gove rnm ent com m itm ent to  
spend up to £1bn to a ttract investm en t in  e lectric veh icle  supply cha ins and 
R&D to  the  UK. [59, 60] 

6.4.4 These  com m itm ents cam e  on  top  of the  over £1bn  provided  a t the  Spring Budget 
2020 to  support the  ro llout of u ltra -low em ission  veh icle s in  the  UK via  support for 
a  super-fast charging ne twork for e lectric veh icles, and extension  of the  Plug-In  
Gran t schem es. In  la te  Ju ly 2020, the  Mayor of London  jo ined  with  loca l u tilities to  
announce  funding of £1.5bn  for in frastructure  work, including upgrading u tility 
supply ne tworks and  boosting the  EV charging in frastructure  across the  capita l [61]. 

6.4.5 The  governm en t regards EVs as a  critica l new technology, vita l in  the  figh t aga inst 
clim ate  change . The  com m itm ents listed  above  a re  evidence  tha t the re  is strong 
politica l support for the  rap id  deve lopm ent and  ro llou t of EVs, and  with  that will 
com e  additiona l e lectricity dem and. EVs are  predicted  to  p lay a  m ajor part in  the  
fu ture  GB e lectricity m ix because  of the ir energy dem and requ irem en ts (m oving 
from  fossil fue ls to  clean  e lectricity) and  poten tia lly a lso  the ir e lectricity storage  
capabilitie s. Ofgem  have  announced a  p lan  to  "Enable  drive rs to  go  e lectric by 
supporting an  ene rgy ne twork that can  power 10 m illion  e lectric veh icle s by 2030" 
[62, p7] and  anticipa te  that the  num ber of e lectric veh icle s on  UK roads m ay grow 
from  320,000 a t June  2020 [9, p93] to  46 m illion  by 2050 [62, p4]. The  FES suggests 
a  m ore  conserva tive  num ber, due  to  trends to  share  cars and  increase  m ileage  pe r 
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car to  ach ieve  Ne t Ze ro , with  scenarios ranging from  20 to  33 m illion  in  2050, but in  
a ll increasing annual e lectricity dem and by approxim ate ly 100TWh [13, Tables 
CV.31–35]. 

6.4.6 The  Socie ty of Motor Manufacturers and  Traders reported  a  49% increase  in  Batte ry 
Electric Veh icle  (BEV) registra tions in  the  UK in  the  year-to-date  (end  August-22) 
ve rsus the  sam e  period  last year, and  over 14% of a ll new veh icle  purchases in  the  
UK in  August-22 year-to-date  were  BEVs. Ongoing grants (ava ilab le  until a t le ast 
March -23) and  cheape r runn ing costs a re  an ticipa ted  to  continue  to  push  EV m arke t 
share  over the  com ing years. [Socie ty of Motor Manufacturers BEV Sale s August 
2022]. 

6.4.7 Governm ent is facilita ting the  adoption  of e lectricity in to  transport th rough its 
Electric Veh icle  In frastructu re  Stra tegy (March  22) [64] wh ich  se ts ou t the 
expectation , by 2030, of there  be ing around 300,000 public chargepoin ts as a  
m in im um  in  the  UK [up  from  just 30,000 in  the  first quarte r of 2022], bu t there  
potentia lly be ing m ore  than  double  that num ber, de livering “Effortle ss on  and  off-
stree t charging for priva te  and  com m ercia l drive rs” [64, pp4&5].  

6.4.8 Hydrogen is we ll p laced to  he lp  decarbon ise  hard-to-reach  sub-sectors of transport 
(particu la rly larger, long-hau l, road  fre ight veh icles) and  is m aking tangib le  steps 
towards m ainstream  use  in  th is and  o the r transport sub-sectors. In  Septem ber 
2020, the  first UK tra in  journey was powered  by hydrogen . In  the  sam e  m onth , the  
m aiden  flight by a  hydrogen-powered  com m ercia l ae roplane  was m ade  [65, 66]. 
Direct annual e lectricity dem and in  2050 for road  transport (i.e . incorporating on ly 
EV dem and) cou ld  be  90 – 123TWh in  scenarios wh ich  m eet Net Ze ro [116, Table  
WD1]. Th is pro jection  is consisten t with  previous pro jections from  2019, 2020 and 
2021 [35, Table s CV.23–26], [67, p77] and [68, p12], and  [13, Table s CV.31-33]. The  
use  of hydrogen  in  ra il and  a ir transport (with  the  consequen tia l e lectricity needs to 
provide  that hydrogen) will increase  these  e stim ate s even  furthe r. 

6.4.9 To support e fforts in  the  decarbon isation  of heavy-duty transport, gove rnm ent have  
p ledged to  invest £20 m illion  in  2021 in  fre ight tria ls to  p ioneer hydrogen  and  other 
ze ro em ission  truck technologie s; and  £120 m illion  in  2021/22 to start the  de live ry 
of 4,000 zero  em ission  buses. [9, p94]. 

6.4.10 The  ESC scenarios a lso  fore see  the  decarbon isation  of transport as a  m ajor 
in fluence  on  fu ture  e lectricity needs, an ticipa ting approxim ate ly 35 to  40 m illion  
ba tte ry EVs on  the  roads by 2050 and on ly sm all num bers of Plug-in  hybrid  e lectric 
veh icle s (PHEV) or hybrid  veh icle s rem ain ing ope rationa l. Hydrogen  is an ticipa ted  by 
the  ESC to be  the  m ajor fue l for heavy transport. [18, pp22 & 25]. 



 Sta tem en t of Need 
January 2023 

 
 

 
59 | P a g e  

 

6.5 Hom e  a n d  sp a ce  h e a t in g 

6.5.1 Reducing dependency on  na tura l gas and  the reby reducing carbon  footprin t fu rther, 
requ ire s gas to  be  substitu ted  from  hom e  and industria l /  com m ercia l heating, 
cooking and  wate r hea ting. 

6.5.2 The  long-te rm  need  to  d iversify to low-or ze ro-carbon  hom e  and industria l /  
com m ercia l hea ting, cooking and hot water will increase  dem ands for e lectricity on  
the  NETS. Gas will be  e ither d irectly substitu ted  th rough e lectrifica tion , or indirectly 
using e lectricity to  produce  hydrogen or by o the r renewable  technologie s. 

6.5.3 Coupled  with  gove rnm enta l p lans for new hom es in  England, Wales and  Scotland , 
e lectrifica tion  of hom e  and space  hea ting will increase  GB's dem and for e lectricity. 
For eve ry household  tha t is  supplied  with  e lectricity, an  average  additiona l burden  
of approxim ate ly 3.8MWh per year cou ld  be  p laced  on  the  grid  [69] and  m ore  as gas 
use  in  hom es is substitu ted  for e lectricity as suggested . In  2019, re search  by Hom es 
for Scotland  revea led  tha t a  furthe r 25,000 hom es a re  needed each  year to  keep  up  
with  housing dem and and recogn ised  a  backlog of 80,000 hom es created  by a  
shortfa ll in  the  supply of housing since  2008 [70]. The  need  for new hom es in  Wales 
has been  e stim ated  a t 7,300 new hom es per year to  2024, reducing to  4,500 per year 
to  2039 [71]. Estim ate s have  put the  num ber of new hom es needed in  England at up  
to 345,000 pe r year, accoun ting for new household  form ation  and a  backlog of 
existing need  for su itab le  housing [72]. Pro jections there fore  im ply a  potentia l 
additiona l increase  in  e lectricity dem and in  Grea t Brita in  of a t le ast 41TWh per year 
by 2050. 

6.5.4 The  then  Prim e  Min iste r announced in  Novem ber 2020 h is in ten tion  to  bring 
forwards, to  2025, the  da te  by wh ich  new hom es will need  to  be  warm ed without 
u sing gas hea ting [24]. Even  if GB is cu rrently ab le  to  m eet its  curren t e lectricity 
needs and renewable  genera tion  ta rge ts now, it will be  ve ry d ifficu lt, if not 
im possib le , to  do so in to the  m edium  and long te rm , withou t the  deploym ent of 
sign ificant capacities of new low- or zero-carbon  gene ration . 

6.5.5 The  ESC anticipa te s a  hybrid  approach  to  hom e  and space  heating, with  e lectric heat 
pum ps be ing insta lled  in  therm ally e fficien t hom es, and  hydrogen  or e lectricity 
provid ing heating for peak periods and/or co ld  spe lls. These  m easures a re  a lso 
included in  the  Energy White  Pape r: governm ent a im s to increase  the  rate  of 
in sta lla tion  of e lectric hea t pum ps from  30,000 pe r year to  600,000 per year by 2028; 
and  will consu lt on  whe the r it is  appropriate  to  end  gas grid connections to  new 
hom es, to  open  the  m arke t of hom es not on  the  gas grid  to  hea t pum ps or o ther 
clean  energy a lte rnatives, represen ting som e  50,000 to  70,000 insta lla tions a  year 
[9, p110]. The  British  Energy Security Stra tegy a im s to  ensu re  that by 2050 a ll UK 
bu ild ings will have  low-carbon  hea ting, and reconfirm s Governm ent's  in ten t to  
phase  out the  sa le  of new and rep lacem ent gas boile rs by 2035. [50, p12]. 
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6.5.6 Whilst District Heat system s are  an ticipated  to captu re  process heat from  therm al 
power p lan ts, in  the  con text se t ou t in  th is report, critica lly these  hea t producing 
asse ts will need  to be  low carbon them se lves, linking back to  an  increase  in  
e lectricity dem and th rough  carbon capture  and/or hydrogen e lectro lysis: the  
increasingly critica l energy vector [15, pp21 & 24]. 

6.6 Fu t u re  p e a k  e le ct r icit y d e m a n d  

6.6.1 The  fu ture  da ily profile  of e lectricity dem and is le ss easy to forecast, bu t e stim ated  
peak dem and rem ains a  key de te rm inan t of requ ired  in sta lled  gene ration  capacity. 

6.6.2 Figure  6.3 illu stra te s the  potentia l peak dem and for GB power (using NGESO’s 
Average  Cold  Spe ll m e thodology) to  2050. In  the  four scenarios, peak dem and is 
an ticipa ted  to  range  be tween  62.7GW and 68.4GW by 2030 (for com parison , 2021: 
58.8GW); be tween 85.5GW and 107.1GW in  2040, and  be tween  97.5GW and 
114.3GW in  2050 [116, Table  FL.04]. Despite  the re  be ing anticipa ted  to be  a  drop  in  
peak dem and un til 2025 in  m ost scenarios, a ll scenarios show an  increase  in  peak 
dem and the reafte r, driven  by underlying industria l and  com m ercia l dem and growth  
and  the  e lectrification  of heating and  transport. 

Figu re  6.3: Fu t u re  n e t  p e a k  e le ct r icit y d e m a n d  

[116, Figu re  FL.04] 

6.6.3 EVs and hydrogen  veh icles requ ire  the  deploym ent of additiona l e lectricity 
gene ration  capacity and  m ay a lso  act as in tegra tion  m easures for renewable  and 
base load  gene ra tion , capable  of sh ifting load  from  when dem and is h igh , to  pe riods 
where  supply is h igher. In itia lly, system  peak dem and was expected  to  reduce  in  the  
fu ture , with  Veh icle -to-Grid  (V2G) technologie s working a longside  enorm ous 
na tiona l-leve l batte rie s, he lp ing keep  peak e lectricity dem and down as we ll as 
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provid ing incom e for veh icle  owners. More  recently, NGESO (in  particu la r) have  
updated  the ir ana lyses to  incorporate  consum er behaviour, noting tha t m any cars 
will be  on  the  road  re tu rn ing ch ildren  from  school and  worke rs to  the ir hom es, 
du ring peak pe riods. V2G is less like ly to  be  a  sign ificant contribu tor to  peak dem and 
shaving than  previously thought. Tesla ’s Elon  Musk a ligns with  NGESO’s th inking: 

Vehicle-to-grid sounds good but I think actua lly has a  much lower utility than people 
think ... Very few people would actua lly use vehicle-to-grid capabilities ... in pa rt 
because ca rs a re not plugged in constantly. [58]. 

6.6.4 Ofgem  announced a  new Strategic Innovation  Fund in  August 2021. The  £450M fund 
is be ing deployed ove r five  years as part of the  regu lated  price  contro ls for the  
e lectricity system  ope ra tor, and for the  ne twork com pan ie s wh ich  opera te  GB’s 
ene rgy ne tworks. The  fund, and  its  sou rce , fu rther signa ls the  sign ificant and 
im m inent changes required  to  continue  the  journey to  Ne t Zero. Ofgem  have  sta ted 
that the  fund will he lp  GB "find  greene r ways to  trave l, and  to  heat and  power Brita in  
a t low cost. Brita in ’s ene rgy in frastructure  will p lay a  p ivota l ro le  in  cu tting Net Ze ro 
greenhouse  gas em issions". Growth  in  e lectricity dem and th rough the  e lectrification  
of hea t and  transport, and  the  in troduction  of versatile  ene rgy vectors, such  as 
hydrogen , wh ich  will be  produced with  the  he lp  of low-carbon e lectricity gene ration  
capacity, to  decarbon ise  industry and  hard-to-reach  sectors, is  certa in . An  increase 
in  the  com plexity of e lectricity – and energy – system  ope ration  is like ly, bu t m ust be  
overcom e in  order to  m eet Ne t Zero. The  Strategic Innovation  Fund, and  othe rs like  
it, will work to  ready our energy ne tworks for the  growth  in  low-carbon  genera tion  
requ ired  to  m eet fu tu re  e stim ates of e lectricity dem and. 
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7 Implications for future electricity supply needs 

7.1 Se t t in g t h e  sce n e  on  fu t u re  e le ct r icit y su p p ly 

7.1.1 To enable  the  Ne t Ze ro  transition , the  power gene ration  sector m ust both  increase  
in  capacity and  reduce  in  carbon  in tensity on  an  unprecedented  sca le . 

[Meeting a  possible doubling of electricity demand by 2050] would require a  four-fold 
increase in clean electricity genera tion with the deca rbonisa tion of electricity 
increasingly underpinning the delivery of our Net Zero ta rget. [9, 42] 

We a re not ta rgeting a  pa rticula r genera tion mix for 2050 ... The electricity market 
should determine the best solutions for very low emissions and reliable supply, a t a  
low cost to consumers. [9, 42] 

New low ca rbon capacity is needed over the next decade and renewables can deliver 
this. As the [Na tiona l Infra structure] Commission a rgued in the first Assessment, due 
to current plant retirements, in the 2020s there will be a  gap in electricity genera ting 
capacity, tha t needs to be filled. It must be the ca se tha t low ca rbon genera tion fills 
this gap. Given their short lead times, renewables a re idea lly placed to do this ... It 
therefore makes sense for government to take action to deploy renewables now. [42, 
p10]. 

7.2 Fu t u re  e le ct r icit y su p p ly 

7.2.1 Each FES scenario  deve loped by NGESO describes a  possib le  way that the  ene rgy 
system  m ay deve lop , based  on  a  forecast of dem and and the  im pact of governm en t 
policy on  gene ration  m ix. The  scenarios do  not ind ica te  forecasts of confirm ed and 
consented  genera tion  capacitie s, nor do  they seek to im ply or im pose  restrictions 
on  the  capacities of gene ration  of particu lar technologie s wh ich  m ay be  requ ired  or 
m ay be  de livered. The  FES scenarios there fore  do  not im ply a  requ irem en t for 
particu la r gene ration  technologies, and nor can  the ir datase ts sensib ly be  
d isaggrega ted  to  indicate  need  for a  single  generation  technology with in  a  fu ture  
system  scenario. 

7.2.2 In  the  context of Ne t Zero, the  FES are  a  use fu l su ite  of docum ents to  indica te  
whether particu la r fu tu re  pathways for e lectricity gene ration  will be  successfu l 
aga inst a  nationa l policy pe rspective . Trends in  the  da ta  he lp  identify wh ich  
pa thways are  m ore  like ly to be  successfu l than  o the rs in  ach ieving Net Zero, and  th is 
includes indications of the  re lative  con tribution  of (the re fore  re lated to need  for) 
d iffe rent gene ration  technologie s. While  the  need  for m ore  generation  capacity to 
be  bu ilt has been  a  consisten t them e since  the  first FES was published  in  2012: 

It is for industry to propose new energy infra structure projects within the stra tegic 
framework set by government. [5, Para  3.1.2]. 
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7.2.3 Further, once  pro jects are  identified  and  en ter a  deve lopm en t phase , the ir inclusion  
with in  the  p lann ing system  does not a lso  indicate  a  com m itm en t by or obliga tion  on  
the  Applicant to  de live r that pro ject a t a ll, o r if it  does, a t a  particu lar genera tion  
capacity. 

7.2.4 Analysis of the  CfD Registe r [73] shows tha t 34 pro jects with  CfDs have  e ither 
registe red a  reduction  to  the  capacity of the  CfD Unit or have  had  the ir CfD 
te rm inated. They are : 

• Offshore  wind: 10 pro jects, 99MW reduction  (1% of tota l technology in itia l 
an ticipa ted  in sta lled  capacity under CfD); 

• Onshore  wind: 12 pro jects; 69MW (9%); 

• Biom ass / Waste  / CHP pro jects: 4 pro jects, 150MW (10%, of wh ich  3 pro jects 
(135MW) were  te rm ina ted); 

• Solar PV: 3 pro jects, 16MW (41%, 1 pro ject (12MW) te rm inated); 

• Advanced conversion  technology: 7 pro jects, 96MW (63%, a ll te rm ina ted). 

7.2.5 Each  year, based  on  an  objective  econom ic asse ssm ent of current and fu ture  costs 
and/or m arke t drive rs, FES scenarios have  described  consisten tly h igh  capacitie s of 
so la r genera tion  connecting in  the  fu ture  to the  nationa l e lectricity transm ission  
system . The  FES scenarios a re  an  im portan t poin t of view which  contribute s to  an  
objective  assessm en t of the  need  for, and  sca le  of, low-carbon  so lar genera tion  
deve lopm ents unde r d iffe rent fu tu re  scenarios of dem and and governm ent policy, 
particu la rly with in  the  context of Ne t Ze ro . 

7.2.6 The  2022 FES foresees one  of four scenarios (“Falling Short” and  characte rised  as a  
scenario  of steady progression  rathe r than  rap id  low-carbon  genera tion  
deploym ent) m issing the  lega lly b inding nationa l decarbon isa tion  ta rge ts in  2050. 
Th is is  the  scenario  with  the  slowest growth  in  renewable  e lectricity gene ration  
capacities. All three  of NGESO’s 2050-com plian t scenarios include  the  
com m ission ing of la rge  capacities of low-carbon  generation , including so la r, am ong 
o the r in itia tives designed to  facilita te  em issions reduction  in  o the r industria l sectors. 
Research  by the  ESC corrobora te s th is view. 

7.2.7 From  the ir ana lysis, NGESO conclude  that installed  e lectrica l gene ration  capacity in  
GB needs to increase  from  today’s 107GW to be tween 156 and 209GW to m ee t 
an ticipa ted dem and in  2030, th is be ing a  55 to 109GW increase  on  existing 
gene ration  capacity fo llowing the  decom m ission ing of a ll bu t 1.2GW of existing 
nuclear gene ration  and the  closure  of a ll rem ain ing coa l genera tion  (5GW) be fore  
that date . 
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7.2.8 The  m ost striking in sigh t from  the  2022 FES is that by 2030, over 70% of in sta lled  
gene ration  capacity m ust be  low carbon  gene ration  in  order to  m ee t Ne t Zero 
ta rge ts, po in ting to a  sign ificant growth  in  low carbon  gene ration  in  the  com ing 
decade . In te rconnectors a re  expected  to  contribu te  7% – 9% of capacity and  these  
will re ly on  ou r national ne ighbours to  fo llow sim ila r decarbon isation  p lans to  the  
UK for the ir supply to  be  low-carbon. On ly 9% – 17% of GB ope rationa l capacity in  
2030 will be  carbon-in tensive  generation , down  from  38% in  2021. 

7.2.9 Further, NGESO forecasts tha t be tween  310 and  365GW of genera tion  capacity will 
be  requ ired  to  m ee t dem and and Net Zero  by 2050 (con tinu ing the  increasing trend  
in  requ ired  capacity from  previous FES editions), and  100% of opera tiona l 
gene ration  m ust by 2050 be  zero-carbon. [116, Table  ES.E.01], [13, Table  SV.22], [35, 
Table  SV.23] and[67]. 

7.2.10 The  FES scenarios wh ich  are  predicted  to  ach ieve  Net Zero include  sola r capacitie s 
in  2030 of 25 – 42GW, and in  2050 of 57 – 92GW [116, Table  ES.E.01]. In  eve ry 
scenario , a  pa thway to  Ne t Zero  includes a  sign ificant fu ture  increase  in  so lar 
capacity beyond that wh ich  is in sta lled  or in  deve lopm ent today, as shown  in  Figure 
7.1. 

7.2.11 Figure  7.1 shows a  supe rposition  of UK solar capacity forecasts from  FES 2012 to  
2022, each  forecast repre sen ted  as a  shaded area  ranging from  the  lowest forecast 
capacity scenario  to  the  h ighest scenario  in  each  year. Historica l in sta lled  capacity is 
shown  as brown  colum ns, and  the  Author’s view of a  risked  fu tu re  capacity forecast 
based  on  capacity registe rs and  like lihood of ach ieving pro ject com ple tion  based on  
sca le , te chnology and  location  at the  tim e  of writing ([29, 74, 32]) is  shown  as wh ite  
co lum ns. Since  the  Net Zero  com m itm en t, forecasts for fu tu re  so la r capacity have  
increased  sign ifican tly. To h igh light th is the  FES forecasts from  2020, 2021 and 2022 
have  been  shown  in  ye llow, with  the  2022 forecast borde red  in  brown . 
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Figu re  7.1: Evo lu t ion  of fu t u r e  so la r  ca p a cit y fo r e ca s t s  in  t h e  UK, 2012 - 2022 

[116, a n d  p re viou s  pu b lica t ion s, 2012 – 2021 a n d  Au t h or  An a lys is ] 

7.2.12 The  fo llowing observa tions can  be  m ade  from  Figure  7.1: 

• Futu re  UK solar capacity forecasts have  increased  year on  year since  2012. 
Year-on-year so lar cost reductions have  m ade  the  technology progressive ly 
a ttractive  (and  now pre ferentia l) to  other form s of e lectricity genera tion, 
prom oting the  com m ercia l ra tiona lity for the  UK to  prioritise  the  deve lopm ent 
of so la r capacity in  orde r to  address energy a ffordability cha llenges (see  
Chapter 10); 

• The  UK's Ne t Ze ro  com m itm ent has, since  2020, co incided  with  a  further 
increase  in  so la r capacity, shown by the  ye llow ranges (the  2022 forecast shows 
the  grea te st in sta lled capacity and  is borde red  in  brown and is consisten t with  
the  forecast published  in  2021); and  

• The  range  of in sta lled  capacity m ay be  expla ined  by the  extent to  wh ich  o ther 
low carbon  technologie s including onshore  and  offshore  wind , nuclear and 
BECCS (Bioenergy with  Carbon  Capture  and  Storage ) a re  deployed in  the  UK. 
De lays or shortfa lls in  the  deploym ent of any technologie s will requ ire  a  
com pensatory acce le ra tion  or expansion  in  the  deploym ent of others in  orde r 
for the  UK to  rem ain  on  track to ach ieve  Net Zero. With  a  re la tive ly short 
deve lopm ent tim efram es, the  so la r sector m ay be  we ll p laced  to re spond to 
any d ifficu ltie s or de lays in  the  deploym en t of o the r technologie s. 
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7.2.13 NGESO are  not a lone  in  an ticipa ting a  sign ifican t increase  in  the  capacity of low-
carbon genera tion  requ ired  to m eet Net Zero. The  CCC suggested  tha t, on  top  of 
de live ry of the  offshore  wind  sector dea l (wh ich  was 30GW by 2030 at the  tim e), in  
orde r to  m eet a  doubling of e lectricity dem and from  100% low-carbon  sources, up 
to  60TWh of low-carbon gene ration  wou ld  be  requ ired  by 2030 [15, p155], with  so la r 
gene ration  curren tly an  a rea  of strength  for the  UK [14, p239]. Gove rnm ent ta rge ted 
40GW by 2030 [9, p16] and  has expressed  its  am bition  for the  de live ry of up  to  50GW 
of offshore  wind  by 2030 and a  five-fo ld  increase  in  so lar deploym ent by 2035 [50]. 

7.2.14 The  Nationa l In frastructure  Com m ission  scenarios an ticipate  that 129 – 237GW of 
renewable  capacity m ust be  in  opera tion  by 2050, including 56 – 121GW of so lar, 18 
– 27GW of onshore  wind , and  54 – 86GW of offshore  wind. [42, p19]. 

7.2.15 The  ESC anticipate s broadly sim ila r generation  capacities. 165 – 285GW of capacity 
will be  requ ired  in  2050, including 18 – 80GW of so lar [18, pp23 & 27]. The  ESC is 
m ore  bu llish  on  fu ture  nuclear capacity than  o ther ana lyses, an ticipa ting 20 – 38GW 
of nuclear versus 5 – 16GW (NGESO) and just 5GW (NIC). 

7.2.16 Many form s of low-carbon genera tion  will be  requ ired  to  m eet the  UK Clim ate  
objectives. A d iverse  m ix of gene ration  is requ ired  to  m in im ise  in tegration  costs for 
those  tim es when variab le  technologie s a re  not gene rating e lectricity, bu t th is does 
not m ean that low-carbon generation  deve lopm ents shou ld  be  curta iled  to  prom ote  
d ive rsity. Indeed, by increasing the  in sta lled  capacity of d ive rse  renewable  
gene ration  technologies across a  broad geography, in te rm ittency im pacts a re  lower 
than  they wou ld  be  from  a  single-source  supply deployed across a  tigh ter 
geography. Section  8.7 and  Section  8.8 provide  fu rther in form ation . 

7.2.17 In  2021, GB sourced 42% of its  e lectricity from  renewables, of wh ich  approxim ate ly 
9.4% was from  solar [Au thor Analysis of Nationa l Grid  data , 116]. In  both  2019 and 
2020, Denm ark sourced  50% of its  e lectricity needs from  renewable  genera tion , 
dem onstrating that h igh  proportions of renewable  generation  can  be  
accom m odated  with in  na tiona l e lectricity system s [75, 76], and  GB can  learn  how to 
do  th is from  othe r nations wh ich  a re  fu rther ahead  in  th is regard. 

7.2.18 2022 saw the  th ird  ed ition  of the  FES since  GB adopted  Ne t Ze ro  lega l com m itm en ts. 
FES 2022 ana lyses th ree  scenarios under wh ich  Ne t Zero  em issions can  be  ach ieved 
by 2050, and  one  scenario  wh ich  m isses the  ta rge ts. NGESO a lign  with  the  Energy 
System s Catapu lt (see  Section  4.3 above ) on  the  view that the  80% decarbon isation  
ta rge t cou ld have  been  reached through  m ultip le  technology pa thways, bu t that 
ach ieving Ne t Zero requ ire s greate r action  across a ll so lu tions, including broader 
system -wide  th inking. FES 2019 concluded tha t action  on  e lectrification , ene rgy 
e fficiency and carbon  capture  will a ll be  needed a t a  sign ifican tly greate r sca le  than  
assum ed in  any core  scenarios [67, p2], and  subsequen t FES scenarios have  borne  
out that conclusion . Six im portan t predictions from  NGESO’s recen t ana lysis [116] 
a re  tha t, by 2030: 
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• While  in  a ll scenarios, GB ene rgy dem and is expected  to  be  lower in  2050 than  
2021 (by be tween 40 and  56%), in  a ll scenarios GB e lectricity dem and is 
expected to increase  because  of e lectrifica tion  of transport & hom e  heating, 
and  replacem en t of fossil fue ls with  b lended, gas, hydrogen  or e lectricity. By 
2050, e lectricity dem and is forecast to  increase  by be tween 62 and  100% 
ve rsus 2021 [116, Table  EC.02]; 

• Storage  and  in te rconnection  (flexib ility) capacity will need  to  increase  (from  
10GW in  2021) to  19 – 33GW in  2030 and 48 – 79GW by 2050 to  ba lance  supply 
and  dem and both  with in  the  GB system  and across borde rs [116, Table  
ES.E.01]; 

• Due  to  the  e lectrification  of other sectors, peak dem and (FES uses the  Average  
Cold  Spe ll (ACS) de fin ition  wh ich  is consisten t with  the  treatm ent of dem and in  
the  e lectricity Capacity Mechan ism ) is expected  to  rise  (from  2021’s leve l of 
58.8GW) by 66% - 92% by 2050, even  with  the  storage  and  in te rconnection 
capacities an ticipated  above  to  support "peak shaving" [116, Table  FL.04]; 

• There fore , GB insta lled  gene ration  capacity will need  to increase  (from  107GW 
in  2021) to  171 – 209GW by 2030 to  m eet dem and with  69% – 75% of that 
capacity be ing low-carbon  in  2030 (vs. 55% today), and  100% low-carbon  by 
2050; 

• Insta lled  gene ration  capacity will need  to  grow even  fu rther (to  310 – 365GW) 
by 2050 to  m eet dem and, and m ust be  100% low-carbon to  m eet Ne t Ze ro  lega l 
requ irem en ts; 

• To m ee t the  Ne t Zero  ta rge t, a  rad ica l transform ation  to  our nationa l ene rgy 
ecosystem  is requ ired, m ean ing even  m ore  low-carbon , so la r and  wind 
gene ration  capacity than  even  the  m ost am bitious scenarios cu rrently 
envisage , will be  requ ired  to  m eet the  UK’s lega lly b inding targe ts. 

7.2.19 In  sum m ary, experts have  concluded, and  governm en t has agreed, tha t 
decarbon isa tion  in  the  UK needs to be  sign ifican tly deeper and  broade r than  it has 
previously been  conside red , th is is  evident through  FES 2022 by an  increase  in  a ll 
low-carbon  m etrics versus previous FES editions and  in  published  ana lyses by other 
m arke t expe rts. 

7.2.20 A m assive  m ove  to e lectrification  will be  requ ired  fundam en ta lly to  unde rpin  broad  
and deep  na tiona l decarbon isation , and  Ne t Zero requ ires a  "system  view" to  be  
taken . Th is m eans recogn ising the  im portance  of whole -system  th inking in  re lation  
to  the  decarbon isation  of non-energy sectors. Alte rna tive  ene rgy vectors, for 
exam ple  hydrogen , will be  of fundam enta l im portance  in  the  d isp lacem ent of fossil 
fue ls from  dom estic and  industria l ene rgy uses, and  transport. Electricity generated 
from  low-carbon  sources will be  the  prim ary m eans of producing hydrogen. 
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7.2.21 There fore , sign ifican tly m ore  low-carbon  gene ra tion  than  is ope rational today, from  
dive rse  sources, a long with  ene rgy e fficiency and e lectricity storage  is requ ired  to 
m ee t the  an ticipated  increase  in  e lectricity dem and. 

7.3 De m a n d  re sp on se  

7.3.1 Energy dem and m anagem en t, ca lled  Dem and Side  Response  (DSR), a lso  cou ld  p lay 
an  im portan t ro le  in  the  fu ture  of the  ene rgy ba lance  of the  UK. DSR is va luable  
in sofar as it  is  com patib le  with  end  use  gene ra tion  technologie s and system  wide  
com m ercia l drivers, bu t DSR on  its  own  will be  un like ly to  de live r a  decarbon ised 
e lectricity system . 

7.3.2 Currently DSR capacity is e stim ated a t 6.5GW nationa lly [116, Table  FL.03]. FES 
scenarios forecast be tween  13 and  24GW m ay be  opera tiona l by 2035, rising to  16 
– 27GW by 2050. The  sign ificance  of the  sca le  of growth  of DSR is a  re flection  on  the  
sca le  and  deve lopm ent of so lar and  other renewable  gene ration  asse ts of a ll sca les 
in  order to  stay on  a  path  to  ach ieve  Net Zero. 

7.3.3 There fore , DSR m ay de live r an  im portan t con tribution  to  the  de live ry of UK 
decarbon isa tion  be fore  2030, but it  cannot rep lace  nor reduce  the  need  for new 
gene ration  capacity to  de live r GB’s ene rgy objectives, further underp inning the  need  
for low-carbon  genera tion  to  com e  to  m arke t with in  th is tim efram e. 

7.4 Wid e r  d e ca rb on isa t ion  re q u ire s  a  s ign ifica n t  ca p a cit y o f so la r  
ge n e ra t ion  

7.4.1 Because  e lectricity can  be  genera ted  from  low-carbon  technologies, the  dem and for 
e lectricity in  GB will grow as e lectricity decarbon ise s other sectors. The  need  for 
sign ificant growth  in  new genera tion  asse ts is  there fore  clear, no t on ly to  m ee t th is 
additiona l dem and, but a lso  to  offse t the  closure s of m any existing gene ration  
asse ts, e ither because  of environm enta l regu la tion  or technologica l life tim e  lim its. 

7.4.2 Historica lly generation  asse ts in  GB have  been  ca lled  "conven tiona l": predom inan tly 
coa l, o il, gas, nuclear or hydro-powered . They have  been  d ispa tchable  asse ts, 
m ean ing that the ir ou tpu t and  opera tiona l schedu le s a re  contro llab le : e lectricity on  
dem and. 

7.4.3 Capacity u tilisation  is usua lly expressed  as a  quotien t, ca lcu la ted  as {Tota l ene rgy 
gene rated in  a  year [MWh]} d ivided by {Maxim um  power output [MW] x 8760 (hours 
in  the  year [h ])}. Historica l system -average  capacity u tilisa tions have  been  h igh  
(>80%). 

7.4.4 Figure  7.2 shows NGESO’s ana lysis of how gene ration  capacity m ay evolve  be tween 
2030 and 2050 to  m eet a  growing e lectricity dem and, and  a  decreasing carbon 
budge t. Notably, fossil fue l capacity is an ticipa ted  to  reduce  from  41GW in  2021 to 
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be tween  19 and 33GW by 2030, and  on  to  n il unabated  genera tion  by 2050. As GB 
m akes progress towards its  lega l decarbon isation  targe ts through  the  in sta lla tion  of 
m ore  renewable  generation  capacity, tota l in sta lled  capacity rise s in  proportion . Th is 
is  firstly because  e lectricity dem and will increase , and  secondly because  the  capacity 
factor a t renewable  asse ts is  lower than  the  capacity factor a t conventiona l asse ts. 

7.4.5 It is  im portan t to  apprecia te  that of the  ve ry m any possib le  fu ture  scenarios for 
fu ture  e lectricity dem and and supply, on ly a  subse t of those  will ach ieve  Net Ze ro. 
Som e  scenarios m ay cause  cost-to-consum ers to  increase , wh ile  others m ay provide  
e fficien t and  e ffective  so lu tions. Governm en t’s position  on  the  wider bene fits of 
renewable  genera tion  is clear and  consisten t: 

Increasing the amount of energy from renewable and low ca rbon technologies will 
help to make sure the UK has a  secure energy supply, reduce greenhouse gas 
emissions to slow down clima te change and stimula te investment in new jobs and 
businesses. [77] 

The Energy White Paper provides further cla rity on the [then] Prime Minister’s [Ten 
Point Plan] measures and puts in place a  stra tegy for the wider energy system tha t: 
Transforms Energy ... Supports a  green recovery ... [and] crea tes a  fa ir dea l for 
consumers. [9, p4] 

7.4.6 NGESO data  shows that so la r generated  11.4TWh of e lectricity during 2019, 12TWh 
in  2020 and 11.2TWh in  2021, each  from  c.13GW of bu ilt capacity, [35, Table  ES1, 
Au thor Analysis]. Th is m akes so la r gene ration  an  im portan t renewable  power 
gene ration  technology in  GB, with  fu tu re  poten tia l, and  need , for further growth . 
Solar has the  th ird h ighest output by renewable  technology in  GB, behind  wind and  
b iom ass. The  la rgest power gene ration  technology, Com bined Cycle  Gas Turbine  
(CCGT), is  not low-carbon, so  continued  gas gene ration  withou t carbon aba tem en t 
technology is not cu rren tly consisten t with  Ne t Zero  requ irem ents. Eithe r the  source  
fue l m ust be  decarbon ised  (e .g. a  m ove  from  na tura l gas to  hydrogen) or the  power 
sta tions m ust be  in tegra ted with  a  CCUS ne twork in  order to  rem ove  ne t carbon 
em issions. The  changing con tribution  of the  second la rgest technology (nuclear) to  
low-carbon  gene ration  in  the  com ing decade , is shown  in  Figure  5.4. 
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Figu re  7.2: Ge n e ra t ion  ca p a cit y b y t e ch n o logy t yp e  a n d  a m ou n t  of r e n e w a b le  
ca p a cit y fo r  2030 a n d  2050 

[116, Figu re  ES.E.01 (Ad a p t e d )] 

7.4.7 Section  5.4 describes why it is  not like ly that CCUS (the  process to  decarbon ise  
carbon-in tensive  e lectricity gene ration ) will p lay a  sign ificant ro le  in  reducing UK 
carbon  em issions in  the  decade  ahead , and  a lso  describes why nuclear genera tion  
will a lso  not m ake  a  ne t positive  con tribution  to carbon  reduction  ove r the  sam e 
pe riod. Yet Section  5.3 describes the  need  for u rgent progress in  decarbon isation . 
Sign ifican t additiona l renewable  genera tion  capacity is there fore  required  to m ake  
progress in  decarbon isa tion , both  as d ispa tchable  low-carbon  technology 
deve lopm ents con tinue , and on  an  enduring basis, to  m ee t fore seen  e lectricity 
dem and growth . 

7.4.8 Figure  7.3 shows the  cum ulative  carbon  em issions saved  by so la r genera tion  versus 
the  case  that the  e lectricity genera ted  by so la r was instead  genera ted  by CCGT (a t 
394gCO2/kWh [119]). The  red a rea  shows tha t fu ture  additiona l so lar gene ration  will 
reduce  the  carbon  em issions of the  GB e lectricity system  in  each  of the  FES scenarios 
wh ich  con tem plate  fu ture  so lar genera tion . Without the  deve lopm ent of additiona l 
so la r pro jects, o the r m easures will be  requ ired  to fill the  gap  which  so la r will fill, 
e specia lly with  low-carbon genera tion , e ffective ly m aking it m uch  harde r for the  UK 
to  ach ieve  Ne t Ze ro . While  offshore  wind m akes the  largest con tribution  to 
decarbon isa tion  in  m ost forward  e lectricity system  scenarios, so lar com plem en ts 
offshore  wind  deploym ent (see  Section  8.8 for fu rther in form ation ). The  first 
conclusion  is the re fore  tha t the  bringing forward  of so lar schem es such  as th is 
Schem e  shou ld  be  con tinued  and  progressed  with  de te rm ined  rigour and  drive , to  
enable  the ir tim e ly de live ry. Secondly, tha t the  furthe r identification  of so la r 
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schem es and  o the r low-carbon  in itia tives wh ich  com plem ent offshore  wind 
gene ration  shou ld  be  progressed  with  urgency to  ensure  the  requ ired tra jectory in  
reducing carbon  in tensity can  be  ach ieved  or be tte red . 

7.4.9 The  UK requ ires swift and  continued  deep  decarbon isation  actions in  orde r for it  to  
m ee t its  2050 clim ate  targe ts. As one  of the  leading low-carbon genera tion 
technologies in  GB, and  one  wh ich  is viab le  on  an  unsubsid ised  basis, it is  critica l 
that so la r genera tion  is pe rm itted  to continue  to  grow to  m ove  the  coun try towards 
m ee ting its  Net Zero  com m itm ents. 

Figu re  7.3: Ge n e ra t in g p ow e r  from  so la r  a lon g FES p ro je ct ion s  w ill p rovid e  
cu m u la t ive  ca rb on  e m iss ion s  ve rsu s  if t h a t  p ow e r  w a s  ge n e ra t e d  from  h igh e r  
ca rb on  sou rce s  

Ad a p t e d  from  [116, Ta b le  ES.E.10, 119 a n d  Au t h or  An a lys is ] 

7.4.10 Table  5.1 shows that GB cu rrently has 13.8GW of in sta lled so la r generation . Pro jects 
tota lling a  fu rther 4.9GW have  a lso  been  identified and a re  listed  on  industry 
p ipe line  databases. Figure  5.1 illustrate s NGESO’s m ost recen t m ode lling of possib le  
fu ture  so lar capacity by scenario; and  Figure  8.1 shows that FES pro jections for so la r 
capacity have  grown year-on-year as the  need  for a  zero-carbon e lectricity system  
has becom e m ore  u rgent. Capacity is an ticipa ted  to  grow due  to  im proving 
technology costs; in sta lla tion  of la rger, standa lone , facilitie s; continued  re sidentia l 
and  com m ercia l PV insta lla tions; and  repowering of existing in sta lla tions, 
particu la rly th rough  the  m id-2030s. 

7.4.11 The  inclusion  of a  pro ject on  a  "fu tu re  pro ject p ipe line" – for exam ple , a  list o f 
pro jects wh ich  have  applied  for a  DCO, or the  scoping / consents /  construction  
p ipe line  included in  Figure  5.1 does not ind icate  tha t the  pro ject will go  ahead , or if 
it  does, a t a  particu lar gene ration  capacity. It is  the re fore  not the  case  that the  
pro jections shown in  Figure  5.1, Table  5.1 or Figure  7.1 a re  su fficien tly secu re  to 
ju stify the  de -prioritisa tion  of pa thways wh ich  include  the  deve lopm en t of 

-
5

10
15
20
25
30
35
40

2022 2027 2032 2037 2042 2047C
um

ul
at

iv
e 

em
is

si
on

s 
sa

ve
d

th
ro

ug
h 

th
e 

de
pl

oy
m

en
t o

f s
ol

ar
(M

TC
O

2 (
e)

)

Range based on FES 2022 scenarios, with future growth in solar output
substituted for CCGT output



 Sta tem en t of Need 
January 2023 

 
 

 
72 | P a g e  

 

a lte rnative  and  com plem entary genera tion  technologie s. Nor is it  the  case  that the  
am bitions of the  Offshore  Wind Sector Deal (40GW of wind  gene ration  by 2030), nor 
of newly expressed  gove rnm ent am bition , will ce rta in ly be  m et by those  pro jects 
curren tly under conside ration  by deve lopers. Pro jects right across the  wider ze ro-
carbon technology landscape  m ust continue  to com e  forward in  order to  im prove  
the  like lihood of m eeting requ ired  decarbon isa tion  targe ts. Withou t The  Schem e 
which  holds a  Grid  Connection  Agreem ent, is listed  on  the  NGESO Transm ission  
En try Capacity (TEC) Registe r [29], and  wh ich  cou ld  be  bu ilt ou t in  the  im portan t 
2020s, it is  ve ry possib le  that the  con tribution  wh ich  so la r m ay m ake  to the  fu ture  
gene ration  m ix m ay be  artificia lly lim ited , risking the  success of estab lished 
governm ent policy and  strategy on  decarbon isa tion  and  reach ing Net Zero. 

7.4.12 It is  the  view of th is au thor, that if a  sign ificant capacity of so la r genera tion  is not 
bu ilt ou t to  a  sca le  com parable  with  the  pro jections provided  by NGESO and others, 
then  the  UK will be  h igh ly un like ly to  con tinue  to  reduce  its  carbon  em issions ove r 
the  com ing decade , and u ltim ate ly m eet its legally b inding decarbon isa tion  targe ts. 
The  Schem e  is a  critical step  in  the  deve lopm ent and  de live ry of large-sca le  so la r 
capacity in  the  UK. 

7.5 Asse ssin g a n d  se le ct in g su it a b le  loca t ion s  fo r  la rge -sca le  so la r  
ge n e ra t ion  in  t h e  UK 

7.5.1 Site  se lection  is a  critica l step  in  the  de livery of pro jects with  a im s of m ee ting the  UK 
na tiona l need  for su fficien t low-carbon , low-cost energy supplie s to  support lega l 
decarbon isa tion  targe ts and  na tiona l energy security requ irem en ts. Th is section  
se ts out, in  generic te rm s the  asse ssm en t process for sites for la rge -sca le  so la r 
gene ration  in  the  UK. Analysis of the  site  se lection  process for th is Schem e  can  be  
found in  Environm en tal Statem ent Chapte r 5: Alte rnatives and  Design  Evolu tion 
[EN010133/APP/ C6.2.5] and  its  accom panying appendix ES Appendix 5.1 Site  
Se lection  Assessm en t [EN010133/APP/C6.3.5.1] . 

7.5.2 Suitab le  site s will be : 

• Capable  of de live ring to  the  requ ired  sca le  (in  re la tion  to the  need for the 
schem e); 

• Techn ica lly and  environm enta lly feasib le  with in  the  sta ted  tim efram es; and 

• Com m ercia lly a ttractive  to investors. 

7.5.3 Site  se lection  u tilise s a  screen ing approach  wh ich  considers possib le  a lte rnative  
sites, taking in to  account the  three  requ irem ents listed  above . In  addition , the 
screen ing approach  recogn ise s the  requ ired  u rgency of low-carbon  deve lopm ent in  
the  UK and there fore , in  an  approach  which  is consisten t with  gu idance  conta ined 
in  the  2021 Draft Revised  Nationa l Policy Statem ent EN-1 applie s a  princip le  of 
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proportiona lity to  options wh ich  have  vague  or inchoate  deve lopm ent 
considera tions [1, p51], e specia lly where  those  considera tions are  critica l for the  
viability of the  pro ject. The  screen ing process will p rioritise  options wh ich  a re  m ore  
like ly to  be  ab le  to  m eet the  in tended a im s of the  pro ject, above  options wh ich  a re  
le ss like ly to  proceed  due  to  techn ica l, com m ercia l or o the r reasons. 

7.5.4 Local factors (the  an ticipa ted  ou tpu t of the  site  is  strongly re lated to  the  site ’s layout 
and  loca tion ) are  a lso  im portan t in  the  site  se lection  process. 

7.5.5 Solar deve lopm en ts requ ire  th ree  fundam enta l a ttributes and these  there fore  drive 
the  in itia l screen ing process.  These  attribu tes (wh ich  are  consisten t with  Section  
2.48 of Draft Revised  NPS EN-3 [2]) are : 

• The  existence  and  ava ilab ility of su fficien t land to  de liver to  the  pro ject to  the 
ta rge t sca le ; 

• The  ava ilab ility of a  su itab ly p laced  poin t of connection  to  the  Nationa l 
Electricity Transm ission  System  (NETS) and/or loca l Distribu tion  Network; and 

• Solar irrad ia tion  leve ls wh ich  support the  potentia l for the  deve lopm ent to  
produce  an  ene rgy yie ld  wh ich  is both  use fu l and  econom ic. 

7.5.6 Othe r a ttribu te s will a lso  apply la te r in to  the  screen ing process. However a  site  
wh ich  does not possess a ll th ree  fundam enta l a ttribu te s is  le ss like ly to  be  a  su itab le  
loca tion  for large -sca le  so la r generation  than  a  site  wh ich  does possess these  
a ttributes. 

7.5.7 The  UK’s approach  to  the  energy sector provides that “It is  for industry to  propose  
new energy in frastructu re  pro jects with in  the  strategic fram ework se t by 
governm ent” [Nationa l Policy Statem en t EN-1, Para  3.1.2]. It is  im portan t there fore  
to  acknowledge  that an  individua l deve lope r’s approach  to screen ing will not be  rigid  
and  in flexib le  bu t instead  will be  sensitive  to  loca l variab ility and  indeed  deve lope r 
approach . Deve lopers m ay a lso  we igh  the  im portance  of one  or m ore  crite ria  in  the ir 
screen ing approach  diffe rently for d iffe rent schem es to  accom m odate  and 
incorporate  the  needs and  bene fits of d iffe ren t geograph ie s and  loca l 
characte ristics. 

7.5.8 The  site  se lection  process a lso conside rs the  topography of land; p lann ing and 
environm enta l constra in ts (including b iodiversity, landscape  and visua l am en ity, 
cu ltura l heritage , flood risk, Agricu ltura l Land Classifica tion , land  use  and  o the r 
factors); and  loca l conside rations, including availab ility and  ownersh ip  of land , and 
access rights to  the  land  through  construction  and  ope ration . 

7.5.9 Many non-fundam en tal characte ristics will no t be  a  sim ple  pass/fa il for taking 
forward  a  site  for deve lopm ent, bu t site s wh ich  are  environm enta lly, te chn ica lly, 
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opera tiona lly and com m ercia lly su itab le  will like ly score  favourably on  a  m ajority of 
im portant characte ristics. 

7.5.10 For exam ple , the  num ber of landowners involved  in  a  schem e, and  the ir willingness 
to  participa te , m ay affect the  attractiveness and  feasib ility of a  particu la r proposa l. 

7.5.11 For exam ple , ad jo in ing land  parce ls m ay be  both  su itab le  and  ava ilab le  for 
deve lopm ent, re su lting in  an  increased  density of so la r deploym ent and  an  
environm enta l footprin t over a  m ore  focussed  area of the  coun tryside . Other 
proposa ls m ay consider separa te  land  parce ls wh ich  do  not border each  o the r bu t 
in stead  com bine  to  an  in tegrated  schem e which  is m ore  d ispe rsed  with in  a  
countryside  se tting. 

7.5.12 Further, the  connection  of separa te  parce ls of su itab le  land  toge the r in to  a  single  
schem e  m ay, subject to  ana lysis, enable  those  parce ls of land to  connect 
econom ica lly to the  e lectricity system , whereas if deve loped as standa lone  schem es 
they m ay not be  ab le  to  carry the  associa ted  costs of connection  and  the re fore  m ay 
never be  deve loped. 

7.5.13 In  order to  m eet the  urgent need  for large  capacitie s of so lar gene ration  in  the  UK’s 
figh t aga inst clim ate  change , ways of bringing forward a ll su itab le  parce ls of land  to 
the  poin t of connection  a re  like ly in  tim e  to  be  considered  and  investiga ted.  If they 
a re  not, the  risk of fa lling short on  clim ate  change  targe ts becom es ve ry m uch  m ore  
he igh tened. 

7.5.14 The  site  se lection  process seeks to  iden tify loca tions wh ich  m ee t or com e  close  to 
m ee ting the  m ajority of the  fo llowing crite ria  (subject to  de ta iled  and  loca l review): 

• Delivers sim ilar leve ls of gene ration  in frastructu re  capacity in  sim ila r 
tim esca le s as described in  the  pro ject a im s; 

• Has a  reasonable  prospect of be ing com m ercia lly and  techn ica lly viable ; 

• Is not located  with in  in te rnationa lly and nationa lly designa ted  b iodive rsity site s 
and  avoids d irect im pact on  loca lly designa ted  b iodive rsity site s; 

• Avoids the  use  of large  areas of best and  m ost ve rsatile  (BMV) agricu ltura l land; 

• Is not located  with in  or close  to  Nationa l Parks and  Areas of Outstanding 
Natura l Beau ty or designa ted  areas of loca l landscape  va lue ; 

• Is not located  with in  designa ted  green  be lt; 

• Is of a  size  and  has topography which  m ee ts the  requ irem en ts of The  Schem e 
to generate  sign ifican t am oun ts of e lectricity (including irrad ia tion ) and  store  
it; 
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• Prioritise s su itab le  and ava ilab le  previously deve loped land, if such  land  is 
ava ilab le  and  can  practica lly be  included as part of The  Schem e; 

• Avoids d irect substantia l harm  on  designa ted  he ritage  asse ts; 

• Is predom inantly with in  Environm en t Agency Flood Zone  1 and  is the refore  a t 
a  low risk of flooding; 

• Has good transport access for construction , be ing adjacent, or with  close  
connection , to  the  stra tegic road  ne twork; 

• Is not like ly to  be  constra ined  by featu re s wh ich  wou ld  re su lt in  shading; 

• The  grid  connection  route  is un like ly to  encounte r constra in ts; and  

• Has lim ited  land use  conflicts with  re spect to  loca l deve lopm en t p lan  
a lloca tions and  d isp lacem ent of existing businesses. 

7.5.15 Large-sca le  so la r schem es, precise ly because  of the ir sca le  and  the  a rea  of land  
requ ired  for the ir deve lopm ent, are  the re fore  m ore  like ly to  be  sited in  m ore  ru ral 
a reas of the  country. 

7.5.16 In  orde r to  enhance  the  ene rgy de live red  from  the  in sta lled  capacity, schem es are  
a lso  m ore  like ly to  be  sited  in  areas of h igher so la r irrad ia tion  leve ls. 

7.5.17 The  num ber of loca tions in  the  UK which  a re  idea l in  respect of a ll th ree  of the  
requ irem en ts of land ava ilab ility and su itab ility; h ighe r irrad ia tion  and  grid 
connection  ava ilab ility, is  low. For exam ple , h igh  popu la tion  density and  h igh-quality 
agricu ltura l land  lim its opportun ities for la rge-sca le  so lar deve lopm ent in  the  South  
East of England (where  Figure  7.4 shows that irrad ia tion  is h ighest), and  proxim ity 
to  existing and  ava ilab le  grid  connection  capacity lim its opportun itie s in  the  South  
West and  East Anglia  where  Figure  7.4 shows tha t irrad iation  is a lso  h igh . It shou ld 
there fore  not be  expected  that la rge-sca le  so lar is loca ted  on ly where  irrad ia tion  is 
h ighest in  GB; or on ly where  su itab le  land  is ava ilab le ; or on ly in  close  proxim ity to 
existing grid  substa tions with  ava ilab le  capacity, bu t schem es will be  proposed  in 
loca tions with  the  b lend  of characte ristics which  is asse ssed  as su itab le  for the  
schem e. Figure  7.4 shows that The  Schem e’s proposed  loca tion  is in  a  band of h igher 
so la r irrad iation  in  the  UK. 

7.5.18 In  order to  bene ficia lly and  e fficien tly transm it the  energy genera ted  by the  schem e 
to  consum ers, la rge -sca le  so lar schem es a re  expected  to  connect to  the  Nationa l 
Electricity Transm ission  System  (NETS) – an  existing nationa l in frastructure  asse t 
wh ich  is designed specifica lly for the  bu lk transm ission  of energy from  its poin t of 
gene ration  to  nationwide  consum ers. 
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7.5.19 Draft Nationa l Policy Sta tem ent EN-3 (2021) sta te s that: 

The connection of the proposed sola r fa rm into the relevant electricity network will be 
an important considera tion for applicants of sola r [2, Para  2.48.10]; 

La rger developments may seek connection to the transmission network if there is 
ava ilable network capacity and/or supportive infra structure [2, Para 2.48.11]; and 

The applicant may choose a  site based on nea rby ava ilable grid export capacity. 
Loca ting sola r fa rms a t places with grid connection capacity enables the applicant to 
maximise existing grid infra structure, minimise disruption to loca l community 
infra structure or biodiversity and reduce overa ll costs. [2, Para  2.48.12]. 

7.5.20 In  orde r to  enhance  the  overa ll bene fit o f the  schem e , in  te rm s of cost, 
environm enta l im pact and  tim efram es for connection , schem es m ay e lect to  m ake 
use  of poin ts of connection  to  the  NETS which  a lready exist and  have  ava ilab le  
capacity in sofar as those  poin ts of connection  a re  ava ilab le  (such  as with  The  
Schem e), in  pre ference  to  bu ild ing new connections or increasing the  ava ilab le  
connection  capacity a t existing locations.  Grid  connection  capacity is an ticipa ted  to 
gu ide  site  se lection  for early large -sca le  so la r schem es, bu t due  to the  fin ite  num ber 
of existing substations – and  the  sm alle r num ber of those  substa tions with  ava ilab le  
capacity, it  is  a lso  an ticipa ted  that in  the  fu tu re  new grid  substations m ay be  needed 
to  connect the  an ticipated  capacity of so lar capacity requ ired  to  m ee t Ne t Ze ro . 
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Figu re  7.4: Un it e d  Kin gd om  so la r  ir ra d ia t ion  

[© Th e  Wor ld  Ba n k : Glob a l So la r  At la s  2.0, Sola r  r e sou rce  da t a : So la rgis ] 
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7.6 De ve lop in g la rge -sca le  so la r  is  t h e  m os t  e fficie n t  u se  of la n d  fo r  e n e rgy 
p u rp ose s  

7.6.1 Large-sca le  so la r farm s are  m ore  like ly to  be  sited  in  m ore  rura l, ra the r than  m ore  
deve loped, areas - sim ply because  of where  land  that m ee ts the  basis screen ing 
crite ria  is  m ore  like ly to  be  ava ilab le . National Grid 's FES (2022) [116] an ticipate s 
be tween  57 and 92GW of UK solar deploym en t by 2050. Draft NPS EN-3 [2] includes 
an  an ticipa ted  range  of 2 to  4 acres for each  MW of ou tpu t gene ra lly requ ired  for a  
so la r farm  a long with  its  associated  in frastructure . Using the  m ost conservative  
va lue  from  the  range , and  assum ing that a ll fu ture  so lar capacity deploym en t is 
la rge -sca le  ra the r than  m icro-sca le  (anothe r conse rvative  assum ption ) im plie s tha t 
a  furthe r 167,000 to 300,000 acre s of land (approxim ate ly 70,000 to  125,000 
hectares) wou ld  need  to  be  se t aside  for so lar capacity by 2050 in  orde r to  m ee t the  
FES scenarios. Th is repre sents a t a  m axim um , 0.5% of to ta l UK land area, or be tween 
0.5% and 0.9% of the  tota l pastu re s and  non-irriga ted  a rable  land  in  the  UK [78, 116, 
Au thor ana lysis]. 

7.6.2 Anticipa ted  so lar genera tion  land  requ irem en ts wou ld  a lso  repre sent be tween 
34.3% and 61.3% of land  used  by industria l or com m ercia l un its. 

7.6.3 The  su itab ility of the  loca tion  (in  te rm s of irrad ia tion , grid  connection  and  aspect) 
has not been  taken  in to  account in  de riving these  proportions, it  is the re fore  like ly 
that the  land  a rea  cu rrently used  by industria l or com m ercia l un its on  wh ich  so lar 
gene ration  wou ld  even  be  possib le , will be  significan tly sm alle r than  the  tota l a rea  
of the  un its them se lves. Solar deve lopm ents m ade  on  “brownfie ld” locations m ay 
there fore  not be  a  sign ificant portion  of the  total deve lopm ents needed to  m eet Net 
Zero. However due  to the  tota l area of land with in  each  classification , it is  m ore  like ly 
that favourable  locations can  be  iden tified  with in  UK pasture  and  non-irriga ted 
a rable  land  than  with in  land  used  by industria l or com m ercia l un its, and  both  
con tinue  to  be  explored for d iffe rent sca le  deve lopm ents.  

7.6.4 Solar technology can  a lso  produce  m ore  ene rgy pe r hecta re  than  other e lectricity 
gene ration  technologies, for exam ple  growing crops for ene rgy. According to  a  
Guardian  article  [80], 450Ha of crop  is requ ired  to  provide  fue l for a  1MW biogas 
p lan t. The  renewable  energy hub 's on line  a rticle  about ren ting land for wind  fa rm s 
indica te s tha t 10 (High gene ration  density) to  16Ha (Low gene ration  density) of land  
is requ ired  per turb ine  (each  with  a  capacity of 6MW) for onshore  wind; wh ile  UK 
solar u ses be tween  0.8 (h igh  density) and  1.6Ha (low density) of land  pe r MW of 
in sta lled  capacity [2]. Table  7.1 shows a  com parison  of annual ene rgy yie ld  pe r 
hectare  for d iffe rent technologie s, including for so la r and onshore  wind the  range  
from  h igh  to  low gene ra tion  density per technology. 
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Ta b le  7.1: An n u a l e le ct r icit y ge n e ra t ion  p e r  h e ct a r e  fo r  d iffe r e n t  ge n e ra t ion  
t e ch n o logie s  

[Au t h or  An a lys is ] 

7.6.5 Hitherto , th is report has bu ilt up  the  evidence  base  for the  need  for la rge -sca le  so la r 
gene ration  schem es in  the  UK. Section  7.2 includes pro jections of the  capacities of 
new solar gene ration  needed in  order to  m ee t Ne t Zero  from  NGESO, NIC and ESC. 
These  pro jections com bine  to  the  need  for an  additiona l 44 – 78GW of additiona l 
so la r capacity by 2050 in  orde r to  m eet Ne t Zero  [116, Table  ES.E.01], with  
approxim ate ly one  th ird  of th is extra  capacity needed in  the  next ten  years. 

7.6.6 Once  the  evidence  base , and  the  need  for so la r, has been  accepted, su itab le  
loca tions m ust be  found for so lar deve lopm en t. In  order to  m eet the  sign ificant 
capacity growth  pro jections, it  will be  necessary to  deve lop  a ll site s wh ich  have  been  
identified  and  asse ssed  as su itab le . By not deve loping a  su itab le  location , the  UK will 
risk fa lling short of its  decarbon isa tion  ta rge ts. Especia lly if site  se lection  becom es 
m ore  d ifficu lt once  the  m ore  su itab le  loca tions have  been  iden tified  and  deve loped, 
as has occurred  with  the  deploym ent of other technologie s, including sm alle r-sca le  
so la r. 

7.6.7 The  su itab ility of the  proposed  connection  at Cottam  400kV substa tion , in  re lation  
to  the  se rvices wh ich  wou ld  be  provided  by The  Schem e  and the  bene fits of 
exporting generation  from  The  Schem e  onto  the  grid  ne twork th rough  tha t 
substa tion , is  described  in  Section  8.4 and  Chapte r 9. The  su itab ility of the  proposed  
loca tion  in  re spect of the  inciden t irrad iation  is illu stra ted  in  Figure  7.4. 

7.6.8 Draft NPS EN-3 [2] includes an  an ticipa ted  range  of 2 to  4 acre s for each  MW of 
outpu t gene ra lly requ ired  for a  so la r farm  a long with  its  associated  in frastructure . 
The  Schem e  as proposed  de livers a  la rge-sca le  so lar genera tion  asse t wh ich  is 
consisten t with  th is range , as is described in  Chapte r 4 of the  Environm ent 
Statem en t: Schem e  Descrip tion  [EN010133/APP/C6.2.4]. Th is dem onstrates tha t 
the  proposed  location  is a  su itab le  site  wh ich  will p rovide  for an  asse t wh ich  is 
consisten t with  gove rnm ent’s view of best practice  ratios of land take  and insta lled 
capacity. 

Technology MW Ha
Assumed 

Load Factor
Annual Output 

GWh/Yr/Ha
Onshore Wind - High 6 10.0 30% 1577
Solar - High 1 0.8 11% 1205
Onshore Actual - Low 6 16.0 30% 986
Solar - Low 1 1.6 11% 602
Biogas 1 450.0 100% 19
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7.7 De sign in g so la r  sch e m e s  t o  m a xim ise  b e n e fit s  t h rou gh  p ro je ct  life  

7.7.1 By se lecting sites with  the  right b lend  of characte ristics, deve lope rs will b ring to  
com m ercia l ope ration , so lar pro jects wh ich  de live r decarbon isation , security of 
supply and  a ffordability bene fits. A furthe r considera tion  for deve lopers is 
m axim ising the  u tilisa tion  of the  ava ilab le  grid connection  capacity through  the  life  
of the  pro ject given  tha t so la r pane ls degrade  as they ge t o lder, while  respecting 
com m ercia l and  environm en ta l constra in ts. Degrada tion  is m anaged by 
overp lanting in sta lled  capacity a t construction . Overplanting m eans in sta lling m ore  
gene ration  capacity than  is ava ilab le  for export. 

7.7.2 Overplanting im plie s tha t on  occasion  when  irrad ia tion  is h igh  and pane ls have  not 
ye t degraded, sites m ay be  forced  to se lf-cu rta il: they m ay be  unable  to  export a ll o f 
the  power the  generate  a t certa in  tim es. 

7.7.3 However schem es wh ich  a re  overp lanted  will in stead  genera te  m ore  low-carbon 
power a t tim es of lower irrad ia tion  (com pared  to  a  site  wh ich  is not overp lanted) 
and  at those  tim es outpu t will not be  lim ited  by the  grid  connection  capacity. Th is is 
illu stra ted  in  Figure  7.5. 

7.7.4 The  roya l b lue  line  shows norm alised  output (aga inst the  dark b lue  connection  
capacity line ) of a  repre senta tive  so lar schem e  on  an  average  irrad ia tion  day (le ft 
hand chart) and  a  h igh  irrad ia tion  day (right hand chart). 

7.7.5 The  grey line  on  each  chart shows the  output of a  so la r schem e  which  is identica l to  
the  repre sen tative  schem e , except tha t it  has been  overp lanted  to  a  ra tio  of 1.3 
(without changing the  grid  capacity). More  ene rgy is exported  on  an  ave rage  day 
(than  the  represen tative  schem e) and  no  ene rgy is lost. However on  the  h igh -
irrad ia tion  day, m ore  energy is exported  un til the  grid  capacity lim it is reached and  
the  schem e se lf-cu rta ils. 

7.7.6 Critica lly, as so lar pane ls age  and  degrade , losse s due  to  curta ilm ent will reduce 
peak ou tpu t during tim es of h igh  so lar irrad ia tion , and  the  ligh t b lue  lines show that 
fu ture  years overp lanted  schem es will export m ore  energy and  will no t incur any 
curta ilm ent. 

7.7.7 Schem es wh ich  are  ove rp lan ted  there fore  generate  m ore  low-carbon  e lectricity 
than  schem es wh ich  a re  not; and  increase  u tilisation  of the  ava ilab le  grid connection  
capacity through  the  schem e’s opera tiona l life  – a  key driver of the  schem e’s cost, 
and  a  key bene fit in  te rm s of m aking best use  of grid  connection  capacity wh ich  is 
curren tly and  is pro jected  to  rem ain  constra ined  over the  com ing decade . 

7.7.8 Degradation  of so lar pane ls occurs rough ly linearly, so  a ll so lar pane ls will degrade  
a t approxim ate ly the  sam e ra te . Th is m eans tha t, other than  in stances of fa ilure  of 
individua l pane ls (wh ich  wou ld like ly be  rep laced  under a  warran ted m ain tenance  
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arrangem ent) the  ro lling rep lacem ent of pane ls through  a  schem e’s ope rationa l life  
wou ld  re su lt in  the  d isposa l of pane ls be fore  the ir use fu l com m ercia l live s have  
expired. 

7.7.9 Not on ly does overp lan ting (or the  leve l to  wh ich  overp lanting is proposed) have  
com m ercia l drivers which  m ay d iffe r from  schem e  to schem e and deve lope r to  
deve lope r, bu t the  opportun ity to overp lan t is driven  by schem e-specific 
characte ristics, such  as ava ilab le  land  area, cable  access routes, and of course  grid 
connection  capacity. 

7.7.10 It is the re fore  expected  that so lar schem es will ove rp lan t whe re  possib le  wh ile  
ba lancing com m ercia l, geograph ica l and  environm enta l considera tions. 

Figu re  7.5: Illu s t r a t in g lo s t  e n e rgy d u r in g p e r iod s  o f h igh  ir ra d ia t ion  b u t  
gr e a t e r  low -ca rb on  e n e rgy a t  a ll o t h e r  t im e s on  ove rp la n t e d  so la r  sch e m e s  vs . 
1:1 sch e m e s 

 

[Au t h or  An a lys is ] 

7.7.11 The  Schem e  con tem pla te s overp lanting on  the  land parce ls identified  for 
deve lopm ent with in  connectable  proxim ity to  the  Poin t of Connection , wh ich  a llows 
The  Schem e  to m axim ise  its  u tilisa tion  of the  existing grid  connection  capacity at 
Nationa l Grid’s Cottam  substa tion  throughout its  opera tiona l life . 

7.7.12 The  Schem e , wh ich  score s h igh ly aga inst the  above  site  se lection  crite ria , and  seeks 
to m ake  best use  of the  grid  connection  capacity wh ich  has been  m ade  ava ilab le  to  
it, p re sents as a  h igh ly viab le  schem e and the re fore  wou ld  he lp  to ensure  that the 
need  for la rge-sca le  so la r generation  can  be  fu lfilled . Th is is  an  im portant and  
re levant factor in  the  decision -m aking process. 

  

Average day: higher output at all �mes

Planted 1:1 Overplanted (1 : 1.3)
Overplanted post degrada�on Connec�on Capacity

High irradia�on day: lost energy only when
degrada�on is low

Planted 1:1 Overplanted (1 : 1.3)
Overplanted post degrada�on Connec�on Capacity
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8 Decarbonisation can maintain or enhance security of supply 

8.1 Se t t in g t h e  sce n e  on  se cu r it y o f su p p ly 

8.1.1 Decarbon isation  is ju st one  of the  three  p illa rs of GB energy policy. Low carbon 
gene ration  of a ll form s, so la r, wind  and  nuclear included, brings with  it new 
cha llenges. Current and  fu tu re  energy policy and  re lated actions m ust a lso ensure 
that secu rity of supply is m ain ta ined , and  that e lectricity is a ffordable  for a ll. Th is 
chapter dem onstra te s how solar has con tributed , and  will continue  to  contribute , to  
security of supply in  Grea t Brita in . 

The government needs to ensure sufficient electricity genera ting capacity is ava ilable 
to meet maximum peak demand, with a  sa fety margin or spa re capacity to 
accommoda te unexpectedly high demand and to mitiga te risks such a s unexpected 
plant closures and extreme wea ther events. [5, Para  3.3.2]. 

The la rger the difference between ava ilable capacity and demand ... the more resilient 
the system will be in dea ling with unexpected events, and consequently the lower the 
risk of a  supply interruption. [5, Para  3.3.3]. 

A diverse mix of a ll types of power genera tion. . . helps to ensure security of supply. [5, 
Para  3.3.4]. 

A low-cost, Net Zero consistent system is likely to be composed predominantly of wind 
and sola r. [9, p43]. 

8.1.2 "Security of supply" m eans keeping the  ligh ts on  and  has two m ain  com ponents. 

• Ensuring tha t there  is enough  e lectricity gene ration  capacity ava ilab le  and  
opera tiona l to  m ee t dem and (adequacy); and 

• Ensuring that the  qua lity of e lectricity supplied  to custom ers fa lls with in  a  
narrow "quality" band during a ll reasonably fore seeable  opera tiona l 
circum stances and  is resilien t during rare  excursions from  th is band. 

8.1.3 This de fin ition  of adequacy includes not on ly the  capacity of gene ration  asse ts but 
a lso  the  ava ilab ility of sou rce  fue l to  those  asse ts in  order for them  to  genera te  
e lectricity. 

8.1.4 This chapter includes a  brie f in troduction  to  power system s and aspects of the ir 
opera tion , including fue l supply. The  cha llenges associated with  in tegra ting 
renewable  generators in to  existing system s are  characte rised , and  key poin ts on  the  
con tribution  of so lar gene ration  to  system  adequacy and  system  ope ration  are  
pre sen ted . Specifica lly: 
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• The  Schem e will provide  a  sign ificant capacity of low-carbon gene ra tion  to 
na tiona l system  adequacy targe ts; 

• The  Schem e  will m ake  a  sign ifican t con tribu tion  to  reducing the  UK's 
dependency on  fore ign  hydrocarbons as a  source  fue l; 

• The  d iversification  of GB’s e lectricity supplie s th rough  the  com m ission ing of 
both  so lar and  wind asse ts to  the  NETS, a longside  o the r low-carbon 
technologies, provides bene fits in  the  function ing of the  NETS and ensu ring 
power is ava ilab le  to  consum ers across the  coun try when  it is  requ ired , due  to 
its  requ irem en t to  ope rate  with in  the  stringent ope rability and  con tro l 
requ irem en ts of the  Grid  Code  [81]; 

• Techn ica l advances in  the  fie ld  of power e lectron ics and  o ther m easures a re  
sign ificantly increasing the  u tility of power gene ration  asse ts in  the  provision  
of se rvices and  protections wh ich  support grid  opera tion  [82]; 

• A program  of grid  investm en t and ope rationa l deve lopm ent by NGESO, 
regu la ted  by Ofgem , is a im ing for sa fe  and  secure  operation  of the  NETS at 
ze ro-carbon  by 2025 [67, p1] and  for fu ll decarbon isation  of the  e lectricity 
system  by 2035 [83]; and  

• By including the  possib ility of Electricity Storage  asse ts with in  the  p lanned 
deve lopm ent, the  Applicant will be  ab le  to  bring forward  and  insta ll ba tte ry 
ene rgy storage  system s to  a id  the  in tegration  of h igh  leve ls of renewable 
power generation  in to the  e lectricity m arke t, in  re sponse  to a  deve loping need. 

8.1.5 To provide  appropria te  con text and  understanding, Section  8.2 se ts ou t in  brie f an  
in troduction  to  a  num ber of h igh-leve l concepts of power system  ope ration  and 
Section  8.9 describes the  UK's current d irect and indirect dependency on  
hydrocarbon  im ports. 

8.2 An  in t rod u ct ion  t o  p ow e r  sys t e m  op e ra t ion s  

8.2.1 Power system s connect supply (sources of power, large ly gene rators) to  asse ts 
wh ich  dem and power (industria l, com m ercia l or dom estic custom ers). Power 
system s are  com plex; ye t they m ust be  designed  and  opera ted  safe ly, secu re ly, and  
econom ica lly. 

8.2.2 Governm ents de fine  policy to  ensure  tha t there  is su fficien t generating capacity (i.e . 
the  m axim um  ach ievable  leve l of power gene ration  wh ich  m ay be  connected  to  the  
NETS) ava ilab le  to  m eet m axim um  expected  dem and, with  secu re  and  econom ic 
supply cha ins for the  fue l they use  to  generate  e lectricity. Th is is  ca lled  adequacy. 

8.2.3 Key power qua lity characte ristics (including frequency, voltage , and  power shape ) 
m ust be  con tro lled  in  orde r to  m ain ta in  the  synchron icity of a ll asse ts. NGESO de fine  
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th is topic area as system  ope rability, specifica lly: "the  ab ility to  m ain ta in  system  
stab ility and  a ll o f the  asse t ra tings and  operationa l param ete rs with in  pre-de fined 
lim its sa fe ly, econom ically and  susta inably" [84, p5]. 

8.2.4 Protecting the  synchron icity of a  system  when an  asse t opera te s outside  of norm al 
expected  param e ters is  a lso  im portan t, and individua l transm ission -connected 
gene rators, such  as th is Schem e , m ust m ain ta in  the ir own  synchronicity with  the  
system  to  a  h igh  leve l of re liab ility. 

8.2.5 NGESO a lso  ensure  that power dem and, or load , and  power supply, a lways rem ain  
ba lanced. Balancing requ ire s the  righ t genera ting asse ts to  be  connected  and 
d isconnected to /from  the  right power leve ls, and  at the  right tim e . Th is can  
som etim es be  at short notice , in  response  to  em ergen t (fau lt) conditions. NGESO 
ca ll those  se rvices wh ich  support NETS stab ility and  operability are  called  Ancilla ry 
Services. 

8.2.6 The  voltage  leve l on  the  system  is dependen t on  the  type  and quan tity of gene rator 
and  dem and load  connected to  the  system  at the  tim e . Over volts occur when power 
dem and is low, and  load  is too ligh t. Voltage  collapse  occurs when load (particu larly 
from  heavy inductive  m ach inery) is  too  h igh . Reactive  power he lps to  m ain ta in  
voltage  leve ls, and  its  provision  by genera tors is a  m andatory service  for 
transm ission-connected  gene rators. 

8.2.7 System  frequency m ust a lso be  m ain ta ined: the  NETS operate s a t a  nom inal 50Hz. 
Un less genera tion  is schedu led  to m atch  dem and, when  system  load  increases, 
system  frequency d ips; and when system  load  is ligh tened , frequency increases. 
Because  dem and fluctua te s continuously through  the  day, frequency m ust be  
con tinuously m anaged, and  genera tors m ust the re fore  provide  frequency re sponse  
(FR) services. Unde r FR, genera tor output is ra ised  on  rece ip t of a  signa l from  the  
system  ope rator of a  fa lling frequency; and reduced  on  rece ip t of a  signa l from  the  
system  opera tor of a  rising frequency. Due  to  the  im pact of FR on  MW output, 
gene rators wh ich  are  ab le  to  provide  FR will u sua lly de te rm ine  the  price  they wou ld 
accept to  provide  the  se rvice  – output rem ains the  m ain  source  of incom e for 
gene rators. 

8.2.8 If a  sudden  and  unexpected  d isconnection  of e ither dem and or gene ration  occurs, 
frequency m ay change  rapid ly. System  inertia , a  m easure  of the  kine tic energy 
stored  in  rota ting m ach ines wh ich  a re  d irectly connected  to  the  NETS, he lps protect 
the  system  aga inst rap id  frequency changes. A system  with  h igh  ine rtia  is  le ss like ly 
to  experience  rap id  system  changes and  will there fore  be  m ore  stab le , reducing the  
risk of fau lts esca lating in to  wide  ranging e ffects on  gene rators and  custom ers [84, 
p43]. An  im portan t m e tric is the  Rate  of Change  of Frequency, (RoCoF) wh ich  
m easures how qu ickly the  e lectricity system  m ay m ove  from  a  stable  sta te  to  an  
unstable  sta te  fo llowing a  pe rturba tion . A system  with  low RoCoF is m ore  stab le . 
System  ine rtia  is  a  phenom enon  un ique ly im portant to  NETS because  of its  re lative ly 
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low leve ls of in te rconnection  to  other, la rger, e lectricity system s such  as is  the  case , 
in  particu la r, across Europe . 

8.2.9 This chapter expla ins how solar power genera lly, and  The  Schem e’s proposed  
ground m ounted  so lar PV pane l a rrays and  ba tte ry energy storage  system  
specifica lly, are  idea lly su ited  to  support NGESO’s needs in  m ain tain ing a  sa fe , 
secure  and  econom ic e lectricity system . 

8.3 Th e  op e ra t ion  o f h igh -RES e le ct r icit y t r a n sm ission  sys t e m s 

8.3.1 The  in tegration  of RES and the ir like ly e ffect on  e lectricity transm ission  system s, is 
not a  new topic. In  a  1991 pape r [85], M.J. Grubb foresaw that capacities of 
renewable  genera tion  will not be  lim ited ; and  there fore  that "proper m anagem ent" 
of those  capacities (a longside  any rem ain ing conven tiona l capacitie s) m ust be  
carried  ou t to  m ain ta in  a  stab le  e lectricity system . Over the  last 30 years the  
e lectricity industry has im plem ented  new processes as technologie s have  changed, 
and  stab le  opera tion  of e lectricity system s is now be ing ach ieved  with  h ighe r shares 
of renewable  gene ration  on  an  increasingly regu lar basis. For exam ple , Denm ark 
has consisten tly sourced  approxim ate ly 50% of its  e lectricity needs from  renewable  
gene ration  since  2019 [75, 76, 86, 120]. In  GB, the  share  of e lectricity generated  from  
renewable  sources was 44% during 2020 [13, Table  SV.23] and  43% during 2021 
[116, Table  ES.E.07]. High  proportions of renewable  genera tion  can  a lready be  
opera tiona lly accom m odated  with in  nationa l e lectricity system s. 

8.3.2 In  fore see ing a  need  for m ain ta in ing the  qua lity of e lectricity supplie s, Grubb 
identified  im portan t considera tions for system  operation , including rate  of change  
of frequency; system  opera tiona l con tro l and  fau lt conta inm ent; and  re serve  
opera tion . He  expla ined  how an  increase  in  renewable  generation  in fluences each  
one  and  saw a  critica l issue  as be ing the  de te rm ination  of how im portant each  
ancilla ry se rvice  becom es in  a  fu tu re  ene rgy system , and  how capable  the  
gene ration  asse ts connected  to that system  are  to  provide  critica l se rvices. 

8.3.3 The  NIC agree , sta ting tha t it  is  "Im portant that gene rators are  re sponsib le  for costs 
and  bene fits they im pose  on  the  system , such  as those  re lated  to  where  they situa te" 
[36, p40]. If they a re  not, o thers m ay do  it for them  (and potentia lly a t a  greate r cost 
to  the  end  consum er). 

8.3.4 The  activities associated  with  in tegrating renewable s in to  the  GB e lectricity system  
will increase  with  the ir pene tration  [87, p2]. Ene rgy ba lance  m ust be  m anaged at a ll 
tim es; and  as renewable  capacity increases, m ore  services will be  required  to rega in 
supply / dem and ba lance  and re ta in  system  contro l, particu larly when  dem and is 
e ither ve ry h igh  or ve ry low. 
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8.3.5 Im portan tly however, the  dynam ic behaviour characte ristics for a  h igh-RES system  
are  we ll understood. NGESO’s System  Operability Fram ework (SOF) [88, 89] 
describes these  in  specific re lation  to  the  GB e lectricity system . 

8.3.6 Further, te chnologica l advance , in  particu lar in  the  in troduction  of power e lectron ics 
in to  genera ting asse ts, is  increasing the  ancilla ry se rvices and  system  stability 
se rvices ava ilab le  from  use rs of the  e lectricity system , for exam ple , by im proving an  
asse t’s fast re sponse  to  system  frequency changes, and  the ir ab ility to  withstand 
pe riods of system  instab ility without d isconnecting. 

8.3.7 System  stab ility se rvices have  been  provided  by fast re sponse  ba tte ries as fa r back 
as NGESO’s Enhanced Frequency Response  se rvice , tendered  for in  2016 and 
recen tly rebranded as part of NGESO’s new frequency re sponse  product su ite . More  
recen t advances have  been  m ade  in  the  conversion  of therm al and  pum ped storage  
asse ts in to  synchronous inertia  providers in  re sponse  to  NGESO’s transm ission  
constra in t m anagem ent in itia tive . 

8.3.8 The  insta lla tion  of power e lectron ics a t low-carbon  genera tion  asse ts is  an  exciting 
deve lopm ent wh ich  will enable  them  to  provide  im portant system  stab ility se rvices 
[82] as part of the ir norm al da ily ope rationa l rou tine . By reprogram m ing the  d igita l 
power inverte rs a ttached  to  so lar pane ls, se rvices requ ired  by the  Electricity System  
Opera tor can  be  de live red . Solar fa rm s unde r deve lopm en t are  we ll p laced  to 
incorporate  sta te -of-the -art power e lectron ics in to  the ir designs, to  be  ab le  to  
provide  im portan t stab ility se rvices through the ir opera tiona l live s. Th is Schem e will 
be  no  exception , and  Chapte r 9 describes the  advan tages associa ted  with  provid ing 
such  services at the  Cottam  400kV Substation  to  wh ich  The  Schem e  is proposed  to  
connect. 

8.4 Con n e ct in g ge n e ra t o r s  t o  t h e  p ow e r  gr id  

8.4.1 The  e lectricity system  in  GB operate s a t two leve ls: the  h igh-voltage  NETS, and  the  
lower-voltage  Distribution  Networks. The  NETS m ain ly consists of 400kV, 275kV and 
132kV asse ts connecting separa te ly owned gene rators, in te rconnectors, la rge  
dem ands, and  d istribution  system s, and  curren tly consists of approxim ate ly 4,500 
m ile s of overhead  line , 1,000 m ile s of underground cable  and  350 substa tions. 

8.4.2 Grid  connection  is an  im portan t aspect of genera tion  pro ject viab ility and  
deve lopm ent tim esca les. The  se lection  and  u tilisa tion  of e fficien t grid  connections 
in  bene ficia l locations allows pro jects to  com e  forwards a t lower cost of generation  
and  u ltim ate ly he lps reduce  overa ll cost to  consum ers. By m axim ising the  
gene ration  capacity insta lled  beh ind  the  grid connection  poin t, grid connection  
u tilisation  is increased  and over the  life tim e  of the  pro ject, a  h ighe r volum e  of low-
carbon  e lectricity is gene rated  for a  single  ep isode  of construction  work. 
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8.4.3 Applica tions for connection  to the  NETS are  asse ssed  through  the  first-com e-first-
se rved  Connect and  Manage  process. 

8.4.4 Connect and  Manage  offe rs are  given  to  those  custom ers who request a  connection  
da te  ahead of when  any identified wide r transm ission  re in forcem en t works can  be  
com ple ted. The  connection  agreem ents conta in  the  requ irem ent for deroga tion  
aga inst the  Nationa l Electricity Transm ission  System  Security and  Quality of Supply 
Standards (SQSS) wh ich , once  approved, a llows for a  connection  to  be  m ade  ahead 
of those  wide r transm ission  re in forcem ent works. 

8.4.5 Wider transm ission  re in forcem en t works m ay be  requ ired  to ensure  that, once  
connected , e lectricity can  flow from  generators to  where  it is  needed without 
constra in t or h indrance . Gene ration  connections close  to  dem and centre s (e .g. la rge  
citie s or industria l areas) provide  the  opportun ity for the  bu lk transfer of power over 
short d istances, and  the re fore  attract both  capita l and  ope rationa l cost bene fits 
when  com pared  to  generation  connections fa r away from  where  the  power is 
needed. However, with  an  eve r-growing share  of renewable  gene ration  capacity on  
the  NETS, the  bu lk transfe r of power ove r long d istances rem ains vita lly im portan t, 
in  order to  keep  ligh ts on  across the  whole  country when  renewable  generation  
outpu t is h igh  on ly in  one  a rea . 

8.4.6 The  Ne twork Options Assessm en t (NOA) 2021/22 [121] included  recom m endations 
for investm en t of £215m  in  2021/22 across 94 asse t-based  pro jects to  m ain ta in  the  
option  to  de live r pro jects costing £21.7bn  – a  sign ifican t increase  in  the  previous 
NOA’s asse t-based  pro jects costing an  e stim ated  £13.9bn [90]. Investm ents in  2022 
wou ld  a llow Nationa l Grid  to m anage  the  fu ture  capability of the  GB transm ission 
ne twork aga inst an  energy landscape  of sign ifican t decarbon isa tion  over the  com ing 
decades [91, p6]. Investm ents a re  requ ired  to  expand the  transm ission  ne twork to 
ensure  that GB has a  power system  capable  of de livering on  its 2030 renewable s 
am bitions and  the  UK’s broader ne t ze ro  targe t and  energy security a im s. Costs will 
u ltim ate ly be  recovered  from  consum er b ills . As such  it is in  the  in te re sts of 
consum ers to  m axim ise  the  e fficiency and e ffectiveness of existing and  new 
transm ission  connections and ensure  va lue  for m oney is secured for any wide r 
re in forcem en t works wh ich  m ay be  requ ired  as a  re su lt o f new locations. 

8.4.7 However, not a ll existing loca tions a re  necessarily e fficien t. Connecting new asse ts 
to  parts of the  NETS which  a re  a lready overloaded, or to  parts where  the  new asse t 
m ay contribu te  to  existing new seasonal flows of power or ne twork instab ilitie s, m ay 
increase  e ithe r the  in frastructure  cost of the  connection , or the  ongoing opera ting 
cost of the  NETS, both  of wh ich  u ltim ate ly im pact consum er b ills . 

8.4.8 The  Schem e proposes to  connect to  an  existing Nationa l Grid  substa tion  (Cottam  
400kV) which  is loca ted on  one  of the  m ajor connections be tween Keadby in  the  
north  and  three  m ajor 400kV transm ission  lines wh ich  provide  connections to  
dem and centre s in  the  south  and  London . Cottam  400kV substa tion  is a lso 
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connected  d irectly to  the  Grid  Supply Poin ts (GSP) a t West Burton , Staythorpe  and 
Stoke  Bardolph . GSPs supply power from  the  NETS down to  loca l ne tworks. The  West 
Burton , Staythorpe  and  Stoke  Bardolph  substations supply prim ary substa tions in  
im portan t cen tre s of dem and in  Newark and  Nottingham  as we ll as provide  power 
fu rther throughout the  county. 

8.4.9 Figure  9.1 shows a  schem atic of the  loca l NETS. By proposing th is Poin t of 
Connection , The  Schem e  is m aking use  of an  existing connection  poin t and existing 
transm ission  in frastructu re  in  a  way which  does not pre sen t the  risk of overload  or 
congestion  on  the  NETS during any pe riod  of fore seen  operation , and  provides a  
regiona l sou rce  of loca lly genera ted  bu lk low carbon  supplie s of e lectricity to  
consum ers both  loca l to  The  Schem e  and m ore  wide ly across the  coun try. Section  
9.2 d iscusses th is poin t fu rther and  provides additiona l evidence  wh ich  supports th is 
h igh ly su itab le  Poin t of Connection  for the  Schem e . 

8.5 Ce n t ra lise d  a n d  d e ce n t ra lise d  ge n e ra t ion  

8.5.1 Genera tion  asse ts can  be  cen tra lised  (connecting to  the  NETS) or decentra lised 
(connecting to  the  d istribu tion  ne tworks). Decen tra lisation  of genera tion  is expected  
to con tinue  in  a ll FES 2021 scenarios, driven  by the  growth  in  sm alle r sca le  
renewable  genera tors. Many sm all genera tors do  not connect d irectly to  the  h igh  
voltage  nationa l transm ission  system  (NETS), bu t ra the r to  the  m edium  or low 
voltage  d istribution  system s [92, p34]. 

8.5.2 Currently 31% of a ll generation  capacity is connected  to the  d istribu tion  ne tworks, 
and  FES scenarios pro ject tha t by 2050, the  proportion  m ay deve lop  to be tween  25% 
and 39% [116, Table  ES1]. The  proportion  of generation  capacity in  2050 connected 
to  the  d istribution  ne tworks has decreased  year-on-year in  Nationa l Grid  ESO’s 
pro jections, re flecting the  increased com plexity associa ted  with  connecting 
gene ration  to  d istribu tion  ne tworks; and  enabling works identified  in  the  NOA (see  
Section  8.4) wh ich  a im s to  increase  the  capacity of the  NETS in  as a ffordable  way as 
possib le  [121]. 

8.5.3 Distribu tion  ne tworks ope rate  a t a  lower voltage  than  the  transm ission  ne tworks, 
and  a re  located closer to  poin ts of fina l dem and, so genera tors wh ich  connect to  
these  system s m ust have  sm alle r capacitie s than  those  wh ich  connect to  the  NETS. 
As a  consequence , in  order to  connect the  sam e to ta l genera tion  capacity, m ore  
connections wou ld  be  requ ired  a t the  d istribu tion  ne twork leve l (a t a  potentia lly 
greate r overa ll cost to  consum ers) than  wou ld  be  requ ired  d irectly in to the  NETS; 
however, be ing closer to  dem and centres, su itab le  land  and  acceptable  p lann ing 
proposa ls m ay be  m ore  d ifficu lt to  secu re . 

8.5.4 However d istributed  gene ration  capacitie s grow, the  rep lacem en t and  growth  of 
transm ission  connected  asse ts is a lso  fore seen . Although d istributed generation  will 
con tribute  to  m eeting carbon  em issions targe ts, increasing ene rgy secu rity and  will 
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le ad  to  som e  reduction  in  dem and on  the  m ain  gene ration  and  transm ission  system , 
governm ent does not be lieve  they will rep lace  the  need  for new la rge -sca le  
e lectricity in frastructure  to m ee t UK energy objectives (see  quota tion  be low). 

8.5.5 The  recent im plicit m arke t pre fe rence  for decen tra lised  gene ration  connections 
shou ld  be  understood in  the  context of GB’s na tiona l e lectricity system , with  74GW 
of generation  curren tly connected  to  the  transm ission  ne twork and  34GW to  the  
d istribution  ne twork [116, Table  ES1]. 

8.5.6 FES 2022 scenarios [116] show that capacity connected  to  the  d istribution  ne tworks 
is like ly to  grow at sim ila r or h ighe r leve ls than  capacity connected  to  the 
transm ission  ne twork. In  2050, be tween  2.7 and  4.3 tim es 2021’s d istributed 
gene ration  capacity m ay be  connected  to d istribu tion  system s, wh ile  the  m ultip lie r 
for transm ission-connected  asse ts ranges be tween  3 and  3.2. NGESO scenarios 
indica te  a  tota l of 202 – 239GW capacity in sta lled  a t the  transm ission  connected  leve l 
by 2050 for Net-Zero  com plian t pro jections. 

8.5.7 Distribu tion  ne tworks were  origina lly designed predom inan tly to  transport power 
to consum ers. They were  not designed to connect sign ifican t capacitie s of e lectricity 
gene ration . By virtue  of the ir ro le  in  transfe rring power from  the  bu lk NETS to 
businesses, bu ilt facilitie s and  houses, m any distribu tion  ne tworks are  in  bu ilt up 
a reas, away from  areas of la rge  na tura l resource  potentia l. Geograph ica l and 
techn ica l constra in ts m ay there fore  arise  as generators continue  to  be  connected  to 
these  ne tworks, applying upward  pre ssure  to the  costs and  durations requ ired  to 
grant a  connection  agreem en t. Th is m ay m ate ria lise  as sign ifican t cost, tim ing, and 
com plexity conside rations both  for asse t deve lopers as we ll as for consum ers who 
u ltim ate ly pay for the  deve lopm en ts and  the  ope ration  of the  com plex d istribution  
system s which  resu lt. Fu rther: 

Government does not believe tha t decentra lised and community energy systems a re 
likely to lead to significant replacement of la rge-sca le infra structure. Interconnection 
of la rge-sca le, centra lised electricity genera ting facilities via  a  high voltage 
transmission system enables the pooling of both genera tion and demand, which in 
turn offers severa l economic and other benefits, such a s more efficient bulk transfer 
of power and enabling surplus genera tion capacity in one a rea  to be used to cover 
shortfa lls elsewhere. [5, Para  3.3.29]. 

8.5.8 NGESO has a lso  m ade  m any public sta tem ents on  the ir support for the  connection  
of e lectricity gene ration  technologie s wh ich  provide  a  d iverse  ene rgy m ix to ensure  
that they can  continue  to  m anage  supply and  dem and, for exam ple  [67, 93]. 

8.5.9 In  reviewing the  in form ation  ava ilab le , it  is  the  Applican t’s view tha t large -sca le  so la r 
m ust be  conside red  as additiona l to , as opposed  to  in stead  of, the  need  for 
con tinued  deve lopm ent in  d istribu tion  connected , sm alle r sca le  so la r, and  th is 
includes the  deve lopm en t of rooftop  so lar. 
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8.5.10 In  conclusion , the  need  for d istribution  connected  generation , including sm alle r 
sca le  and  m icro-sca le  so la r, is  in  addition  to , not the  p lace  of, the  need  for additiona l 
transm ission  connected  genera tion . The  deve lopm en t of d istribu tion  connected 
gene ration  will no t do away with  the  need for furthe r transm ission  connected 
capacities, indeed  the  fu rther deve lopm en t of transm ission  connected  asse ts is 
e ssentia l in  order to  connect the  sca le  of new capacity requ ired  to  m eet Net Ze ro  
requ irem en ts. The  Schem e , wh ich  will connect to  the  NETS, will be  we ll p laced  to 
support grid  adequacy through  its proposed transm ission  ne twork connection . 
Further, the  power it gene rate s will e fficien tly feed  in to both  the  loca l d istribution  
ne tworks and  the  NETS, m axim ising the  opportun itie s to  supply low-carbon  power 
in  the  m ost e fficien t way across the  widest possib le  geography. 

8.6 Tra n sm iss ion  con n e ct e d  ge n e ra t ion  a sse t s  in t e gra t e  w it h  e le ct r icit y 
sys t e m s  m ore  t r a n sp a re n t ly t h a n  d is t r ib u t ion  con n e ct e d  ge n e ra t ion  

8.6.1 As described in  Section  8.6, large  genera ting asse ts are  connected  to  transm ission 
system s and  m any sm alle r genera tors are  linked  e ithe r to  custom er connections or 
d istribution  ne tworks. Som e of the  m ost re levan t d iffe rences be tween transm ission- 
and  d istribution- connected  genera tor characte ristics are  listed  in  Table  8.1. 

Ta b le  8.1: Ch a ra ct e r is t ics  of t r a n sm iss ion - a n d  d is t r ib u t ion -con n e ct e d  
ge n e ra t o rs  

 
[Au t h or  a n a lys is ] 

8.6.2 Distribu tion -connected  gene rators a lso  contribu te  to  m eeting nationa l dem and, but 
because  of the  way they a re  connected , they e ffective ly se lf-d ispatch  when they are  
ava ilab le  and  offse t nationa l dem and, thereby reducing the  transm ission  dem and 
leve l wh ich  transm ission -connected  asse ts m ust m ee t. The  connection  leve l of an  
asse t im pacts the  bene fits it b rings to  b ill paye rs. Four m ajor considerations are : 

• Transm ission  connected  asse ts provide  visib ility of the ir expected  generation  
to the  na tiona l ene rgy m arke t and  NGESO as part of the ir licence  to opera te . 
Th is increases transparency in  the  m arke t and  a llows sensib le  econom ic 

Transmission Distribution
Description Connected to NETS at high voltage. Connected to distribution network at lower voltage 

(distributed) or into end use customer systems (micro). 
Collectively called Distributed Generation.

Size Typically large (100s of MW). Typically small (<30 MW) to very small (single kW).
Technical 
Compliance

Required to conform to regulations and standards 
for critical service provision and response 
characteristics including reactive power, frequency 
response and fault ride-through.

Minimum technical thresholds are not as stringent but 
are increasing as a result of system interconnection 
requirements. Conformity with required standards may 
be harder to enforce.

Dispatch Centrally dispatched by NGESO with known 
reliability.

Generally locally dispatched with unknown reliability; 
outside of the direct control of NGESO.

Measurements Metered to a high degree of accuracy, forecast 
output signalled to NGESO.

Largely unmetered, indications of availability, forecast 
output not required to be provided to NGESO.
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decisions to  be  m ade  by a ll m arke t p laye rs, including NGESO, in  both  p lann ing 
and  ope rationa l tim esca le s to  ensu re  tha t power dem and and system  security 
needs are  m e t with  the  least possib le  cost;  

• Transm ission  connected  asse ts are  requ ired  to  be  ava ilab le  for in struction  by 
NGESO. They are  requ ired  to  participate  in  the  Balancing Mechan ism  (BM) 
m aking the ir flexib ility ava ilab le  (a t a  transparent and  cost-re flective  price ) to  
ensure  that supply and dem and rem ain  ba lanced  at a ll tim es. The  BM allows 
NGESO to  access uncom m itted  asse t flexib ility, as a  m arke t of last (though 
frequently used) resort. Th is can  be  to  re so lve  constra in ts on  the  NETS; to 
provide  Balancing Services to  support NETS ope ration ; or to  ba lance  supply 
with  dem and. By contrast, d istribu tion  asse ts a re  not requ ired  to do  th is, 
a lthough  voluntary ba lancing m arke ts a re  currently under deve lopm ent for 
sm alle r asse ts a t the  d istribu tion  leve l. By having m ore  asse ts opera ting in  the 
BM, the  BM becom es m ore  com pe titive  and  the  options ava ilab le  to  NGESO to 
use  for system  ba lancing expands. These  two poin ts drive  to  a  m ore  a ffordable  
and  m ore  secure  e lectricity system . 

• While  transm ission  system s have  h istorica lly been  designed to  a llow for the  
connection  of la rge  gene rating asse ts, d istribu tion  system s have  not. 
Connecting gene ration  asse ts of any m ean ingfu l size  to  d istribu tion  system s is 
becom ing m ore  d ifficu lt and  m ore  expensive  (u ltim ate ly to the  b illpaye r); and 

• The  m andatory requ irem ents for a  genera tor to  connect to  the  NETS include  
m in im um  requ irem en ts for fau lt pro tection  as we ll as system  ancilla ry se rvices 
(e .g. Obliga tory Reactive  Power Se rvices). Distribu tion  connected asse ts 
curren tly have  d iffe rent fau lt p rotection  requ irem en ts (wh ich  are  a lso harder 
to  en force ) a lthough  access to  system  ancilla ry se rvices is expected  to  grow 
in to  the  fu tu re . Transm ission-connected  asse ts a re  there fore  d iffe ren tia ted  in 
that they a re  de-facto  requ ired  to  support system  opera tion  in  m any ways as 
part of the ir connection  agreem en t. 

8.6.3 Decentra lisa tion  is not in  itse lf a  stra tegy or a  requ irem en t of the  energy system  but 
is  a  trend  which  will go  som e way to  de live ring a  flexib le , low-carbon and  affordable  
ene rgy system . 

8.6.4 By connecting m ore  asse ts a t the  d istribution  leve l, le ss power flows on  the  
transm ission  system , and  the  un it cost of running the  GB NETS increases and m ore  
investm ent is requ ired  to  re in force  d istribu tion  system s so that they can  
accom m odate  m ore  gene ration . Ope ration  of a  prim arily d istributed nationa l 
e lectricity system  wou ld  a lso like ly be  sign ifican tly m ore  com plex than  the  opera tion 
of one  with  a  m ajority core  of transm ission  connected  asse ts, the reby incu rring 
additiona l costs for consum ers.  The  connection  of m ore  asse ts to  the  d istribution  
system  wou ld  a lso require  investm ent in  e ithe r additiona l power transfe r capability 
to  and  from  the  NETS or additiona l loca l low-carbon  gene ration  to  m anage  loca l 
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peak power security of supply, adding additiona l cost and  com plexity ve rsus a  
system  with  a  h igher proportion  of transm ission -connected  asse ts. 

8.6.5 Electricity consum ers, e ithe r d irectly or indirectly, th rough  the ir energy b ills , p ick up 
costs re lated  to  both  transm ission  and  d istribu tion  system s, including m arke t 
ine fficiencie s, econom ic decision  m aking, asse t investm ents, ba lancing actions and 
transm ission  and d istribu tion  system  enhancem en ts, so  ene rgy b ills  will rise  if 
existing asse ts are  unde ru tilised  and/or re inforcem ents a re  requ ired  on  other 
system s. 

8.6.6 The  NETS rem ains an  im portant m easure  to  m ain ta in  in te rregiona l connectedness, 
support the  m eeting of na tiona l dem and from  geograph ica lly d isparate  sou rces [14, 
p182] and  keep  power flowing to  consum ers with  the  h igh  leve ls of re liab ility 
consum ers have  com e  to  expect. 

8.6.7 The  in te raction  of em bedded gene ration  with  the  ba lancing of the  transm ission  
ne twork is com plex, which  is one  reason  why it is  im portan t to  m ain ta in  d ive rsity of 
gene ration  asse ts across technology choice , scale  and  connection  voltage . 

8.6.8 By connecting to  the  NETS a t the  proposed  Poin t of Connection , The  Schem e  brings 
bene fits to  the  NETS by: 

• Replacing transm ission -connected  asse ts wh ich  a re  closing; 

• Increasing power flows on  the  NETS, thus lowering un it operating costs for a ll 
u se rs; 

• Making use  of ava ilab le  transm ission  capacity (there fore  not increasing system  
m anagem ent or system  opera ting cost); and 

• Transparen tly conform ing to  Grid  Code  operability requ irem en ts. 

8.7 Sola r  p la ys  a n  im p or t a n t  ro le  in  d ive r s ifyin g re n e w a b le  ge n e ra t ion  
sou rce s  t o  m a in t a in  a d e q u a cy a n d  m in im ise  cu r t a ilm e n t  

8.7.1 The  uncontro llab le  natu re  of the  weather ra ise s a  potentia l cha llenge  to  the  ab ility 
of so la r gene ration  to p lay a  sign ificant ro le  in  e lectricity supply re la te s to  the  
uncontro llab le  na ture  of the  weathe r. However the  variab ility of so la r genera tion  
can  be  m itiga ted  by: 

• Deve loping la rge r gene ra tion  capacitie s (to  m axim ise  ou tpu t du ring periods of 
low irrad iation ); 

• Connecting asse ts to  d iffe rent parts of the  NETS; 
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• Deve loping pro jects with  gene ration  profile s wh ich  are  com plem entary to 
so la r (for exam ple  wind: see  Section  8.8); or 

• Deve loping in tegration  technologies (for exam ple , batte ry storage  or 
participation  in  the  hydrogen  econom y). 

8.7.2 There  are  seve ra l other technologies wh ich  can  a lso  be  used  to com pensa te  for the  
in te rm ittency of renewable  generation , such  as e lectricity storage , in te rconnection 
and  dem and side  response  [5, Para  3.3.12]. 

8.7.3 Ueckerdt e t a l [94, p2] describe  im portan t conside rations for the  in troduction  of RES 
to  power system s. These  a re  described  in  Table  8.2. 

8.7.4 Uncerta in ty m ay m an ife st in  that the  leve l of the  dem and or supply of power m ay 
be  h ighe r, or lower, than  was expected . Ye t it  is a  fundam enta l prope rty of a ll 
e lectricity system s tha t dem and and supply m ust be  ba lanced a t de livery. 
Im provem ents in  dem and and supply forecasting wou ld  he lp  m in im ise  ba lancing 
e ffort, and  "in tegra tion  m easures" are  working as part of, and a longside  renewable 
gene rators to  provide  necessary upward  and  downward  regu la tion . 

8.7.5 An exam ple  of loca l specificity is that south  east England has be tte r potentia l for 
p len tifu l so lar gene ration  than  the  south  west, because  of its  h ighe r irrad iance  
leve ls. The  sou th  west m ay be  be tte r su ited  to  onshore  wind  generation  because  the  
a rea  is dom inated  by fre sh  weste rly coasta l winds. Variab ility is  best described  by 
the  d iffe rence  be tween  sum m er and  winter power dem and, or genera tion. 
Genera tion  variab ility is  broadly forecastable . To im prove  the  like lihood of be ing 
able  to  ensure  system  adequacy from  renewable  gene rators in  a ll bu t the  m ost 
un like ly of m eteorologica l situations, a  large  portfo lio of in te rconnected  asse ts from  
as broad  as possib le  a  range  of technologies and  geography m ay be  bene ficia l. 

8.7.6 The  Schem e  is an  im portan t part of the  growing so la r generation  portfo lio , whose  
dependable  ou tpu t is  growing (see  Section  8.8). As shown in  Figure  7.4, The  Schem e 
is proposed to  be  located  in  one  of the  h igher so la r irrad ia tion  areas of the  UK. Th is 
increases the  bene fit it  will b ring to  the  UK, in  re la tion  to  the  bu lk genera tion  of low-
carbon  e lectricity pe r MW insta lled . 
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Ta b le  8.2: Com p le xit ie s  a ssocia t e d  w it h  r e n e w a b le  e n e rgy sou rce  va r ia b ilit y in  
p ow e r  sys t e m s 

[94, p 2] 

8.8 Th e  sys t e m  a d e q u a cy o f so la r  ge n e ra t ion  

8.8.1 System  adequacy is prim arily m anaged th rough  the  GB Capacity Marke t. In  re turn  
for capacity paym ents, e ligib le  asse ts agree  to  genera te  a t or ove r a  m in im um  
com m itm ent (the ir "dera ted  capacity") wheneve r NGESO (subject to  a  pre scribed  
process) de te rm ine  that additiona l gene ration  outpu t is  requ ired  in  GB in  order to  
"keep the  ligh ts on ." BEIS included wind and  so la r technology with in  the  GB capacity 
m arke t in  2019 [95] and  both  onshore  wind  and  so la r have  been  re in troduced  to  the  
Con tracts for Diffe rence  m echan ism  in  tim e for Alloca tion  Round 4, wh ich  concluded 
in  sum m er 2022 with  2.2GW of so lar capacity across 66 pro jects securing con tracts 
to  de liver in  2023/24 or 2024/25. 

8.8.2 While  the  Capacity Marke t is  not open  to  asse ts wh ich  a lready hold  CfD contracts, 
the  inclusion  of renewable  generation  technologie s in  the  Capacity Marke t 
unde rlines the  con tribution  it can  m ake  to  system  security: 

The system is typica lly better off with intermittent capacity than without it – wind 
fa rms, for example, can contribute to overa ll security of supply. [96, p114]. 

8.8.3 It shou ld  be  noted  tha t renewable  asse ts a lso  a lready participa te  in  capacity 
m echan ism s in  other h igh ly volatile  e lectricity m arke ts, such  as Ire land’s Single  
Electricity Marke t, and  parts of the  US. 

8.8.4 By m easuring the  capacity u tilisa tion  of a  se t of gene rating asse ts ove r a  m onth , it  is  
possib le  to  ca lcu la te  the  variation  in  de livered  gene ration  from  m onth-to-m onth  as 
a  proportion  of in sta lled  capacity. Stable  capacity u tilisation  (he re  ca lled  Gene ration  
Dependability) is  im portant because  it re la tes to  the  re liab ility of, and  there fore  
NGESO’s ab ility to  depend on , forward forecasts of genera tion  outturn . At the  m acro  
leve l, a  greate r re liab ility of gene ration  outturn  a llows for a  m ore  e fficien t and 

Complexity Description Implication
Uncertainty Weather forecasts incur an inherent 

unpredictability bringing uncertainty to both 
demand and supply sides of the requirement to 
balance power.

Balancing activities (including injection and 
withdrawal of power from BESS) will grow as 
renewable generation capacities increase.

Local 
Specificity

Renewable assets must be built to complement 
their local environment, in order to maximise 
their yield.

A localised preference for most suitable 
technologies will emerge, diversity should be built in 
where possible.

Variability While weather forecasts incur uncertainty, the 
weather itself is also variable.

Over timescales from hours to seasons, generation 
levels from renewable assets may be very different. 
A larger portfolio of RES will provide a larger 
dependable power level than a smaller portfolio.
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ta rge ted  asse t deve lopm ent program  to be  rolled  out; and lower requ irem en t for 
(fossil fue lled) backup plan t, without creating an  excess of generation  capacity. 

8.8.5 Figure  8.1 d isp lays th is m e tric, ca lcu la ted  at a  m onth ly leve l using 2019 and 2020 
actua l m arke t da ta , for GB wind generation  (b lue  line ) and  so la r genera tion  (orange  
line ). It shows the  seasonality of wind  load  in  GB: low in  the  sum m er m onths but 
h ighe r in  the  Au tum n through  Spring. It a lso  shows the  seasonality of so la r 
gene ration  in  GB: h igh  in  the  spring and sum m er m on ths and  lower in  au tum n and 
winter. The  output associa ted  with  an  illu strative  com bined  portfo lio is shown  by 
the  green  dashed  line . 

8.8.6 Genera tion  Dependability is im proved when d ive rse  RES technologie s are  deployed 
a longside  each  other in  the  sam e e lectricity system : the  green  dashed line  is a lways 
be tween  the  b lue  and orange  lines and is fla tte r than  the  other two lines, showing a  
lower variation  from  m onth -to-m onth  through the  year. 

8.8.7 A growing portfo lio of so la r generation  wou ld there fore  com plem en t the  existing 
and  growing GB wind portfo lio  to  de liver a  com bination  of low-carbon  gene ration  
with  a  gene ration  dependability wh ich  is im proved ove r that of the  separa te  
technologies. Th is in  tu rn  will he lp  reduce  (bu t not fu lly rem ove) the  need  for 
in tegration  technology capacity to  m anage  gene ration  variab ility across m any 
tim efram es, including long-te rm  storage  of excess genera tion . 

Figu re  8.1: Illu s t r a t ive  Ge n e ra t ion  De p e n da b ilit y fo r  a  com b in e d  p or t fo lio  of 
so la r  a n d  w in d  in  GB 

[Au t h or  a n a lys is ] 
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8.8.8 An Im peria l College  expe rt econom ic ana lysis of whole  system  costs of renewable s 
agrees: they show that the  in tegration  costs of RES fa ll on  an  absolu te  basis, as 
capacity increases from  10GW up to  50GW [97]. 

8.8.9 The  Nationa l In frastructure  Com m ission  a lso  com m issioned  a  whole  system  cost 
ana lysis, the  re su lts of wh ich  were  published  in  2020 [23]. NIC’s ana lysis 
com plem ents that of the  Im peria l College  team , suggesting that "that the re  is no 
m ateria l cost im pact, e ither over the  short or long te rm , of deploying renewable s 
faste r. Renewable s a re  now the  cheapest form  of e lectricity generation  due  to  
dram atic cost reductions in  recent years." 

8.8.10 An ana lytica l m ode l has been  deve loped by the  Author to  illu stra te  the  m utua l 
com patib ility of so la r and  wind gene ra tion . The  m ode l eva luate s the  con tribution  
m ade  by d iffe rent types of GB generation  to  ove ra ll GB consum ption  needs 
throughout a  year bu t does not take  in to  accoun t the  requ irem ent to  ba lance  supply 
and  dem and on  a  short-te rm  basis. 

8.8.11 The  ana lysis, based  on  2015 to  2019 actua l data  so  as to  avoid  any one-off im pacts 
from  e ithe r outlie r weather or the  COVID-19 pandem ic, shows that power dem and, 
so la r gene ration  and wind gene ration  pa tte rns change  th rough the  year, and  a lso  
takes in to  account scenarios from  the  FES [116, Data  Workbook] regard ing how 
dem and leve ls and  shape  (including e lectricity dem and for heat, transport and 
hydrogen  production ) are  an ticipated  to  evolve  in to  the  fu ture . The  m ode l re su lts 
a re  shown in  Figure  8.2. 

8.8.12 Opera tiona l m etering has been  used  to de te rm ine  average  load factors by m onth  
for each  of the  gene ration  types listed. By extrapola ting load  factors onto scenarios 
of forward  capacity, the  graph  shows tha t the  governm en t’s cu rrent targe t of 40GW 
of offshore  wind  operationa l by 2030 (an  increase  of 27GW on  2022 leve ls) wou ld , 
when  deve loped a longside  pro jections of onshore  wind and base load  low-carbon 
power, gene rate  su fficien t power to m eet e stim ated  winter (October to  March) 
dem and. 

8.8.13 However, because  of the  seasonality of wind  gene ration  in  UK te rritory, 40GW of 
offshore  wind  wou ld  not be  su fficien t to  m ee t sum m er (April to  Septem ber) 
dem and. 

8.8.14 Approxim ate ly 35GW of so lar (an  increase  of 21GW on  early 2022 leve ls) wou ld 
neatly "fill the  gap" during sum m er m on ths without de livering significan t over-
gene ration  in  win ter periods. To  m eet 2030 sum m er leve ls without so la r gene ration , 
a  furthe r ~15GW of offshore  wind genera tion  (i.e . a  tota l in sta lled  capacity of ~55GW, 
5GW h igher than  governm en t’s curren t capacity am bition  for offshore  wind  [50]), o r 
an  additiona l c.7GW of low-carbon  base load gene ration  (two new Hinkley Poin t C 
equ iva lent power p lan ts), wou ld  be  requ ired  to be  bu ilt in  the  next 10 years. 
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8.8.15 However, by bu ild ing ou t e ither an  additiona l 7GW of low-carbon base load  
gene ration  or 15GW of offshore  wind generation  to m eet sum m er dem and leve ls 
without so la r, the re  wou ld  be  sign ificant over-gene ration  of power in  the  winter 
pe riods (of be tween  12% and 16%). Over-genera tion  m ay be  cu rta iled (e ither a t a  
cost to  the  consum er or by reducing ava ilab le  revenues to  asse t ope rators) or 
stored . If revenues are  reduced  for asse t opera tors, in  som e cases asse ts m ay not 
be  com m ercia lly a ttractive  and  there fore  m ay not ge t bu ilt out. 

8.8.16 As the  techn ica l and  econom ic viability of in te r-seasonal storage  advances, m ore  
options will becom e  ava ilab le  for optim ising GB’s genera tion  m ix in  re la tion  to 
ba lancing capita l deploym ent, deve lopm en t risk, the  ava ilab ility of su itab le  locations 
and  ongoing system  ope rations (e .g. cu rta ilm ent). However, based  on  curren t 
asse ssm en ts, it  is  clear that the  deploym ent of la rge -sca le  so la r a longside  that of 
offshore  wind , onshore  wind and  low-carbon base load asse ts, p rovides the  
opportun ity for a  lower capita l, lower cu rta ilm ent (there fore  lower cost) energy 
system  through  d ive rsity of asse t type  than  that provided  by scenarios wh ich  do not 
include  so la r genera tion . 

8.8.17 There fore , it  can  be  concluded that a lthough  individua l renewable  asse ts a re  
variab le  genera tors, the  genera tion  dependability of a  portfo lio  wh ich  consists of 
d iffe rent renewable  technology classe s is m ore  stab le , and  the  gene ra tion  profiles 
of a  d ive rse  range  of low-carbon  gene rators wou ld  com bine  to  m eet seasonal 
ave rage  dem and leve ls without requ iring sign ificant and unproductive  capita l 
investm ent or seasonal excess gene ration , or ine fficien t ne twork /  system  ope rating 
costs. There  are  m any in tegra tion  m easures a lready ava ilab le , or a lready in  
deve lopm ent, wh ich , ove r short periods, he lp  ba lance  e lectricity gene ration  from  
variab le  gene rators to  m ee t dem and, and  to  ensure  that the  best use  is m ade  of 
low-carbon  e lectricity when  it is  be ing genera ted  in  ove rsupply. For exam ple , Batte ry 
Energy Storage  System s (BESS), Pum ped Hydro  or In te rconnectors. 

8.8.18 One  prom inen t in tegration  m easure , a lso  included in  The  Schem e  descrip tion , is  the  
BESS. BESS, and  the ir su itab ility for the  proposed  location  of th is Schem e , are  
described  m ore  fu lly in  Section  11.5. However, until in te r-seasonal storage  is 
brought forwards at sca le  and  at grid  parity costs, the  m ost e fficien t m easures for 
seasonal ba lancing of renewable  genera tion  include  increasing the  capacity and 
geograph ic d ive rsity of renewable  genera tors, including o the r asse ts with  
com plem entary seasonal genera tion  profile s; and  m anaging shorte r te rm  
in te rm ittency through  storage  or other m easures. 

8.8.19 Solar is  an  e ssentia l asse t class wh ich  is needed to  support a  h igh  leve l of genera tion  
adequacy and  gene ration  dependability with in  the  GB e lectricity system  withou t 
incu rring excessive  capita l spend, nor causing sign ificant system  in tegration  costs or 
ine fficiencie s. 
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Figu re  8.2: De p loyin g 35GW of la rge -sca le  so la r  a lon gs id e  gove rn m e n t  offsh ore  
w in d  a m b it ion s  (40GW) m e e t s  a n t icip a t e d  se a son a l d e m a n d  le ve ls  

[13, Ma rke t  d a t a , Au t h or  a n a lys is ] 

8.8.20 The  Schem e, as a  leading la rge-sca le  so lar schem e  in  GB, represents c.2% of the  
additiona l so lar gene ra tion  capacity pro jected  in  Nationa l Grid’s Fu ture  Energy 
Scenarios wh ich  are  com patib le  with  Net-Zero. In  th is con text, The  Schem e  is 
there fore  an  e ssen tia l stepping stone  towards the  fu tu re  of e fficien t 
decarbon isa tion  th rough  the  deploym en t of la rge-sca le , technologica lly and  
geograph ica lly d iverse  low-carbon  gene ration  asse ts. 

8.9 Re d u cin g re lia n ce  on  fossil fu e ls  

8.9.1 Energy leade rs from  around the  world  ga the red  in  Paris for the  2022 In te rnationa l 
Energy Agency (IEA) Min iste ria l Meeting in  la te  March  2022, and  from  that m ee ting 
sen t a  strong m essage  of un ity on  the  need  to strengthen  energy secu rity, reduce  
m arke t volatility and  acce le rate  clean  ene rgy transitions worldwide . 

8.9.2 With  increasingly in te rconnected  m arke ts - in  e lectricity as we ll as source  fue ls, 
shocks in  one  geography can  be  fe lt th rough  ne ighbouring m arke ts and  m ore  
broadly. Oil and coa l, h istorica lly in te rnationa l m arke ts, d rive  globa l price s through 
supply cha ins wh ich  connect source  and  need , and  the  m yriad  of m arke ts and  
exchanges wh ich  a llow swaps and  trades to  be  transacted  across the  world . 
Although  gas has h istorica lly been  supplied  th rough  p ipe line  (i.e . fixed) 
in frastructure , Lique fied  Natu ra l Gas (LNG) has becom e  increasingly prom inen t in  
connecting gas supplie s with  m arke ts and gas is now m uch m ore  of a  globa l m arke t 
than  once  it was.  
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8.9.3 In  2021, BEIS unve iled  p lans to  decarbon ise  UK power system  by 2035. The  p lans 
focus on  bu ild ing a  secure , hom e-grown  energy sector tha t reduces re liance  on  
fossil fue ls and  exposure  to  vola tile  globa l whole sa le  energy price s [83]. 

8.9.4 The  first quarte r of 2022 dem onstrated  how the  UK is exposed  to  vola tile  energy 
price s th rough  in te rnationa l ene rgy m arke ts in  coa l gas and  o il. Price  rise s in  2022 
have  and will con tinue  to filte r th rough  to  consum er b ills . While  the  UK once  was 
ene rgy independent, it now is dependent on  im ports of coa l and  gas in  winter 
m onths, wh ich  increases our exposure  to vola tile  in te rnationa l prices, Exposure  is 
e specia lly h igh  when e ither dem and is h igh  in  other m arke ts (e .g. a  deep  cold  period 
in  Sou th  East Asia  in  la te  2020) or supply is risked  through  the  weapon ization  of 
ene rgy supplie s, as was th rea tened  in  early 2022. 

8.9.5 In  April 2022, HM Governm en t published  the  British  Ene rgy Security Stra tegy [50]. In  
it, the  then  Prim e  Min iste r wrote  tha t: 

If we’re going to get prices down and keep them there for the long term, we need a  
flow of energy tha t is a ffordable, clean and above a ll, secure. We need a  power supply 
tha t’s made in Brita in, for Brita in. [50, p3] 

8.9.6 The  British  Energy Security Strategy se ts ou t the  im m edia te  need  to m anage  the 
financia l im plica tions of soaring com m odity price s in  the  near te rm , on  households 
and  businesses wh ich  a re  a lready fee ling econom ic pa in  as the  post-Covid cost of 
living has risen : “The  first step  is to  im prove  ene rgy e fficiency, reducing the  am ount 
of ene rgy that households and  businesses need." [50, p5]. 

8.9.7 However the  strategy a lso  se ts out the  long-te rm  goal of “address[ing] our 
unde rlying vu lnerability to  in te rna tiona l o il and  gas price s by reducing our 
dependence  on  im ported  o il and  gas”. [50, p6]. 

8.9.8 In  the  near-te rm , the  stra tegy se ts out a  h igh-leve l action  p lan  to  upgrade  the  ene rgy 
e fficiency of a t le ast 700,000 hom es in  the  UK by 2025, and  to  ensure  that by 2050 
a ll UK bu ild ings will be  energy e fficien t with  low-carbon  heating. Furthe r, the  stra tegy 
se ts ou t an  in ten t to  phase  ou t the  sa le  of new and rep lacem en t gas boile rs by 2035. 
[50, p12]. 

8.9.9 The  strategy a lso  note s the  im proved cost com petitiveness of e lectrica lly powered 
heat pum ps which  can  d isp lace  natu ra l gas from  use  in  hom es and  bu ild ings. 
Gove rnm ent is  targe ting 600,000 hea t pum p insta lla tions per year by 2028 and a im s 
to  expand heat ne tworks and  designated  heat ne twork zones to  fu rther the  
e lectrifica tion  of hom e  and com m ercia l heating. A “Rebalancing” of the  costs p laced 
on  ene rgy b ills  away from  e lectricity is a lso  in tended to  incentivise  e lectrification  
across the  econom y and acce le rate  consum ers and  industry's  sh ift away from  
vola tile  globa l com m odity m arke ts ove r the  2020s. [50, p12]. 
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8.9.10 Carbon  Captu re  Usage  and Storage  (CCUS) re ta ins its  im portant poten tia l ro le  in  a  
decarbon ised  econom y. Governm ent a im s to  de live r on  the ir £1 b illion  com m itm en t 
to  fou r CCUS cluste rs by 2030, with  the  first two site s se lected  in  the  North  East and 
North  West currently proceeding through  Track 1, with  the  Scottish  Cluste r in  
re serve . [50, p15]. 

8.9.11 The  British  Energy Security Stra tegy a lso  recognise s the  critica l ro le  of renewable s in  
acce le rating the  transition  away from  fossil fue ls, and  note s that renewable  capacity 
in  the  UK is cu rrently se t to  increase  by a  fu rthe r 15% by the  end  of 2023. However 
fu rther and  faste r actions are  requ ired  to increase  ou r nationa l energy security and 
reduce  our dependency on  fossil fue ls, and the  exposure  consum ers currently have  
to  the ir vola tile  price s. 

8.9.12 The  Stra tegy a im s to: 

• Cut p lann ing consen t process tim e by over ha lf th rough, am ong other 
m easures, strengthen ing the  Renewable  Nationa l Policy Sta tem ents (EN-3) to 
re flect the  im portance  of ene rgy secu rity and  ne t ze ro; 

• Increase  the  pace  of deploym en t of Offshore  Wind by 25% to  de liver up  to 
50GW by 2030, including up  to 5GW of innovative  floa ting wind. Wind will 
con tribute  over ha lf the  UK’s renewable  generation  capacity by 2030. [50, p16]; 

• Consider a ll options including Onshore  Wind th rough  the  im provem ent of 
na tiona l e lectricity ne twork in frastructu re  and  support of a  num ber of new 
English  pro jects with  strong loca l backing, so  prioritising “putting loca l 
com m unitie s in  contro l" of loca l onshore  so lu tions. Repowering of existing 
onshore  wind  site s is a lso  under conside ration . [50, p18]; 

• Support a  5-fo ld  increase  in  deploym ent of so lar technology by 2035, 
recogn ising the  abundan t source  of so lar energy in  the  UK and an  85% 
reduction  in  cost over the  last ten  years, o f so la r power. For ground-m oun ted 
so la r, the  strategy indica te s a  fu tu re  consu lta tion  on  p lann ing ru le s to  
strengthen  policy in  favour of deve lopm ent on  non-protected  land, wh ile  
ensuring com m unitie s con tinue  to  have  a  say and  environm en ta l protections 
rem ain  in  p lace . [50, p19]; 

• Increase  UK plans for deploym ent of civil nuclear to  up  to  24GW by 2050 – th ree  
tim es m ore  than  operationa l capacity in  2022, and  representing up  to  25% of 
our pro jected  e lectricity dem and. Th is includes the  in ten tion  to take  one  
pro ject (Sizewe ll C) to  Fina l Investm ent Decision  (FID) du ring the  current 
Parliam ent, and  two pro jects to  FID in  the  next Parliam en t, including Sm all 
Modu lar Reactors, subject to  va lue  for m oney and re levan t approvals. [50, 
p21]. The  se lection  process for furthe r UK projects is an ticipa ted  to  be  in itia ted 
in  2023 [50, p22]; and 
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• Double  the  UK am bition  for hydrogen production  to up to  10GW by 2030, with  
a t least ha lf of th is from  e lectro lytic hydrogen  [50, p22], facilita ted  by bringing 
forwards up  to  1GW of e lectro lytic hydrogen  in to  construction  or opera tiona l 
sta tus by 2025. 

8.9.13 Acce le rating the  dom estic supply of clean  and  affordable  e lectricity a lso  requ ire s 
acce le rating the  connecting ne twork in frastructu re  to  support it, and  the  British  
Energy Security Strategy a lso  includes m easures designed to  increase  the  pace  of 
im provem ents and  enhancem en ts to  the  Nationa l Electricity Transm ission  System  
to enable  the  connection  of the  requ ired  leve l of renewable  generation  capacity 
both  with in  the  2030 tim efram e  and beyond. 

8.9.14 Work has a lready com m enced in  th is regard  with  the  form ation  of a  Futu re  System  
Opera tor (a  nationa l organ isa tion  taking over the  ro le  of Electricity System  Operator, 
curren tly carried  ou t by Nationa l Grid) and  program s of action  such  as the  annual 
NOA and (ongoing at the  tim e of writing) Holistic Network Design , part of the 
Offshore  Transm ission  Network Review, wh ich  a im s to deve lop a  stra tegy to 
coordina te  in te rconnectors and  offshore  ne tworks for wind  farm s and  the ir 
connections to  the  onshore  ne twork and  bring forward  any legisla tion  necessary to 
enable  coordination . 

8.9.15 Critica lly the  British  Ene rgy Security Stra tegy includes actions wh ich  have  a lready 
been  described  and  discussed  e lsewhere  in  th is Statem en t of Need. Bringing 
forward  e lectricity in to  hom e  heating (as described  previously), and  supporting the  
ro llout of e lectric veh icle s as part of Governm ent’s e lectric veh icle  in frastructure  
stra tegy, will increase  dem and for e lectricity in  fu ture  years, from  potentia lly as early 
as 2023. 

• The  Socie ty of Motor Manufacturers and  Traders reported  a  100% increase  in  
Batte ry Electric Veh icle  (BEV) sa les in  the  UK in  the  year-to-date  (end March-22) 
ve rsus the  sam e  period  last year, and  over 16% of a ll new veh icle  pu rchases in  
the  UK in  March-22 were  BEV. Ongoing grants (ava ilab le  until a t le ast March-
23) and cheape r runn ing costs are  an ticipated to con tinue  to  push  EV m arke t 
share  ove r the  com ing years. [63]; and 

• Governm ent is  facilita ting the  adoption  of e lectricity in to  transport th rough  its 
Electric Veh icle  In frastructure  Strategy (March  22) [64] wh ich  se ts ou t the  
expectation , by 2030, of there  be ing around 300,000 public chargepoin ts as a  
m in im um  in  the  UK [up  from  just 30,000 in  the  first quarte r of 2022], bu t there  
potentia lly be ing m ore  than  double  tha t num ber, de live ring “Effortless on  and  
off-stree t charging for priva te  and  com m ercia l drive rs” [64, pp4&5]. 

8.9.16 The  ro llout of a  sign ifican tly h igher capacity of renewable  genera tion  is the re fore 
requ ired  to m eet decarbon isation  as we ll as energy security a im s and the  u rgency 
for de livery as increased . 
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8.9.17 Nuclear is  poised  for its  second UK rena issance , but wou ld  on ly de live r its  first 
m egawatthours from  the  m iddle  of the  2030s. Rem em bering tha t the  UK’s nuclear 
rena issance  of the  2000s re su lted  in  the  construction  (currently ongoing) of ju st one  
nuclear power sta tion . 

8.9.18 Although  the  British  Energy Security Stra tegy a im s to  ach ieve  FID a t one  m ore  
nuclear power sta tion  by the  end  of the  current parliam en t, it  is  im portan t to  
recogn ise  the  sign ificant politica l, financia l and  de live ry risk associated  with  nuclear 
deve lopm ent. The re  is a  long road  ahead  be fore  any m egawatthours of clean  ene rgy 
gene rated  from  nuclear technologie s can  be  “banked” in  the  fight aga inst clim ate 
change . 

8.9.19 CCUS re ta ins its  im portan t p lace  with in  the  British  Ene rgy Security Stra tegy, bu t as 
an  enabler of e lim inating carbon  em issions from  fossil fue l u se , ra ther than  
e lim inating the  fossil fue l use  itse lf, has not a ttracted  a  m ore  prom inent ro le  re la ting 
to energy secu rity, than  that with  wh ich  it has a lready been  tasked  in  the  Ene rgy 
White  Paper and  the  Prim e  Min iste r’s Ten  Poin t Plan . 

8.9.20 The  increase  in  am bition  for hydrogen  generation  (for u ses as described  in  Section  
12.4) as se t ou t in  the  British  Energy Security Strategy furthe r supports the  
deve lopm ent of grea te r capacitie s of renewable  gene ration  and with  greate r 
u rgency. 

8.9.21 The  pa th  to nationa l contro l of na tiona lly generated  e lectricity and reduction  of 
exposure  to  the  volatile  prices associa ted  with  in te rnationa l supplie s of fossil fue ls, 
and  the  path  to a  low-carbon ene rgy system  of the  fu ture , wh ich  m in im ises 
potentia lly ca tastroph ic changes to  the  globa l clim ate , are  the  sam e path . 

8.9.22 This Sta tem ent of Need se ts out the  case  for the  urgen t deve lopm en t of low carbon 
sources of e lectricity in  the  UK. The  British  Energy Security Strategy provides an  even  
sharper focus on  both  the  sca le  and  the  u rgency to  de liver new low carbon 
gene ration  capacity, and  The  Schem e  is idea lly su ited  to  p lay an  e ssentia l ro le  in  
m ee ting that urgen t need .  

8.10 Th e  Sch e m e  w ou ld  m a ke  a  s ign ifica n t  con t r ib u t ion  t o  t h e  se cu r it y, 
a d e q u a cy a n d  d e p e n d a b ilit y o f t h e  GB e le ct r icit y sys t e m  

8.10.1 The  UK has been  natura lly gifted  with  substan tia l renewable  ene rgy resources, 
including 40% of Europe ’s wind  resource  [5, Para  3.4.3] and  la rge  a reas of 
deve lopable  land  which  rece ive  h igh  leve ls of so lar irrad iation . These  re sources 
m ust be  harnessed  to  decarbon ise  ou r econom y, and  in  Section  7.4 it was 
dem onstrated  tha t without so la r generation , the  cha llenge  faced  by the  UK in 
m ee ting its  decarbon isation  ta rge ts wou ld  be  sign ificantly harder. 



 Sta tem en t of Need 
January 2023 

 
 

 
103 | P a g e  

 

8.10.2 Section  8.8 described  an  ana lysis of the  gene ration  dependability of so lar genera tion  
with in  the  GB renewable  technology class, and  the  im portan t ro le  so la r will p lay 
a longside  offshore  wind in  m ee ting dem and th rough  the  year without causing 
sign ificant unproductive  costs th rough the  curta ilm ent of generation  for system  
opera tion  purposes. For these  reasons the  Au thor be lieves tha t capita lising on  the 
progress m ade  to da te  in  bringing unsubsid ised  so la r forwards in  GB shou ld  be  
active ly supported. 

8.10.3 Connection  to  the  transm ission  system  is of sign ificant im portance , enabling an  
unencum bered  and  e fficien t transfe r of bu lk power across the  country, in  order to  
provide  e lectricity to  wherever and  whenever it is  needed. Section  8.6 described  the  
m easures requ ired  of transm ission  connected so lar gene ration  to  support system  
operability due  to  its  connection  to  the  NETS. 

8.10.4 Global expe rtise  in  the  opera tion  of e lectricity system s with  h igh  proportions of RES 
is growing. Technologies wh ich  he lp  the  in tegra tion  of renewable  asse ts to  the  grid 
a re  be ing deve loped, a re  a lready in  operation  in  the  UK. However, so la r asse ts a re  
increasingly ab le  to  provide  im portan t system  se rvices them se lves, and  in tegration  
asse ts (such  as BESS, wh ich  a re  included in  The  Schem e’s proposa l, see  Section  11.5) 
a re  be ing deployed to do  the  sam e, as we ll as to  m anage  short-te rm  supply / 
dem and vola tility. 

8.10.5 Growth  in  so la r capacity, a longside  other renewable  technologie s, is  expected  to 
im prove  the  dependability of those  asse ts as a  com bined portfo lio, and  th is is 
expected  to  reduce  further any in tegration  costs associa ted  with  such  growth . 

8.10.6 The  Schem e, if approved, wou ld  con tribute  to  an  adequate  and  dependable  GB 
gene ration  m ix, through  enabling the  generation  of m ore  low-carbon power from  
indigenous and renewable  re sources. There fore , the  approval, construction  and 
opera tion  of The  Schem e  will m ake  a  sign ificant con tribution  to  GB’s energy security 
needs, and  the  decarbon isa tion  needs of the  UK. 
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9 Forward infrastructure plans and operability needs of the 
NETS near to The Scheme’s proposed point of connection 

9.1 Un d e rs t a n d in g t h e  t r a n sm iss ion  n e t w ork  close  t o  t h e  p rop o se d  p o in t  
o f con n e ct ion  

9.1.1 This chapter describes aspects of the  NETS in  the  vicin ity of The  Schem e. Annually, 
NGESO perform  an  ana lysis of the  NETS from  both  an  SQSS and power flow 
capability pe rspective . Th is ana lysis can  be  found in  the  Electricity Ten  Year 
Statem en t (ETYS), and  options to  im prove  power flow capability can  be  found in  
NGESO’s (NOA) publications. In  particu lar, the  ETYS looks at whe ther the  cu rrent 
ne twork a llows GB nationa l dem and to be  m et (the  ”security” crite ria ), and  whether 
gene ration  is and  will rem ain  unconstra ined  (the  “econom y” crite ria ). The  NOA then  
identifie s, asse sses and  recom m ends (where  appropriate ) specific upgrade  pro jects 
wh ich  m eet the  fu ture  needs as an ticipa ted  in  the  ETYS. 

9.2 Ne t w ork  t op ogr a p h y 

9.2.1 The  Schem e  will connect in to  the  NETS at Cottam  400kV Substa tion, an  existing 
Nationa l Grid  substation  near Retford  in  Nottingham sh ire . 

9.2.2 The  substation  is situated  in  NGESO’s North  Midlands and  North  Wales a rea; an  a rea  
wh ich  is connected  to  the  surrounding NETS as illu stra ted  in  Figure  9.1. It is  located 
ju st be low the  B8 boundary. Th is boundary is not hard, nor physical, bu t d ivides 
a reas with in  wh ich  NGESO characte rise  power flows. The  strength  and  capacity of 
connections with in  the  North  Midlands and  North  Wales area, including the  lines to  
wh ich  The  Schem e  will connect, con tribute  to  the  transfer capacitie s availab le  across 
the  system  boundaries. The  system  boundarie s wh ich  a re  im portan t to  the  Schem e 
are : 

• B8 North  of England to Midlands wh ich  is one  of the  wider boundarie s that 
in te rsects the  cen tre  of GB, separating the  northern  gene ration  zones 
including Scotland , Northern  England and North  Wales from  the  Midlands and 
sou the rn  dem and cen tre s. 

• B9 Midlands to Sou th  of England which  separa te s the  northern  gene ration  
zones and  the  southern  dem and cen tre s. 

• The  North  Wales boundary NW3 lie s to  the  west of the  North  Midlands and 
North  Wales area  and is a lso  re levan t because  fu ture  offshore  wind  and 
b iom ass gene ration  connecting in  North  Wales have  the  poten tia l to  drive  
increased  power flows eastward  in to  the  Midlands where  power p lan t closu res 
a re  se t to  occur, and  dem and is se t to  rem ain  fa irly h igh . 
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Figu re  9.1: Th e  NETS in  t h e  vicin it y of t h e  Po in t  of Con n e ct ion  

[98, Ap p e n d ix A] 

9.2.3 Cottam  400kV is a  m ain  substation  on  an  im portan t part of the  NETS, loca ted 
be tween  the  dem and cen tres of the  Midlands and  the  south  and the  northe rn  
gene ration  zones (shown  in  Figure  9.1), p rovid ing re silience  th rough  strength  in  
depth  to  the  NETS to  enable  very h igh  leve ls of re liab ility to  a ll u se rs. 

9.2.4 The  North  Midlands and  North  Wales NETS area  is an  a rea  of h istorica lly strong coa l 
fired  gene ration  and  is growing in  im portance  because  of the  enduring CCGT 
gene ration  located  in  the  a rea , as we ll as h igh  dem and and power flow from  current 
and  p lanned renewable  gene ration , Be ing loca ted  near to  im portan t a reas of 
dem and, supply and  power flow, ve ry h igh  re liab ility and  deep  re silience  of the  NETS 
to  poten tia l transien t ope rating sta tes is  of vita l im portance  to m ain ta in  connection  
for a  sign ifican t part of GB’s re sidents, se rvices and  com m erce . 

9.2.5 By connecting to  the  existing Cottam  400kV substa tion  The  Schem e  will be  p laying 
an  im portan t ro le  in  the  continued  provision  of bu lk power with in  the  NETS area , 
wh ich  is then  able  to  be  transported  across the  en tire  NETS and to wherever it is 
dem anded. The  NETS links to the  loca l d istribu tion  ne tworks through  Grid  Supply 
Poin ts (GSPs) a t West Burton , Staythorpe  and Stoke  Bardolph . Th is m eans tha t low 
carbon power generated  at The  Schem e will be  transm ittab le  for u se  by loca l 
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re sidents and  businesses withou t sign ificant transm ission  losse s, as we ll as be ing 
transm ittab le  m ore  wide ly across the  NETS and to whereve r e lectricity is dem anded. 

9.2.6 The  2021 ETYS [98] wh ich  addresses the  proper function ing and  deve lopm en t of the  
NETS, rathe r than  loca l (d istribution ) ne tworks, includes the  fo llowing re levant 
poin ts: 

• Futu re  offshore  wind  and  b iom ass genera tion  connecting in  North  Wales have  
the  potentia l to  drive  increased  power flows eastward  in to  the  Midlands where  
power p lan t closures are  se t to  occur, and dem and is se t to  rem ain  fa irly h igh; 

• In  a  h igh ly decentra lised  scenario  like  Leading the  Way, loca l gene ration  
capacity connected  at the  d istribution  leve l in  th is weste rn  region  cou ld  reach  
23GW by 2030; 

• Across a ll FES scenarios, North  Midlands and  North  Wales m ain ta ins a  re lative  
ba lance  be tween its growth  in  gross dem and and transm ission  connected 
gene ration  capacity. North  Midlands and  North  Wales is not and  is not 
expected  to  becom e  a  heavily exporting or im porting region  be fore  2050; 

• By 2030, the  scenarios suggest a  tota l am oun t of transm ission  connected 
gene ration  capacity of be tween  17GW to  21GW, a  m odest increase  from  the  
curren t 17GW; 

• At pre sen t, th is region  has sign ifican t leve ls of fossil fue l (about 14GW) and a ll 
Futu re  Energy Scenarios show a  decline  in  fossil fue l.  For a ll Ne t-Ze ro 
com plian t scenarios, fossil fue l gene ration  is not pre sen t in  the  region  by 2050; 

• A sign ificant growth  in  low carbon  technologie s is  an ticipa ted  in  th is region . 

9.2.7 Nationa l Grid  will con tinue  regu larly to  asse ss the ir deve lopm ent p lans for the  fu ture  
m anagem ent of flows across boundarie s in  the  vicin ity of The  Schem e 's proposed 
loca tion , a  key input to  these  p lans will be  the  potentia l capabilities of any asse ts 
p lanned to  connect in  the  a rea  in  the  com ing years, including The  Schem e. 

9.2.8 Figure  9.2 shows the  fu ture  an ticipa ted  gene ration  capacity in  the  North  Midlands 
and  North  Wales transm ission  zone .  The  chart shows tha t in  those  scenarios wh ich  
a re  expected  to  enable  the  UK to  m ee t its  ne t Zero  com m itm ents, the  am ount of 
low-carbon  and  renewable  gene ration  expected  to  connect be fore  2050 will grow 
from  its curren t leve l of circa  1GW to  be tween  15 and  32GW. 

9.2.9 The  need  for ne twork re in forcem ent in  th is region  – as with  a ll regions – a re  kept 
a re  under constant asse ssm ent review in  the  la te st NGESO’s annual NOAs, m ost 
recen tly published in  Ju ly 2022 [121], re levant poin ts of wh ich  a re  d iscussed in  the  
fo llowing Section .The  Schem e 
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Figu re  9.2: Fu t u re  a n t icip a t e d  ge n e ra t ion  ca p a cit y b y t e ch n o logy t yp e  in  t h e  
vicin it y of Th e  Sch e m e  fo r  Ne t -Ze ro  com p lia n t  sce n a r ios  

[98, p 35] 

9.2.10 The  connection  of in tegra tion  technologie s a t the  proposed  Poin t of Connection , 
wh ich  is one  of the  characte ristics of The  Schem e  will, if granted, provide  additiona l 
options to NGESO to  m anage  flows across the  boundary in  an  e fficien t way, by 
provid ing a  re source  wh ich  cou ld  be  ca lled  upon by NGESO to  provide  services to  
re so lve  any additiona l ope rationa l cha llenges or constra in ts on  th is im portan t a rea 
of the  NETS which  m ay from  tim e  to  tim e  arise . 

9.3 Loca l n e t w ork  op e r a b ilit y con s id e ra t ion s  

9.3.1 Power flows past Cottam  substa tion  a re  cu rrently circa  1-2GW, in  a  north-sou th  
d irection . NGESO have  forecast the se  to  double  in  the  2030/31 tim efram e, when 
severa l la rge  offshore  wind areas to  the  north  of the  coun try connect, m oving 
ave rage  power flows up  to circa  3GW [98, Appendix C]. 

9.3.2 Current circu it ra tings (See  Table  9.1) indicate  2-3GW of transfe r capacity from  
Cottam  substation  to  other substa tions to  the  north  and  south . Through  the  NOA 
process, Nationa l Grid  continue  to  eva luate  the  need  for ne twork re in forcem ent to  
address any fu ture  potentia l capability, capacity and  resilience  issues a rising as a  
re su lt of low carbon  renewable  deve lopm en ts na tiona lly and  in  specific a reas of the 
country 
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9.3.3 Iden tified  pro jects include  a  therm al circu it uprate  be tween  Keadby and West 
Burton  in  2024, a  reconductoring of the  Cottam  to  Keadby circu it in  2025 and 
upgrades to  other m ajor “arte rie s” wh ich  transfe r power from  the  north , th rough 
the  Lincolnsh ire  a rea , to  southern  circu its. These  have  been  identified  principa lly to  
facilita te  fu tu re  an ticipa ted  offshore  wind  pro jects. 

Ta b le  9.1: Fu t u re  for e ca s t  pow e r  flow  ca p a b ilit y a t  Co t t a m  

[98, Ap p e n d ix B, Da t a  Ta b le s ] 

Voltage  Management 

9.3.4 No specific issues have  been  identified  in  re lation  to  Voltage  Managem ent a t the  
proposed  poin t of connection . 

9.3.5 Long double-circu it ove rhead  lines have  potentia l to  cause  loca l voltage  
m anagem ent issues, especia lly fo llowing a  fau lt on  m ajor a rte ries connected  to 
those  lines. Such  a  fau lt, a lthough  h igh ly in frequen t, cou ld  force  power to  trave l a  
longe r way from  its supply poin ts (e .g. wind  from  northe rn  connected  offshore  wind 
fa rm s) to  its  dem and (a reas of denser popu la tion  and  industry) by having to  route  
via  the  rem ain ing (un fau lted) transm ission  lines. Voltage  con tro l m ust be  applied 
loca lly, th rough loca l reactive  power provision . Dynam ic voltage  support, as cou ld 
be  provided  by the  inverte rs connected  to The  Schem e’s so la r pane ls and  there fore  
connected  to  the  Poin t of Connection , m ay be  of sign ificant u se  to  NGESO in  
m anaging voltage  in  the  a rea. 

Stability issues 

9.3.6 Stability is  a  description  of the  dynam ics of a  power system  unde r norm al or fau lt 
d isturbances. A stab le  system  is one  where  fau lts take  tim e  to  propagate  and  are  
there fore  m anageable  by we ll-unde rstood m easures and  with in  p lann ing 
tim esca le s. Any area  of the  NETS with  h igh  power flows m ay be  prone  to  in stab ility, 
particu la rly a t tim es of h igh  loca l gene ration  wh ich  needs to  be  exported  from  the  
a rea. NGESO m ay therefore  need to  bolste r the  resilience  of the ir system , in  order 
to  be  we ll-prepared  to  be  ab le  to  m anage  any fau lts wh ich  occur. Som e  m easures 
wh ich  support system  stab ility m ay be  provided  by loca lly-connected  asse ts wh ich  
a re  fast-acting and/or qu ick-ram ping. 

To Substation
Spring 
(MVA)

Summer 
(MVA)

Autumn 
(MVA)

Winter 
(MVA)

Grendon 2009 1911 1746 1911
Keadby 2212 2125 1979 2125
Ryhall 2779 2569 2217 2569
Staythorpe 2212 2125 1979 2052
West Burton 3326 3160 2971 3160
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9.3.7 The  re lationsh ip  be tween the  location  of new or existing genera tion  asse ts, the  
transm ission  system s around them , and  ove ra ll system  strength  rem ains com plex. 
By the ir pre sence , gene ration  asse ts support short circu it leve ls, the re fore  the  
loca tion  of those  asse ts, particu larly ones wh ich  a re  ab le  to  provide  system  services 
(see  Table  11.1) will be  im portant in  a reas of h igh  NETS power flows. 

9.3.8 No specific issues have  been  identified  in  re la tion  to stab ility issues a t the  proposed 
poin t of connection  for The  Schem e. 

9.3.9 Nationa l Grid  asse ss boundary p lann ing requ irem en ts in  the  NETS in  re la tion  to  two 
assessm en t crite ria :  

• Security, wh ich  re la te s to  the  boundary transfer requ irem ents need  to sa tisfy 
dem and withou t re lying on  in te rm itten t gene rators or im ports from  
in te rconnectors; and 

• Econom y, wh ich  re la te s to  the  boundary transfe r requ irem ents when dem and 
is m e t with  h igh  outpu t from  in te rm itten t and  low carbon  gene rators and  
im ports from  in te rconnectors. 

9.3.10 Together these  crite ria  ensure  that boundary transfer capacity is adequate  to  
transm it power across boundarie s from  source  to  dem and to  an  adequate  degree  
of re liab ility wh ile  ensuring that va lue  for m oney is secured  for the  consum er from  
ne twork investm ents. 

9.3.11 The  com m ission ing of a  la rge -sca le  so la r schem e  which  connects to  the  NETS a t the 
proposed Poin t of Connection  wou ld  con tribu te  towards both  of the  above  
asse ssm en t crite ria  and reduce  the  requ irem en t for bu lk transm ission  of power in  
from  other loca tions. Ancilla ry se rvice  provisions such  as those  ava ilab le  from  solar 
and  /  or storage  asse ts, as described  in  Table  11.1, a re  a lso  like ly to  becom e 
increasingly im portan t in  m any locations in to  the  fu ture  to contribute  to  the  prope r 
function ing of the  loca l NETS. 

9.3.12 We the re fore  conclude  that the  connection  of The  Schem e  to  the  loca l NETS will not 
cause  any additiona l specific loca l or regiona l ope rability conce rns e ithe r now or in to 
the  fu ture . 

9.4 A con clu s ion  on  sys t e m  se cu r it y 

9.4.1 Innovation  in  generation  m ust not be  a llowed to  cha llenge  secu rity of supply, but a  
lack of innovation  in  generation  m ust not be  a llowed to  risk ach ieving 
decarbon isa tion  targe ts. Few m arke t com m enta tors and  participants have  fa ith  in  
the  ab ility of a  single  new technology to  bridge  the  energy gap  bu t the  curren t and 
im portan t fu tu re  ro le  of so la r power in  GB is increasingly recogn ised , in  particu la r in  
re lation  to  techn ica l deve lopm ents in  the  so la r sector in  recent years. For exam ple : 
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R&D brings the promise of new and much more efficient renewable-genera tion 
vintages. The most exciting of these probably lie with sola r. [96, p66]. 

9.4.2 Moreover, wh ilst the  prom ise  of a  single  saviour technology is exciting, the  fact is 
that no  su itab le  standa lone  technology has ye t em erged  which  will m ee t a ll o f 
governm ent’s em erging policies. It is the re fore  fa r m ore  like ly to be  the  deploym ent 
of a  range  of d iverse  technologies, critica lly including so lar, o the r renewables, 
storage  and  o the r low-carbon  technologies, which  will de live r a  su fficien tly m atu re  
ene rgy m ix a t the  sca le  requ ired  to  m ee t GB’s needs of energy secu rity, wh ile  
m ee ting carbon  reduction  targe ts. 

9.4.3 This is in  line  with  curren t gove rnm ent policy, in  that the  NPS se t out a  case  for the  
need  and  urgency for new ene rgy in frastructure  to  be  consented and bu ilt with  the  
objective  of supporting the  governm en t’s policie s on  susta inable  deve lopm ent, in  
particu la r by: 

• Mitiga ting and adapting to clim ate  change; and 

• Contributing to  a  secu re , d ive rse  and affordable  ene rgy supply. [6, Para  1.3.1]. 

9.4.4 In  ligh t of these  observa tions, the  fo llowing conclusions a re  m ade: 

• The  connection  of a  large -sca le  so lar schem e connected  to  the  NETS a t the  
proposed  Poin t of Connection  will con tribute  to  na tiona l system  adequacy and 
decarbon isa tion  targe ts; 

• Connecting a  la rge-sca le  so lar schem e  at the  proposed  Poin t of Connection  will 
a lso  enable  NGESO to increase  the  leve l of dependence  they can  p lace  on  
expected renewable  generation  ou ttu rn  nationa lly and  wou ld provide  a  supply 
of bu lk low-carbon  gene ration  to  consum ers both  in  the  a rea  loca l to  the  Poin t 
of Connection  and  a lso na tionally 

• The  se rvices wh ich  (by virtue  of its  in tended sca le  and  d irection  connection  
a rrangem ents with  the  NETS) are  m andatory for The  Schem e  to provide , are  
like ly to  be  bene ficia l to  NGESO in  securing the  NETS in  the  loca l a rea; 

• The  loca l NETS appears to  have  su fficien t transfe r capacity to be  ab le  to  
incorporate  The  Schem e withou t requ irem en t for upgrades specifica lly to  
enable  its connection ; and 

• The  ancilla ry se rvices ava ilab le  from  a  la rge -sca le  so lar and  ene rgy storage 
asse t connected  to the  NETS m ay provide  sign ifican t system  security bene fits 
and  will support the  ongoing opera tion  of th is a rea  of the  NETS. 

9.4.5 The  Schem e , wh ich  consists of a  large -sca le  so la r generation  asse t, and includes 
co lloca ted  ene rgy storage , supports UK decarbon isa tion ; supports GB e lectricity 
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supply adequacy, and provides m uch needed system  se rvices in  support of GB 
e lectricity system  ope ration . In  sum m ary, the  obse rvations listed  above  will a ll he lp 
to  keep  in  check the  pe r-un it cost of transm ission  system  m anagem ent, a  cost wh ich 
is charged  to a ll u se rs of the  NETS, as we ll as con tribute  to  uphold ing the  security of 
the  NETS in  the  area  loca l to  The  Schem e . 

9.4.6 Crucia lly though , any such  asse t m ust m ee t a  th ird  governm ent policy objective : that 
of econom ic supply. 
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10 Solar is economically efficient in GB 

10.1 Th e  t h ird  p illa r  o f GB’s  e n e rgy s t r a t e gy is  e con om ic e fficie n cy. 

10.1.1 This section  d iscusses broad  princip les of econom ic e fficiency, by expla in ing how 
the  GB e lectricity m arke t ope rates and  dem onstrating how com petitive  so la r asse ts 
have  becom e  because  of recen t ga ins in  expe rience , technology and sca le . 

Most renewable energy resources can only be developed where the resource exists 
and where economica lly fea sible. [6, Para  2.5.36]. 

Ana lysis [commissioned by the Na tiona l Infra structure Commission] suggests tha t 
there is no ma teria l cost impact, either over the short or long term, of deploying 
renewables fa ster. Renewables a re now the cheapest form of electricity genera tion 
due to drama tic cost reductions in recent yea rs. Cost reductions have been grea ter 
than was predicted in 2018 when the Commission made its recommenda tion on what 
level of renewable genera tion the government should be ta rgeting. [23, p9]. 

10.2 An  in t rod u ct ion  t o  p r icin g e le ct r icit y in  t h e  GB p ow e r  m a rke t  

10.2.1 In the  GB power m arke t, generators schedu le  them se lves to  genera te  in  re sponse  
to whethe r a  m arke t price  signa l for a  specific period  is above  or be low the ir 
m argina l cost of genera tion . Margina l cost of gene ration  is de fined  as: the  cost of 
gene rating an  additiona l 1MWh, usua lly including variab le  fue l and transm ission 
costs. Each  day is subdivided  in to  48 ha lf-hour Se ttlem ent Pe riods (SPs) and  power 
is traded  ahead  of de live ry for these  pe riods, or continuous groups thereof, from  
just 90 m inute s ahead , up  to  m onths or even  seasons ahead . 

10.2.2 Typica lly, so lar gene ration  has low or zero  m argina l costs and  the re fore  so la r asse ts 
gene rate  as m uch  power as they are  ab le  to , when they a re  ava ilab le  (i.e . whenever 
it is ligh t) and  wheneve r power price s a re  positive . Because  of the  variab le , bu t 
forecastab le , natu re  of so la r irrad ia tion , they a lso  tend  to  trade  on  the  near-te rm  
power m arke ts, there fore  m uch  of the  im pact of sunny (or ove rcast) weather on  
power price  is fe lt in  the  few days close  to de live ry. 

10.2.3 Therm al and  hydro  p lants have  h igher m argina l costs (re lating to  the  cost of the  fue l 
they a re  conve rting in to that additiona l MWh), there fore  will on ly genera te  when  the  
m arke t is  provid ing a  h ighe r price  signa l. They m ay a lso  trade  power, fue l and  
carbon  costs furthe r ahead  in  order to  lock in  a  gross m argin . Increases in  the  cost 
of sou rce  fue ls increase  the  cost of genera tion  from  these  asse ts, the re fore  when  
are  requ ired  to  gene rate  e lectricity, they will do  so  bu t a t a  h ighe r cost and  th is 
increases the  price  of e lectricity for a ll m arke t consum ers.  

10.2.4 All genera tors produce  active  power (MWs), and  to  ba lance  the  e lectricity system , 
the  to ta l nationa l active  power gene rated  m ust m eet the  tota l na tiona l system  load 
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a t a ll tim es. If so la r fa rm s are  genera ting e lectricity during a  se ttlem en t period, then  
le ss e lectricity is requ ired  from  plants with  m ore  expensive  m argina l costs, there fore  
the  price  of e lectricity for tha t se ttlem ent period  reduces. 

10.2.5 This m arke t m echan ism  is illustra ted  in  Figure  10.1. The  b lue  line , increasing from  
le ft to  righ t a long the  x-axis, repre sen ts the  m argina l cost of generation  in  GB at each  
leve l of dem and. As dem and increases, m ore  expensive  supply m ust be  schedu led 
in to  the  m arke t. Th is is repre sented by the  th ree  red  lines. At a  m id-leve l of dem and, 
the  so lid  red  line  crosses the  b lue  line  (in  th is illu stra tion: a t about £45/MWh). Th is 
leve l there fore  becom es the  price  of power. 

10.2.6 If dem and fa lls (e .g. to  the  le ft-hand dashed red line ), le ss p lan t is requ ired  to  run  to 
m ee t dem and, there fore  the  m argina l cost of the  m ost expensive  asse t requ ired  to 
run  to  m eet dem and is lower. There fore  the  price  of power reduces (he re , to  about 
£10/MWh). Converse ly, as dem and increases, (e .g. to  the  right-hand dashed  red  line ) 
asse ts with  h igher m argina l costs of production  a re  requ ired  to  run; there fore  the  
price  of power increases (in  th is exam ple , to  about £65/MWh). 

10.2.7 The  b lue  line  in  Figure  10.1 a lso  varie s for each  ha lf hour se ttlem en t period , as 
gene rating asse ts becom e  ava ilab le  or unavailab le  due  to  ou tages, breakdowns or, 
critica lly, m ore  or le ss wind or sunsh ine  is expected  or expe rienced. There fore , as 
m ore  e lectricity is gene rated  by so lar fa rm s, the  b lue  line  with in  the  red  e llipse  
(a round a  zero  m arginal cost of power) will stre tch  horizonta lly, and  as a  re su lt, the  
b lue  line  slides to  the  righ t for a ll h igher leve ls of dem and. 

10.2.8 The  m argina l cost of production  to m ee t dem and ove r these  pe riods will the re fore  
be  lower and  as a  re su lt, the  traded  price  of power will be  lower. 

10.2.9 By runn ing th is type  of ana lysis over eve ry se ttlem en t pe riod  ove r the  fu ture  trad ing 
horizon , it  is  possib le  to  de rive  a  view of the  price  of power for the  next week, m onth , 
quarte r or season . 

10.2.10 The  conclusions are  the  sam e though : increasing the  capacity of renewable  asse ts 
in  GB reduces the  traded  price  of power, bu t the  e ffect is  no t lim ited  to GB. A 2018 
pape r by Energy Institu te  of Haas, Se tting with  the  sun , describes a  quantita tive  
ana lysis of the  im pact of deep  so la r pene tra tion  in  Californ ia , an  h istorica lly 
conventiona l genera tion  m arke t. The  pape r concludes that renewable  investm ent 
has had  a  sign ificant im pact on  power prices, and  appears to  be  re sponsib le  for the  
m ajority of price  declines over the  last five  years in  Californ ia  [100, p26]. 
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Figu re  10.1: Re pre se n t a t ive  m a rgin a l cos t  s t a ck  fo r  t h e  GB e le ct r icit y sys t e m  

[Au t h or  a n a lys is ] 

10.3 Le ve lise d  cos t  o f so la r  ge n e ra t ion  

The Interna tiona l Renewable Energy Agency (IRENA) found tha t between 2010 and 
2019, the cost of sola r PV globa lly dropped by 82% ... In 2019 a lone, the cost of 
electricity from sola r fell by 13% to just over five pence per kilowa tt-hour. This means 
tha t by [2020] … globa lly, there will be up to 1,200GW of existing coa l capacity tha t 
will cost more to opera te than it would to insta ll new sola r PV capacity. [101, p67]. 

10.3.1 The  m arke t m echan ism s described  in  Section  10.2 on ly reduce  the  price  of power if 
so la r pro jects com e  to m arke t, o r if deve lope rs be lieve  they a re  ab le  to  m ake  
reasonable  re tu rns on  the ir investm ents. The  cost of so la r genera tion  is an  
im portan t enable r of its  deve lopm ent. Solar pane ls and  e lectrica l in frastructure  
have  becom e  larger and  m ore  e fficien t, as shown in  Figure  10.2, m eaning tha t m ore  
e lectricity can  be  gene ra ted from  the  sam e area  of land as was previously possib le . 
As a  consequence , so lar is  now a leading low-cost gene ration  technology (see  Figure  
10.3). 

10.3.2 An im portant m easure  of the  life tim e  cost of sola r genera tion , is its leve lised  cost of 
ene rgy (LCOE). LCOE is ca lcu la ted  using a  d iscoun ting m ethodology and  is a  m easure  
of the  life tim e  un it cost of gene ration  from  an  asse t, including capita l and  ope rating 
costs as we ll as an ticipa ted  in -life  capita l and  opera ting expenditure , for exam ple  
the  re -powering of sites to  m anage  anticipa ted  degrada tion . Critica lly th is a llows a ll 
form s of gene ration  to  be  com pared  with  each  othe r on  a  consisten t basis. Lazard 
[102], a lbe it h istorica lly focussed  on  the  US m arke t, is a  recogn ised  source  of such  
com parative  ana lysis. The  m ost recen t revision  of the ir ana lysis, published  in  
Octobe r 2021, illustrate s tha t u tility sca le  so la r PV is a lready m ore  econom ica lly 
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a ttractive  than  a lm ost a ll o the r existing form s of genera tion , and  is m atched  on ly by 
wind and the  m argina l opera ting cost of fu lly deprecia ted  gas com bined  cycle , coa l 
and  nuclear facilitie s. 

10.3.3 Figure  10.3 shows a  UK-specific ana lysis based on  da ta  sou rced from  BEIS’ Electricity 
Genera tion  Costs report, 2020 [103] with  the  range  of va lues represen tative  of 
d iffe rent com plexitie s of techn ica l so lu tion . Th is ana lysis is  consisten t in  its 
conclusions, with  that of Lazard. 

Figu re  10.2: Th e  e fficie n cy o f so la r  ce ll t e ch n o logy h a s  in cr e a se d  ye a r -on -ye a r  
fo r  d e ca d e s 

[104] 

10.3.4 Closer to  hom e , The  NIC’s curren t view is that RES represent a  m ost like ly low-cost 
so lu tion  for GB e lectricity generation , ove r large -sca le  conventiona l investm ents: 

More renewables do lead to more money being spent to ma tch supply and demand: 
a  system with 90 per cent renewables is estima ted to cost up to £4.5 billion more per 
yea r to ba lance. But cheaper capita l costs a re estima ted to offset this within the costs 
for the overa ll system ... [36, p39]. 

10.3.5 Solar costs have  been  driven  by capita l in frastructure , deve lopm ent and  in tegration  
costs, and  life tim e  O&M including m in im ising or addressing the  an ticipated 
degrada tion  of so lar pane ls and  inve rte rs and  th is is  like ly to  con tinue . Technologica l 
advances have  increased  the  e fficiencie s of so lar pane ls, and  extended the ir useable  
life tim es. At the  sam e  tim e, econom ies of sca le  through  the  globa l supply cha in  have  
reduced the  cost of pane ls. Deve lopm ent costs have  a lso  reduced as e fficiencie s in  
the  bu ild  process have  been  captured  th rough  prior experience . Th is fact is  a lso 
dem onstrated  by Lazard  [102], corroborating a  low-cost pre sent and  lower-cost 
fu ture  for e lectricity generated  by so la r in sta lla tions. 
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10.3.6 Industry-sourced  da ta  and  opin ion  concurs with  Lazard’s findings, for exam ple  a 
CCC illu stration  of da ta  from  IRENA analysis (2020) showing cost reductions in  and  
com petitiveness of renewable  gene ration  technologie s aga inst fossil fue l genera tion  
[15, Figu re  2.2]. 

10.3.7 The  BEIS 2020 Cost of Gene ration  update  [103] concurs with  the  ana lysis shown, and 
re su lts a re  sum m arised  in  Figure  10.4. The  ana lysis shows that UK-specific e stim ates 
of leve lised  cost of energy (LCOE) from  solar have  reduced sign ificantly since  2013; 
that they a re  predicted  to fa ll further in  the  decades ahead; and  tha t so la r, a lready 
be ing h igh ly com petitive  aga inst cu rrent conventiona l and  renewable  gene ration  
costs, is  predicted  to  re ta in  a  cost advan tage  for the  decades ahead. 

Figu re  10.3: Le ve lise d  cos t  of e n e rgy com pa r ison  

[103] 

10.3.8 Figure  10.4 shou ld  not however be  taken  as a  ju stifica tion  for de laying the  
deve lopm ent of renewable  pro jects, in  orde r to  captu re  a  lower fu tu re  insta lled  
price . Section  5.3 expla ins the  ra tiona le  for u rgent action  to  deve lop  sign ifican t 
capacities of low-carbon  gene ra tion: tim e is a  precious com m odity. Fu rther, it is  the 
deve lopm ent of early pro jects wh ich  a llow learn ings to  be  im plem ented , technology 
to  advance  through  practica l applica tion , and  m arke ts and  supply cha ins to  evolve  
in  m ore  e fficien t ways, to  ach ieve  the  fu ture  cost reductions wh ich  have  been  
forecast by BEIS and others. 

10.3.9 The  costs of so la r a re  reducing as new pro jects a re  be ing deve loped, and  the  
technology is now becom ing m ore  econom ica lly a ttractive  over a  growing 
geography. The  factors wh ich  have  a lready pushed price s down — such  as 
technologica l design  (grea te r e fficiency ove r longer life tim es, i.e . slower 
degrada tion ), deve lopm ent and  construction  risk m itiga tion , e fficien t grid  
connection , e fficien t financing and  shorte r deve lopm en t tim e lines — will con tinue  
to shape  price s in  em erging m arke ts. As a  consequence , u tility-sca le  pro ject costs 
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are  fa lling m ore  qu ickly than  forecast; the  globa l so la r m arke t is growing; and  the  
GB solar m arke t is  growing. 

Figu re  10.4: BEIS Cos t  o f Ge n e ra t ion . An  e vo lu t ion  of Le ve lise d  Cost  for e ca s t s  

[103, a n d  Au t h or  a n a lys is ] 

10.4 Th e  im p or t a n ce  o f sca le  in  so la r  ge n e ra t ion  

10.4.1 This Statem ent of Need bu ilds upon  the  case  for need  e stab lished  in  the  NPSs for 
the  u rgent deve lopm ent of low carbon  e lectricity genera tion , and  se ts out the  need  
for a  rap id  increase  in  low carbon  e lectricity gene ration  capacity in  GB to  m eet 
decarbon isa tion  obliga tions, and  the  critica l ro le  that large-sca le  so la r schem es will 
p lay in  m ee ting tha t need . The  NPSs [5, 6, 8] do  not se t any uppe r lim it, ta rge t or 
thre shold  for e lectricity gene ration  capacity, and  de ta ils of fu tu re  possib le  
gene ration  capacitie s are  included in  Section  7.2. Estim ate s from  NGESO, NIC and 
ESC of the  capacitie s of new solar gene ration  needed in  order to  m eet Ne t Ze ro 
include  44 to  78GW of additiona l so lar capacity by 2050, with  approxim ate ly one  
th ird  of th is needed in  the  next ten  years. 

10.4.2 In  order to  m eet those  pro jections (noting tha t, consisten t with  the  NPSs, these  
capacities are  not pre sen ted  as a  ta rge t, nor indeed  a  quota , and  there fore  cou ld  be  
gone  further than ) a  very h igh  proportion  of (if not a ll) so lar pro jects of any sca le  
wh ich  com e forward for consent will need to  be  approved. Fa lling short on  so lar 
deve lopm ent a t any stage  in  the  next decades will risk causing the  UK fa lling beh ind 
on  decarbon isa tion  and  will increase  the  m agn itude  of the  task (and  there fore  the  
in to le rable  risk of fa ilure ) of m eeting its  2050 lega l com m itm ents to  ach ieve  Net 
Zero. 

10.4.3 The  case  has a lso  been  m ade  for the  socia lly econom ic bene fits of as-low-as-
possib le  e lectricity genera tion  costs. Assum ing tha t the  need  for so lar gene ration  in  
GB has been  accepted  by the  reader, th is section  illu strates the  bene fit in  reduced 
carbon  em issions pre -2030, and  the  life tim e  econom ic bene fit to  the  consum er, of 
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optim ising the  in sta lled generation  capacity a t The  Schem e, versus deve loping the  
sam e  tota l capacity but across m ultip le  locations and  ove r a  phased  tim efram e 
(necessary, due  to  the  concurrent m anagem ent of m ultip le  pro jects through 
deve lopm ent and  consent). 

10.4.4 Solar schem es incur fixed  costs, for exam ple  pro ject deve lopm en t, site  
in frastructure  and grid  connection  costs. Pro ject deve lopm ent tim efram es are  a lso 
gene ra lly fixed , a lthough  in  the  fo llowing ana lysis it is  assum ed tha t sm alle r schem es 
a re  de live rable  (from  construction  sta rt to  com m ercia l ope ration ) in  one  year, wh ile  
la rge r schem es m ay take  two years. Other costs vary according to the  am oun t of 
capacity in sta lled , including the  capita l costs of so la r pane ls and  ba lance  of p lan t 
equ ipm en t, land  ren t, and  other aspects. O&M is a lso  variab le  according to  the  
capacity in sta lled , wh ile  individua l site s will incu r fixed ope rationa l ove rheads, for 
exam ple  secu rity and  m on itoring, accounting and  business m anagem en t, e tc. 

10.4.5 Figure  10.5 shows the  re su lts of an  ana lysis wh ich  illu strates tha t deve lopm en t of 
one  la rge  so la r schem e  brings carbon  savings and  econom ic bene fits versus 
deve loping com bina tions of sm alle r independen t schem es, each  com bination  
m atch ing to  the  sam e  to ta l in sta lled  genera tion  capacity. The  ana lysis asse sses the 
re lative  costs and  construction  tim efram es associa ted  with  the  deve lopm en t of 
d iffe rent sized  independent so la r schem es aga inst the  tota l cost and  carbon  bene fit 
ach ievable  through  the  deve lopm ent of one  la rge  so la r schem e such  as the  
proposed  Schem e. 

10.4.6 The  base  case  scenario  (aga inst wh ich  each  of the  scenarios illu strated  in  Figure  10.5 
is com pared) m ode ls the  LCOE and carbon bene fit associa ted  with  the  deve lopm ent 
of one  la rge  so lar schem e  with  characte ristics wh ich  a re  consisten t with  The  
Schem e . 

10.4.7 Four other scenarios, the  re su lts of wh ich  a re  shown  in  Figure  10.5, include  two, fou r, 
e ight and  ten  sm alle r independent schem es, each  deve loped and grid -connected  
independently from  each  o the r, bu t each  scenario  m atches the  sam e  to ta l in sta lled 
capacity as the  base  case  scenario. Each  independent schem e  is assum ed to be  at 
or ove r 50MW insta lled  capacity. 

10.4.8 A fina l scenario  m ode ls m ultip le  sm alle r schem es, each  unde r the  50MW capacity 
thre shold , in  orde r to  sim ulate  the  deve lopm ent of d istribution  connected  schem es 
wh ich  a re  outside  of the  NSIP process. 

10.4.9 The  ana lysis considers deve lopm ent, capita l and  ope rating costs. The  financia l da ta  
inputs have  been  drawn  from  BEIS’s 2020 Electricity Gene ration  Costs report [103] 
and  have  been  supplem ented  as necessary with  industry benchm arks from  the  
Au thor’s expe rience . The  ana lysis conside rs deve lopm en t tim esca les and 
deve lopm ent concurrency. Sm alle r schem es m ay have  shorte r construction  
du rations than  la rge r schem es; but a  deve loper’s capacity to  handle  m ultip le  
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concurrent schem es is m ore  in fluenced  by the  num ber of schem es applying for 
consent or unde rgoing design  or construction  a t one  tim e , than  it is by the  tota l 
capacity of the  schem es under deve lopm ent. 

10.4.10 Deve lopm en t tim ings in fluence  the  environm enta l and  econom ic bene fits or 
d isbene fits ach ieved  by each  scenario  re lative  to  the  first single  la rge  so la r schem e. 

10.4.11 Key assum ptions incorporated  in to  the  ana lysis include : 

• Deve lopm en t costs, both  fixed and variab le , are  included at the  beginn ing of 
each  schem e  with in  each  scenario ; 

• Ongoing opera tiona l costs, based  on  industry benchm arks, have  been  
included through  life  for each  schem e  with in  each  scenario; 

• Solar irrad ia tion , load  factor and  annual degrada tion  have  been  he ld  constant 
across a ll schem es and scenarios; 

• Deve lopm en t costs and  un it opera ting costs scale  according to  the  size  of each  
schem e, but un it capita l costs (£/MW(p)) a re  constant across each  schem e  in  
each  scenario ; 

• A cash  flow m ode l incorporates these  costs and  includes an  a llowance  for 
in stitu tiona l ra te s of re turn  on  investm ent (excluding in fla tionary aspects, 
wh ich  wou ld  apply across a ll scenarios) over a  consisten t an ticipa ted  pro ject 
life tim e ; 

• The  key outputs a re  an  indica tive  LCOE (£/MWh) for each  scenario , as we ll as 
the  carbon  savings (tonnes of CO2(e )) each  com bination  de livers in  the  critica l 
pre -2030 tim efram e ; 

• In  the  in te re sts of sim plicity and  transparency, the  ana lysis excludes tax and 
capita l a llowances; and 

• The  LCOE and carbon em issions savings pre -2030 are  com pared  be tween 
d iffe rent scenarios. 

10.4.12 Figure  10.5 shows a  com parison  of the  LCOE for each  of these  so la r scenarios with  
the  base  case , single  so la r schem e. 

10.4.13 Energy storage , the  bene fits of wh ich  a re  described  m ore  fu lly in  Chapter 11, has 
not been  included in  th is ana lysis, a lthough  energy storage  does provide  additiona l 
bene fits to  the  loca l and  wide r ene rgy system , and  specifica lly to  The  Schem e. 

10.4.14 This ana lysis shows tha t the  LCOE for each  scenario  increases (i.e . the  scenario  costs 
m ore ) as the  num ber of schem es which  de live r each  scenario  increases (or the  
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ave rage  size  of each  individua l schem e  decreases). Th is is  because  a ll schem es incu r 
fixed  deve lopm ent, construction  and  ope rationa l costs, and  these  are  m ultip lied  up 
by the  num ber of schem es included in  each  scenario . Large r schem es a lso  attract 
som e  cost e fficiencie s as a  re su lt of the ir increased  sca le , for exam ple  un it 
p rocurem ent costs, or annual m ain tenance  costs. Such e fficiencies of sca le  are  le ss 
apparen t in  sm alle r schem es. 

10.4.15 This ana lysis a lso  assum es a  fixed  ra tio  of in sta lled  so lar capacity per un it of grid 
connection  capacity. In  sm alle r separa te  locations, wh ich  can  be  m ore  footprin t 
constra ined  than  larger locations, it  m ay not be  physica lly possib le  to  lay out 
su fficien t pane ls to  prese rve  these  ra tios and  accom m odate  the  transform er and 
switchgear necessary to se rvice  the  location ’s own poin t of connection . The  outcom e 
wou ld  be  lower ove ra ll ou tpu t ove r the  sam e  connection , a  corre sponding reduction  
in  load  factor and a  corre sponding (further) increase  in  LCOE, a  further d isadvan tage  
to m ultip le  sm alle r schem es when com pared to  an  equ iva lent capacity single  la rge  
schem e. 

Figu re  10.5: LCOE a n d  ca rb on  e m iss ion s  sa vin gs a t  la rge -sca le  s in gle -s it e  so la r , 
ve r su s  d e ve lop in g t h e  sa m e  t o t a l ca pa cit y a cross  m u lt ip le  p ro je ct s  

[Au t h or  a n a lys is ] 

10.4.16 The  re su lts a lso  show tha t as the  num ber of schem es with in  each  scenario  increases, 
and  that scenario’s deve lopm ent tim esca le s a lso increase , le ss low-carbon  e lectricity 
is generated in  the  critica l pe riod  be fore  2030 (see  Section  5.3). Each  m ultip le -
schem e scenario  produces be tween 8% and 33% less low-carbon e lectricity be fore  
2030 than  does the  single -schem e  base-case  scenario . The  ana lysis does not a llow 
for any fa ilure s in  site  identification , se lection  or consent for scenarios with  m ultip le  
schem es across m ultip le  locations, and  nor does it a llow for any poten tia l de lays 
associa ted  with  m anaging m ultip le  schem es through the  deve lopm ent process. The  
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analysis there fore  pre sents a  "best possib le  case" for m ultip le  schem e scenarios. It 
is  m ore  like ly that in  de live ry, m ulti-schem e  scenarios wou ld slip  back, or unde r-
de live r, aga inst the  ana lysis presented. 

10.4.17 It is im portan t that th is ana lysis is  not be  taken  to im ply that sm alle r sola r schem es 
shou ld not be  brought forward for econom ic, decarbon isa tion  or secu rity of supply 
reasons, and  there  m ay be  reasons why the  deve lopm ent of ind ividua l schem es 
ra the r than  a  single  larger schem e , is  proposed  for other pro jects. However the  
ana lysis dem onstrates that where  the  opportun ity for the  deve lopm ent of larger 
schem es exists, tha t opportun ity is like ly to  bring about grea te r econom ic, 
decarbon isa tion  and  security of supply bene fits than  any com bina tion  of sm alle r 
independent schem es com prising an  equ iva lent tota l insta lled  capacity. 

10.4.18 The  Schem e pre sents an  opportun ity to deve lop  la rge-sca le  so lar generation  in  a  
h igh ly bene ficia l location , and  th is ana lysis dem onstra te s that it  is consisten t with  
governm ent policy to  deve lop  the  schem e  at the  la rgest sca le  possib le  subject to  the  
p lann ing ba lance  and  poten tia l techno-econom ica l constra in ts. 

10.5 A con clu s ion  on  e con om ic e fficie n cy 

10.5.1 Solar power reduces the  m arke t price  of e lectricity by d isp lacing m ore  expensive  
form s of genera tion  from  the  cost stack, de livering bene fits to  e lectricity consum ers. 

10.5.2 Due to technologica l advances, power generated  by so lar p lan ts is a lready at or 
be low grid  parity cost in  GB. 

10.5.3 Solar power is econom ica lly a ttractive  in  GB aga inst m any o the r form s of 
conventiona l and  renewable  gene ration . 

10.5.4 Size  rem ains im portan t, and  m axim ising the  gene rating capacity of schem es 
im proves the ir econom ic e fficiency, so  bringing power to  m arke t a t the  lowest cost 
possib le . Larger so la r schem es de liver m ore  qu ickly and  at a  lower un it cost than 
m ultip le  independen t schem es wh ich  m ake  up  the  sam e  to ta l capacity, bringing 
forward  carbon  reduction  and  econom ic bene fits in  line  with  gove rnm ent policy. 

10.5.5 The  Schem e  proposes a  substantia l in frastructure  asse t, wh ich  if consented  will 
de live r la rge  am ounts of cheap , low-carbon  e lectricity both  during and  beyond the 
critica l 2020s tim efram e. Maxim ising the  capacity of gene ration  in  the  resource-rich , 
accessib le  and techn ica lly de live rable  proposed  loca tion , repre sents a  sign ificant 
and  econom ica lly rationa l step  forwards in  the  fight aga inst the  globa l clim ate  
em ergency.  



 Sta tem en t of Need 
January 2023 

 
 

 
122 | P a g e  

 

11 Flexibility and integration 

11.1 Th e  n e e d  fo r  fle xib ilit y 

11.1.1 An im portant enabler for the  fu rther deve lopm en t of the  large  renewable  
gene ration  schem es which  are  leading UK (and in te rnationa l) decarbon isation  
actions, are  flexib le  technologie s wh ich  optim ise  the  in tegration  of RES schem es in to 
e lectricity grids. Sign ifican t cost and capability advancem en ts a re  be ing m ade  in  the  
deve lopm ent of flexib le  technologie s. New operability regim es are  a lso successfu lly 
keeping the  ligh ts on  and  the  power consisten tly flowing as RES share  increases. 

It is key tha t, a longside deploying renewables, the UK continues to drive innovation in 
the power sector to effectively build a  flexible electricity system. Storage technologies, 
flexible demand, efficient interconnectors, and other innovations a re a lso needed to 
support renewables and ma inta in the security of the electricity system. [23, p6]. 

New forms of flexibility could lower future costs for consumers, by minimising 
expensive network reinforcement or reducing the need for additiona l genera tion, 
especia lly peaking capacity which needs to be deployed quickly to meet spikes in 
demand. [9, p72]. 

11.1.2 In  th is chapter, we  describe  th ree  im portant classe s of in tegration  m easure  wh ich  
de live r flexib ility: in te rconnection , e lectricity storage , and hydrogen . Of these , 
e lectricity storage  and  hydrogen  are  m ost re levan t for The  Schem e. 

11.2 In t e gra t ion  m e a su r e s  p la y a n  im p or t a n t  fle xib ilit y ro le  in  t h e  
op e ra t ion  o f low -ca r b on  e le ct r icit y sys t e m s  

11.2.1 The  u tility of renewable  gene ration  asse ts is enhanced by the  deve lopm en t of 
flexib le  in tegra tion  m easures. The  technologie s wh ich  provide  these  m easures will 
be  im portan t to  the  proper function ing of h igh-RES e lectricity system s in  te rm s of 
both  decarbon isa tion  and  secu rity of supply. It is an ticipated  tha t the  bene ficia l 
e ffects of the ir functions on  e lectricity system  ope ration  will increase  as the  
proportion  of renewable  gene ration  on  tha t system  a lso  increases. Flexib le  
in tegration  technologies a re  capable  of: 

• Capturing ”free” energy when  it is  no t use fu l and  d ispa tch ing it when  it has use ; 

• Transferring ”free” energy from  where  it is  not u se fu l, to  a  location  where  it is  
u se fu l; 

• Transform ing ”free” energy from  a form  which  is not u se fu l, in to a  form  which  
is u se fu l; and  /  or 
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• Provid ing system  services wh ich  he lp  in tegra te  renewable  asse ts in to  the  GB 
ene rgy m ix. 

New storage technologies reduce the problem of meeting peaks in demand, and 
dampen wholesa le price vola tility, back up sola r and wind intermittency, and open up 
the prospect of the electrifica tion of transport. [96, p68]. 

11.2.2 The  m ean ing of flexib le  in tegration  m easures has expanded in  recen t years as a  
re su lt o f conside ring ways of ach ieving Net Ze ro . Not on ly m ust generation  and 
dem and asse ts in tegrate  with  each  o ther with in  the  e lectricity m arke t, bu t a lso the  
in tegration  of the  e lectricity m arke t with  o ther energy m arke ts is  now be ing pursued 
as a  way of driving down  carbon  em issions across m any sectors – for exam ple , 
th rough  the  use  of e lectricity e ithe r d irectly or via  the  production  of hydrogen , to  
decarbon ise  hom e  hea ting and  transport. 

11.2.3 Flexib le  m easures will ope rate  ove r d iffe rent tim efram es, as described in  [123]: 

• Short Dura tion : Dura tions of 4 hours or lower, su ited  to  addressing short 
du ration  ba lancing needs with  very fast flexib ility; 

• Medium  Dura tion: Dura tions of over 4 hours, up  to  12 hours, su ited  to 
addressing with in  day ba lancing; and 

• Long Duration: Durations of ove r 12 hours, requ ired  for m ulti-day and 
seasonal ba lancing needs. The  category a lso  includes long duration  hydrogen 
storage . 

11.2.4 Overplanting of so la r fa rm s, as described  in  Section  7.7 above , is  a  stra tegy which  
reduces the  requ irem en t for Short and Medium  duration  m easures by increasing 
so la r output from  the  schem e  ou tside  of the  m iddle  of the  day without a lso 
increasing so la r ou tput from  the  schem e in  the  m iddle  of the  day. 

11.2.5 The  Energy System s Catapu lt predict that "Beyond bu lk ene rgy provision , a  
sign ificant increase  in  d iffe rent types of storage  and  flexib ility is  needed", concluding 
that m ajor innovation  and  deploym en t of storage  technologies across d iffe ren t 
tim esca le s (from  seconds to  seasons) will be  needed to renewable  gene ration  
in te rm ittency without the  requ irem ent for unabated  fossil fue l back-up system s. 
The ir m ode lling suggests tha t day-to-day e lectricity system  flexib ility in  2050 will be  
provided by be tween 4GW and 8GW of e lectricity storage  and  10GW of 
in te rconnectors [18, pp7 & 23]. 

11.2.6 NGESO’s m ost recen t FES predicts tha t storage  will be  requ ired  across hydrogen, 
heat, carbon  and e lectricity to  e fficien tly m anage  flexib le  supply and  dem and. The ir 
m ode lling indicate s the  need  to  increase  storage  capacity (from  4GW at the  end  of 
2020) to  15 – 28GW by 2030 and 32 – 51GW by 2050 to  ba lance  supply and  dem and 
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with in  the  GB system  [116, Table  ES.E.01]. In  2020 the  NIC predicted  12GW – 19GW 
of e lectricity storage  in  2050 in  the ir Ne t Ze ro power system s with  60%, 80% and 
90% renewable  scenarios re spective ly [42, pp19 & 21]. 

11.3 In t e rcon n e ct ion  

11.3.1 In te rconnectors (and ne twork deve lopm en t) are  im portan t stra tegies for m anaging 
the  in te rm ittency of power gene ration , and  loca lised  flows as a  re su lt o f weathe r-
dependen t generation . In te rconnectors a llow the  sa le  of green  energy to 
ne ighbouring in te rnationa l m arke ts when  production  is in  su rp lus, and provide  
access to  ene rgy from  othe r countrie s when  dem and is greate r than  supply. 
Im portan tly, un til the  power system  in  any in te rconnected  country becom es fu lly 
decarbon ised, there  is uncerta in ty a round the  carbon  in tensity of fore ign  im ported 
e lectricity. The  FES predicts the  need  for 13 – 19GW of in te rconnection  by 2030 (up 
from  6 GW at the  tim e  of writing) and  16 – 27GW by 2050 [116, Table  ES.E.01]. The  
NIC anticipa te  the  need  for 18GW of e lectricity in te rconnection  to  other countrie s in  
2050 in  the ir Ne t Ze ro  power system s with  60%, 80% and 90% renewable  scenarios 
re spective ly [42, pp19&21], a  sca le  wh ich  was m atched  by the  CCC in  the ir Sixth  
Carbon  Budge t Balanced  Pa thways scenario  [4, p136]. 

11.3.2 At the  tim e  of writing th is report, the  UK has 7GW of com m issioned  in te rconnector 
capacity to  France , Be lgium , Ire land, the  Netherlands and  Norway. In te rconnector 
pro jects a re  la rge  and  com plex, with  long lead  tim es. Dan ish , Ice landic and  o the r 
French  in te rconnector pro jects curren tly advertised  as com m ission ing in  the  2020 
to 2025 tim efram e  are  a t various stages of deve lopm en t, however de lays can  be 
experienced , for exam ple  on  France  / UK in te rconnector Eleclink wh ich  was due  to 
reach  its  Fina l Investm ent Decision  in  2015 bu t on ly becam e  opera tiona l in  May 
2022. Current pro jects in  deve lopm ent to ta l approxim ate ly 4GW of capacity, with  a  
fu rther 7GW proposed. In te rconnection  is one  contributor, bu t is  not the  standa lone 
so lu tion , to  low-carbon  e lectricity supply for two reasons. 

11.3.3 Firstly, the re  is no  guaran tee  tha t power flowing through  the  in te rconnector to  NETS 
was gene rated  from  low-carbon  genera tion  (or is  causing carbon-in tensive  backup 
p lan t in  Europe  to  genera te  in  order to  supply GB). 

11.3.4 Secondly, there  is no guarantee  tha t the  in te rconnector will flow in  to  GB when 
power is needed. In te rconnectors re spond to  price  signa ls, so  a  pan-European  
weather event wh ich  m ay cause  dem and to  increase  sim ultaneously in  both  
connected  m arke ts, wou ld  cause  price s in  both  m arke ts to  chase  each  other up; and 
power wou ld  u ltim ate ly flow to where  price  outturn  was h ighest. Th is cou ld  
transform  the  an ticipa ted  supply from  an  in te rconnector in to a  dem and to that 
in te rconnector, m aking the  dem and for power in  the  supplying m arke t h ighe r than  
it otherwise  wou ld  have  been . 
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11.4 Hyd roge n  

11.4.1 As described  in  Section  6.2, the  prom inence  of a  hydrogen econom y has increased  
in  each  annual ed ition  FES since  2019. Th is is  a  d irect re su lt of the  requ irem en t to  
m ee t Net Zero, and  hydrogen  is an  im portan t constituen t of those  scenarios wh ich  
m ee t the  2050 carbon em issions reduction  targe t. 

11.4.2 Although  the  public prom inence  of hydrogen  has recently grown , it has been  
fore run  by a  longe r acknowledgem en t of its  po tentia l to  enable  deep  and  broad  
decarbon isa tion . 

11.4.3 The  Union  of Conce rned  Scien tists describe  tha t hydrogen is an  im portan t energy 
vector wh ich  m ay be  ab le  to  he lp  decarbon ise  hom es and bu ild ings, and  power road 
transport, however hydrogen  needs to  be  m ade  th rough  large -sca le  industria l 
processes, wh ich  requ ire  sign ifican t am ounts of ene rgy. Thus, in  orde r for hydrogen 
to contribute  to  decarbon isation , the  ene rgy source  for hydrogen  production  m ust 
itse lf be  low carbon. [105] 

11.4.4 Governm ent’s 2021 UK Hydrogen  Strategy expla ins that hydrogen  has "the  poten tia l 
to  overcom e  som e  of the  trickiest decarbon isation  cha llenges facing ou r econom y" 
[106, p2] e specia lly in  enabling the  decarbon isa tion  of industry and  land  transport, 
and  as a  potentia l substitu te  for current carbon-in tensive  m arine  and  avia tion  fue ls. 

11.4.5 There  are  m any practica l ways in  wh ich  a  hydrogen econom y can  enable  
decarbon isa tion . The  m ajor poten tia l u se s of hydrogen  are : 

• A further deve lopm en t on  from  a lready existing technologies such  as lique fied 
pe tro leum  gas (LPG) and  com pressed  na tura l gas (CNG) will enable  hydrogen’s 
use  in  road  transport, reducing the  carbon  in tensity of fre igh t hau lage  and 
public road  transport, enabled  by a  na tiona l supply in frastructure ; 

• Hydrogen, when  b lended with  m ains gas in to the  GB Nationa l Transm ission  
System  (NTS), will reduce  the  carbon  in tensity of cu rrent gas use  (hom e  and 
com m ercia l hea ting, hom e  cooking, industria l u se ). Poten tia lly on ly m inor 
changes wou ld  be  required  to  enable  existing appliances to  run  on  a  b lended 
fue l, especia lly one  with  on ly low (c. 10%) am ounts of hydrogen in  the  b lend 
a lthough  engineering aspects of such  a  change  a re  still unde r review; 

• A greate r share  of hydrogen  in  a  b lended natura l gas m ix will provide  greate r 
decarbon isa tion , leading e ffective ly to  a  substitu tion  of natu ra l gas by 
hydrogen  in  hom es and businesses, whereve r possib le . An  upgrade  to  the  NTS 
wou ld  be  requ ired  bu t wou ld  be  cheape r than  bu ild ing a  new ne twork; 

• This a lso  opens up  the  use  of hydrogen  as a  power generation  vector: 
substitu ting the  curren t CCGT flee t (c. 394gCO2/kWh at cu rrent e fficiencie s) and 
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Open  Cycle  Gas Turbine  flee t (c. 651gCO2/kWh at cu rrent e fficiencies) for a  
ze ro-carbon  d ispa tchable  gene ration  technology, cove ring both  base load  and  
peaking (flexib ility) needs. For exam ple , the  In te rm ounta in  Power Pro ject 
(Utah , USA), wh ich  is rep lacing 1.8GW of coa l gene ration  with  0.8GW of CCGT 
plan t, capable  of bu rn ing up  to  30% hydrogen, 70% natura l gas be fore  2025, 
and  100% hydrogen  by 2045; 

• Hydrogen  is a  h igh ly su itab le  ene rgy vector for in te r-seasonal energy storage . 
By using excess low-carbon  e lectricity genera tion  to  produce  hydrogen  to  send 
to  storage , that hydrogen  can  la te r be  re leased  for o the r applica tion  when 
needed. Because  of the  low un it costs of keeping hydrogen in  storage , th is 
technology is particu la rly we ll su ited  to long-te rm  use . 

11.4.6 At the  current tim e , m ost hydrogen is produced by m ethane  cracking. Me thane  
cracking em its carbon  as a  by-product, the re fore  the  ram p up  of m ethane  cracking 
facilitie s wou ld  requ ire  CCUS capability to  ach ieve  Net Zero  carbon , such  as the  
industria l cluste r pro jects described  in  Section  5.4 wh ich  are  hoped to  becom e 
opera tiona l in  the  second ha lf of the  2020s. 

11.4.7 Electro lysis curren tly accounts for approxim ate ly 1% of globa l hydrogen production , 
however a  growth  in  e lectro lysis capability and  capacity opens out the  prospect of 
u sing RES to  produce  hydrogen , in  poten tia lly sign ificant quantitie s. 

Electrolytic hydrogen ... through nuclea r and renewables, has the lowest ca rbon 
emissions over the full life cycle. Hydrogen can play a  vita l role in decarbonising 
sectors such a s industry and heavy transport where few a lterna tives exist. [107, p16] 

11.4.8 Hydrogen produced by e lectro lysis, wh ich  uses low-carbon  (renewable ) e lectricity, 
there fore  has the  poten tia l to  rep lace  natu ra l gas for heating and dom estic use ; 
d isp lace  pe tro leum  products from  heavy transport; and  provide  an  energy vector 
su itab le  for long-te rm  ze ro-carbon energy storage . 

11.4.9 Actua l exam ples of hydrogen produced by e lectro lysis from  low-carbon  gene ration  
(predom inantly in  the  US) include  so la r-to-hydrogen  at Californ ia’s Stone  Edge  Farm  
Estate  (where  excess so la r gene ration  is u sed  to  produce  green  hydrogen  for own 
use ), and  Californ ia ’s SunLine  Transit Agency, who have  been  operating a  flee t of 
sixteen  hydrogen  buses since  early 2021 using green  hydrogen genera ted  from  a 
4MW solar a rray. 

11.4.10 In  the  UK Hydrogen  Stra tegy, gove rnm ent expla ins that: 

As a  result of its geography, geology, infra structure and capabilities, the UK has an 
important opportunity to demonstra te globa l leadership in low ca rbon hydrogen and 
to secure competitive advantage … When it comes to production, our "twin track" 
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approach capita lises on the UK’s potentia l to produce la rge quantities of both 
electrolytic "green" and CCUS enabled "blue" hydrogen. [106, p10]. 

11.4.11 Hydrogen is m aking tangib le  steps towards m ainstream  use  in  the  decarbon isation  
of hard  to  reach  subsectors of transport. In  Septem ber 2020, the  UK’s first hydrogen-
powered  tra in  jou rney was m ade . In  the  sam e m onth , a  hydrogen-powered  
com m ercia l aeroplane  m ade  its  m aiden  flight in  UK a irspace  [65, 66]. 

11.4.12 NGESO estim ate  tha t annual e lectricity dem and from  road  transport as a  whole  
(incorporating both  EVs and veh icle s powered  by hydrogen) cou ld  be  be tween  90 
and  123TWh [116, Table  ED1], th is is  lower than  the  forecast de rived  from  
independent ana lysis carried  ou t by the  globa l design , engineering and  pro ject 
m anagem ent consu ltancy SNC Lavalin  (Atkins) wh ich  estim ated  150TWh [68, p12]. 
The  potentia l for u se  in  ra il, m arine  and  a ir trave l increase  e stim ate s of hydrogen 
use  even  fu rther. 

11.4.13 NGESO estim ate  tha t a t be tween  126 and 240TWh of e lectrica l ene rgy will be  
requ ired  annually by 2050 to  produce  hydrogen to  m eet its  m any potentia l end-uses 
[116, Table  ED1], the  wide  range  is due  to d iffe rent Ne t Zero com patible  scenarios 
producing hydrogen  in  d iffe rent ways. The  Energy System s Catapu lt fore see  the  
need  for "a  new low carbon  hydrogen econom y ... de livering up to 300TWh pe r 
annum , rough ly equ iva lent to  e lectricity gene ration  today" and  concluding that 
"e lectricity genera tion  itse lf m ay have  to  double , or even  treb le  if m ost hydrogen is 
to  be  produced by e lectro lysis". The  ESC a lso  fore sees the  need  for over 600TWh of 
hydrogen  storage , covering strategic and  operationa l reserves to  an  acceptable  leve l 
of secu rity [18, pp6 & 36]. 

11.4.14 The  Nationa l In frastructure  Com m ission  conside red  the  bene fits hydrogen  cou ld  
bring in  te rm s of lowering the  ove ra ll cost of a  h igh ly renewable  e lectricity system  in 
the ir Net zero : opportun itie s for the  power sector publica tion: 

Highly renewable systems a re still a  low-cost option in a  Net Zero world. The ana lysis 
once aga in finds tha t electricity system costs a re broadly fla t across a  range of 
different levels of renewable penetra tions. If hydrogen is deployed, providing low-
ca rbon and flexible genera tion, it could further reduce the costs of highly renewable 
systems ... The conclusions a lso hold in a  lower demand scena rio where hea ting has 
been deca rbonised using hydrogen. [42, p7]. 

11.4.15 The  hydrogen econom y is se t to  grow in  the  UK with  recent gove rnm ent 
announcem en ts ta rge ting "Five  gigawatts of low carbon hydrogen production  
capacity by 2030 – for industry, transport, power and  hom es – and  [to] deve lop  the  
first town  heated  by the  gas by the  end  of the  decade" [24, 106]. To support th is 
am bition , gove rnm ent m ade  ava ilab le  £240M for the  Net Ze ro  Hydrogen  Fund out 
to  2024/25 for co-investm ent in  early hydrogen  production  pro jects, and  up  to  £60M 
unde r the  Low Carbon  Hydrogen  Supply 2 com pe tition . A Hydrogen  Business Mode l, 
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a longside  indicative  Heads of Term s was de livered  by BEIS in  Q2 2022. The  business 
m ode l was published  a longside  the  hydrogen  production  strategy which  included 
governm ent’s "twin-track" approach  which  fore sees a  sign ifican t opportun ity for the  
ro le  of low carbon  e lectricity gene ration  in  the  production  of green  hydrogen. 

11.4.16 Hydrogen, a ttracting a  subsidy of up  to  £500m , is foreseen  to  be  produced in  the  
UK, partly by energy from  renewable  genera tors. 

11.4.17 In  order for hydrogen’s potentia l to  p lay an  increasingly im portan t ro le  in  the  ene rgy 
ecosystem  of the  fu tu re  to  be  rea lised, hydrogen  m ust be  produced by low-carbon 
m ethods, those  m ethods increase  even  fu rthe r fu ture  e lectricity dem and, and  
there fore  increase  the  need  for la rge  quan tities of low-carbon  e lectricity gene ration  
capacity. 

11.4.18 As a  la rge -sca le  so la r generation  asse t, The  Schem e  is fu lly a ligned  with  the  nationa l 
am bition  for the  deve lopm en t of a  hydrogen  econom y, where  hydrogen  production  
has a  zero  carbon  footprin t. 

11.5 Ele ct r icit y s t o ra ge  

11.5.1 While  the  In frastructu re  Plann ing (Electricity Storage  Facilitie s) Order 2020 rem oved 
a ll form s of e lectricity storage , o the r than  pum ped hydroe lectric storage , from  the  
de fin ition  of nationa lly sign ifican t ene rgy generating sta tions, it  is re levant to  
describe  in  th is Sta tem ent of Need the  im portan t ro le  e lectricity storage  is requ ired 
to p lay in  the  deve lopm ent of a  low-carbon GB ene rgy system . Whilst the  e lectricity 
storage  e lem en t of The  Schem e  is not an  NSIP in  itse lf, it  is  Associa ted  Deve lopm en t 
and , if deployed, will add  im portan t u tility to  the  ope ration  of The  Schem e  as a  so la r 
gene ration  sta tion . 

11.5.2 Electricity storage  will p lay an  im portan t ro le  in  the  deve lopm ent of a  low-carbon GB 
ene rgy system . Electricity storage  m ay be  connected  as a  standa lone  asse t or 
co lloca ted  with  a  renewable  genera tion  schem e . Because  The  Schem e’s grid  
connection  agreem ent provides both  im port and  export capacity it enable s The  
Schem e  to  contribu te  to  m eeting the  nationa l need for e lectricity storage  by 
including, as Associated  Deve lopm ent, an  e lectricity storage  asse t wh ich  supports 
the  opera tion  of the  principa l so lar deve lopm en t and  provides the  ab ility to  ba lance  
the  e lectricity produced by the  so la r schem e , with  dem and on  the  NETS. 

11.5.3 Collocation  of so la r and  storage  asse ts provides e fficiencies in  re lation  to  land  use  
and  the  m axim um  use  of ava ilab le  grid  connection  capability (if ava ilab le ) because 
on-site  in frastructu re  can  be  shared  be tween the  two technologie s. However 
standa lone  so la r schem es provide  e ssen tia l low-carbon e lectricity to  the  grid  and 
not including storage  capability a t the  site  does not de tract from  the ir core  
con tribution  to  decarbon ising the  e lectricity ne twork: 
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• Not a ll grid  connections have  both  im port and  export capability, and  the  im port 
capability m ay not be  cost e ffective  to provide , however export capability, 
where  it is  ava ilab le , shou ld be  used  to  connect renewable  gene ration  to  the 
NETS; and 

• Although  storage  facilitie s, if co llocated  with  renewable  gene ration  schem es 
add  u tility to  the  opera tion  of so la r generation  schem es, se rvices wh ich 
support the  e fficien t flow of renewable  power onto  the  UK e lectricity system  
can  and a lso  a re  expected  to  be  located  and  ope rated  separate ly to  renewable  
gene ration  asse ts. 

11.5.4 There fore  where  ava ilab le  grid  connections enable  co llocation  of renewable  
gene ration  and  storage , a  schem e  which  includes both  m ay m ake  sense  to  deve lop . 
However loca tions with  an  export connection  on ly, wh ich  the re fore  wou ld  be 
brought forwards as standa lone  genera tion  schem es, still p lay an  e ssentia l ro le  in  
con tributing to  the  three  p illa rs of energy policy: decarbon isa tion , security of supply, 
and  a ffordability.  

11.5.5 Sign ifican t investm ent is  be ing m ade  in  the  advancem en t of e lectricity storage  as an  
in tegration  a id  for renewable s and  other genera tion  and  consum ption  technologies. 
In  Septem ber 2020, an  In te rna tiona l Energy Agency (IEA) /  European  Pa tent Office  
publica tion , Innovation  in  Batte rie s and  Electricity Storage  found tha t ba tte ry 
innovation  is p laying a  key ro le  in  the  transition  to clean  energy technologie s, and  
that the  sector is  deve loping rapid ly: 

Between 2005 and 2018, pa tenting activity in ba tteries and other electricity storage 
technologies grew a t an average annua l ra te of 14% worldwide, four times fa ster than 
the average of a ll technology fields ... [and] ba tteries account for nea rly 90% of a ll 
pa tenting activity in the a rea  of electricity storage. [108]. 

11.5.6 Othe r e lectricity storage  technologie s are  a lso  unde r deve lopm en t, u sing for 
exam ple , m om entum  (e .g. fly-whee l), p ressu re  (e .g. com pressed  a ir energy storage ), 
heat or chem ica l processes to  store  energy. Many of these  technologie s are  under 
deve lopm ent, and  each  has its  own  advan tages in  re lation  to the  costs and  bene fits 
of d iffe rent m ode ls of com m ercia l ope ration . Th is report focuses on  the  
predom inant technology: ba tte rie s. Som e  expe rt industry forecasts of fu ture  
e lectricity storage  capacity requ irem ents have  been  included in  Section  11.2. 

The  continuing and growing need for Balancing Services 

11.5.7 The  activities associated  with  in tegrating renewable s in to  the  GB e lectricity system  
will increase  with  the ir pene tration  [87, p2]. Ene rgy ba lance  m ust be  m anaged at a ll 
tim es; and  as renewable  capacity increases, m ore  services will be  required  to rega in 
supply / dem and ba lance  when dem and is e ither very h igh  or very low. Further, 
when  dem and is low and renewables provide  a  sign ificant share  of tota l power 



 Sta tem en t of Need 
January 2023 

 
 

 
130 | P a g e  

 

gene rated, the  m ain tenance  of power qua lity and  system  stab ility leve ls m ay a lso 
requ ire  m ore  services to  ach ieve . Im portantly, NGESO’s SOF [88] describes the  
dynam ic behaviour characte ristics for a  h igh-RES system . Plant ope ration  m ay be  
im pacted  upon  by these  characte ristics, un le ss in tegration  m easures are  em ployed 
to  lim it the ir im pact. In  h igh-RES system s: 

• Voltage  and  frequency m ay not evolve  linearly in  unbalanced  or d istribu ted  
system s and fau lts m ay evolve  qu ickly; 

• Genera tors m ay find  it cha llenging to  rem ain  synchronous to  system s 
fo llowing fast-evolving fau lts, increasing the  risk of cascading fau lts; 

• Fast-m oving fau lt conditions will be  m ore  com plica ted  and  m ay not be  
predictab le ; and 

• High-renewable  system s will be  harde r to  m im ic for te st, re search  or sa fe ty 
ju stification  purposes. 

11.5.8 The  SOF describes two re la ted  concepts: system  inertia , and  system  short circu it 
leve l. 

Sys t e m  in e r t ia  a n d  Ra t e  o f Ch a n ge  of Fre qu e n cy (RoCoF) 

11.5.9 NGESO fore see  a  significan t decline  in  GB system  inertia  as a  re su lt of le ss 
synchronous p lant connecting to  the  NETS, resu lting prim arily in  the  requ irem en t 
for increased  frequency re sponse  services. Over the  com ing years, the  requ irem en t 
for these  se rvices at certa in  tim es during the  year m ay increase  by 30 to  40% [87, 
Figures 1.2 & 1.3]. With  the  expected closu re  or reduced  runn ing hours of m any 
therm al p lan ts, the  system  protection  services they provided m ust be  obta ined  from  
othe r asse ts and  m ost like ly in  the  form  of syn the tic inertia  th rough  frequency 
re sponse  services. Crucia lly, wh ile  system  inertia  is  a  physica l prope rty of a  
synchronous power p lan t, so lar p lan ts a re  ab le  to  provide  ine rtia  th rough  synthe tic 
m eans. Synthe tic inertia  is  an  e lectron ic a lte rna tive  to  physica l ine rtia , bu t it  does 
not conform  to the  sam e  ru le s. Synthe tic ine rtia  is  provided  by reprogram m ing the  
so la r park’s power inverte rs so  that they em ula te  the  behaviour of synchron ised 
sp inn ing m asses. 

11.5.10 RoCoF is close ly re lated  to system  ine rtia  in  tha t RoCoF increases as ine rtia  
decreases. A h igh  RoCoF m eans tha t fau lts m ay evolve  qu ickly, there fore  re sponse  
m easures will need  to  be  capable  of re sponding qu ickly in  order to  avoid  la rge-sca le  
system  fa ilures. Provide rs of synthe tic ine rtia , frequency re sponse  and  reserve  
se rvices will p rovide  an  e ffective  coun term easure  to  reducing system  ine rtia  and 
re su lting h igh  RoCoF. 
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Sh or t  cir cu it  le ve ls  a n d  vo lt a ge  d ips  

11.5.11 Short circu it leve l is  a  m easure  of transm ission  system  strength , or its  ab ility to  
rem ain  with in  (or re turn  to) norm al opera tional sta te s. Analogous to  system  inertia , 
the  connection  of la rge  synchronous p lan ts to  the  transm ission  system  m ain ta ins 
h igh  short circu it leve ls ("High" short circu it leve ls a re  m ore  re silien t than  "low" short 
circu it leve ls), and  leve ls a re  expected  to  fa ll in  GB as conventiona l capacity 
decreases. When  th is happens, critica l system  variab le s (such  as voltage  or power 
flow) m ay enter unstable  sta te s m ore  easily, m ore  frequently, and  poten tia lly for 
longe r pe riods in  the  fu ture  [109, Figures 31 & 32]. 

11.5.12 Short circu it leve l reductions increase  the  depth  and  geograph ica l reach  of voltage  
d ips. Voltage  d ips have  de trim en ta l e ffects on  generators and m ay cause  
d isconnections of custom er or genera tor circu its. In  a  system  with  a  low short circu it 
leve l, gene ra tors a t grea te r d istances from  a  fau lt in itia tion  location  becom e  m ore  
susceptib le  to  those  fau lts, im plying an  increase  in  the  expecta tion  that GB’s 
transm ission  connected gene rating asse ts experience  a  fau lt in  fu ture  years. 

11.5.13 The  connection , d irectly to  the  NETS, of asse ts tha t a re  capable  of de live ring voltage  
support se rvices, provides the  opportun ity for se rvices to  be  de livered  to  NGESO 
which  preven t the  d issipa tion  of fau lts ove r wide  geograph ie s, thus im proving the  
security of e lectricity supplie s in  the  GB. 

Services provided by e lectricity storage  facilities 

11.5.14 Critica lly, e lectricity storage  is increasingly well p laced  to  de live r m any ancilla ry 
se rvices to  NGESO, and  th is is of growing im portance  in  GB. Environm en ta l 
Regu lations and  governm ent policy requ ire  the  closure  of a ll GB’s coa l gene ration  
asse ts be fore  2025. Econom ic pressu re s, resu lting from  sh ifts in  the  globa l gas 
m arke t and  changes to  structura l pricing in  the  GB e lectricity m arke t are  a lso  causing 
the  opera tiona l profiles of trad itiona l fossil fue lled  asse ts to  change . These  two 
poin ts leave  these  trad itiona l provide rs of ancilla ry se rvices less ava ilab le  to  provide , 
and/or less com petitive  in  the  provision  of, such  e ssentia l se rvices on  an  ongoing 
basis. 

11.5.15 Som e  ancilla ry services m ust be  de live red  at specific locations, but others are  
loca tion -independent. A description  of those  se rvices wh ich  rem ain  im portan t for 
the  proper function ing of the  e lectricity system , and  which  cou ld  be  de live red  by 
in tegration  technologies incorpora ted  in  The  Schem e , a re  listed  in  Table  11.1. 

11.5.16 Whilst the  e lectricity storage  e lem ent of The  Schem e  is not an  NSIP in  itse lf the  
Applican t considers it is  Associated  Deve lopm ent, as will be  expla ined  in  the  
Explana tory Mem orandum  [EN010133/ APP/C3.2] wh ich  accom pan ie s th is DCO. 
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• There  is a  clear, d irect re lationsh ip  be tween the  so la r genera tion  sta tion  and 
the  e lectricity storage  in  that the  e lectricity storage  e lem ent of The  Schem e 
he lps address the  im pacts of the  so lar generation  e lem ent by increasing the  
bene fit derived from  the  schem e by storing e lectrica l energy when  it is not 
needed and re leasing it when  it is  needed; 

• The  storage  e lem ent of The  Schem e  is not an  a im  in  itse lf and  is subordina te  
to  the  so la r e lem ent of the  schem e. Electricity storage  does not genera te  low 
carbon  energy bu t he lps m ake  m ore  use fu l that ene rgy which  has been  
gene rated  by the  princip le  so lar e lem en t of The  Schem e; 

• The  so la r e lem ent of The  Schem e is com m ercia lly ra tiona l on  a  stand-a lone  
basis and  requ ire s no  subsidy from  the  storage  e lem en t of The  Schem e; 

• The  storage  e lem ent of The  Schem e  is proportionate  to  the  na ture  and  sca le  
of the  principa l so la r deve lopm ent in  that the  storage  e lem ent of The  Schem e 
has a  d irect re lationsh ip  with  the  principa l so la r deve lopm ent and  both 
e lem ents of The  Schem e  share  the  sam e physica l grid  connection  
in frastructure , wh ich  m eans that the  storage  e lem ent of The  Schem e will not 
be  la rger than  the  princip le  so lar e lem en t of The  Schem e; and 

• The  Applicant proposes to  bring forwards both  the  so la r and  the  storage 
e lem ents of The  Schem e  as part of the  sam e  construction  program m e.  The  
storage  e lem ent of The  Schem e  wou ld  not be  constructed  if the  so la r e lem ent 
of The  Schem e  was not. 

11.5.17 The  British  Energy Security Stra tegy [50] recogn ises the  bene fits of co lloca tion  as a  
way of m axim ising the  e fficiency of land  use . Colloca tion  a lso  increases u tilisation  of 
The  Schem e’s grid  connection  capacity. 

11.5.18 There  are  substan tia l bene fits to  the  co llocation  of so lar and  storage  generation  
facilitie s a t th is location  wh ich  will re su lt in  an  im proved contribution  to  low carbon  
UK e lectricity supplie s when  com pared  to  The  Schem e  com ing forward  independent 
of the  storage . 

11.5.19 Table  11.1 lists the  ope rationa l se rvices wh ich  can  be  de livered  by the  proposed 
colloca ted  schem e. The  tab le  supports the  Applican t’s view of the  bene fits of 
co lloca tion . Collocation  is e specia lly bene ficia l for NGESO where  connections are  to  
the  transm ission , ra ther than  to  the  d istribution  ne twork, because  the  com bined 
asse t is  requ ired  to  m ee t ce rta in  energy m arke t opera tiona l p lann ing, notification  
and  se rvice  obliga tions (see  Section  8.5). 
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Growth within the  e lectricity storage  sector 

11.5.20 A 2016 study com m issioned  by the  form er Departm en t for Energy and  Clim ate  
Change  (DECC), concluded tha t energy storage  cou ld  re su lt in  savings of a round £2.4 
b illion  pe r year [from ] 2030 for the  UK [110, p3]. Through  gove rnm ent and  industry 
actions, GB is pu rsu ing a  num ber of pro jects wh ich  a im  to  de live r som e  of these  
bene fits, a lthough  the  UK is curren tly lagging beh ind  the  globa l leade rs in  batte ry 
storage . 

11.5.21 The  In te rnationa l Ene rgy Agency report the  year-end 2019 insta lled  capacity of 
ene rgy storage  pro jects deployed since  2013 globa lly a t grid-sca le  to  be  5.3GW, with  
a  fu rther 5.4GW "beh ind  the  m ete r" [111]. 

11.5.22 The  world  is not on  track to  m ee t the  ene rgy-re la ted  com ponents of the  Susta inable  
Deve lopm en t Goals (SDGs). The  IEA’s Susta inable  Deve lopm en t Scenario  (SDS) 
outlines a  m ajor transform ation  of the  globa l ene rgy system , showing how the  world  
can  change  course  to  de live r on  the  three  m ain  energy-re lated  SDGs sim ultaneously. 

11.5.23 The  IEA’s report [111] describes that, despite  a  need  for growth  in  in sta lled  capacitie s 
to  re tu rn  to  and  rem ain  a t double -d igit leve ls in  order to  m ee t the  Susta inable  
Deve lopm en t Scenario  pa thway, growth  has been  fragile  as policy in te rven tion  has 
been  requ ired  to  support or create  m arke ts which  bring investm ent to  the  sector. 

11.5.24 This ce rta in ly holds true  in  the  UK. With  the  further deve lopm ent of large  capacities 
of in te rm itten t low-carbon genera tion , EN-3 fore sees tha t: 

There will be an increasing need for storage infra structure to ba lance electricity supply 
and demand [2, Para  2.38.2] 

11.5.25 A 2015 report of energy storage  asse ts in  GB listed  just 27 insta lled  ene rgy storage  
pro jects, with  a  tota l capacity of around 33GWh [112, p16], a  large  proportion  of tha t 
capacity was in  the  form  of heritage  pum ped storage  (hydro). 

11.5.26 The  cu rrent sta tus of the  larger ba tte ry storage  asse ts in  GB shows that since  the  
2015 report, p rogress has been  m ade  in  de live ring la rge  batte ry storage  pro jects, 
and  that m arke t participan ts have  am bition  to de live r la rger pro jects still, because  
the  need  for m ore  ene rgy storage  rem ains clear. 

11.5.27 NGESO report tha t 1.8GW of batte ry storage  was in  ope ration  in  2021 [116, Table  
ES1]. A gove rnm ent report sta ted  that 4GW of storage  pro jects were  progressing 
p lann ing consent [113]. 

11.5.28 NGESO’s FES 2022 [116] e stim ate s that e lectricity storage  capacity (excluding 
veh icle -to-grid  technologie s) will need to  increase  by 13 – 27GW by 2030 and by 30 
– 50GW by 2050, in  orde r to  ach ieve  Ne t Ze ro . 
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11.5.29 NGESO’s TEC Registe r shows a  to ta l of 20.6GW of connection  capacity requests from  
deve lope rs of stand-a lone  storage  schem es a lthough storage  schem es are  a lso  
com ing forwards with  co llocated storage  where  grid connection  ava ilab ility a llows. 
These  150 pro jects range  in  proposed  capacity, currently up  to  1400MW [29]. 
Further Ene rgy Storage  System  pro jects a re  listed  on  NGESO’s Em bedded Registe r 
[74] and  the  Em bedded Capacity Registe rs [32] a lthough  som e  of these  pro jects m ay 
be  pure ly specu la tive  with  low probability of com ing forward  to  opera tion . 

11.5.30 However listing of a  schem e  on  the  TEC or any grid  connection  registe r, or in  the  
p lann ing da tabase , does not guarantee  that the  schem e  will com e  forwards. A 
cleare r ind ica tor (a lthough  by no m eans provid ing fu ll certa in ty) of schem es com ing 
forwards is the  Capacity Marke t registe r, wh ich  shows that not m ore  than  2.2GW of 
in sta lled  ba tte ry storage  capacity has secu red a  Capacity Agreem en t since  2015. 
However on ly one  ha lf of th is is cu rrently ope ra tiona l [124]. 

11.5.31 This im plies that a lthough  deve lopm ent p ipe lines for BESS schem es are  hea lthy, 
on ly a  sm all proportion  of proposed  schem es have  so  far progressed  towards 
financia l com m itm ent decisions, and  on  to  com m ercia l opera tion . 

11.5.32 A m uch  h ighe r conversion  ra te  will be  requ ired  on  the  rem ain ing p ipe line  in  orde r 
to  m eet the  FES view of an  additiona l 13 – 27GW of e lectricity storage  opera tiona l by 
2030. 

11.5.33 The  storage  p ipe line  – as an  enable r of other h igher leve ls of RES capacity in  the  UK 
e lectricity system  – is growing in  capacity and  pro jects wh ich  de live r will be  ab le  to  
support la rge-sca le  so lar in tegra te  fu rther to  the  grid  as soon as they are  de livered. 
The  need  to  conve rt the  p ipe line  of potentia l pro jects in to com m issioned  asse ts 
re in forces the  case  for the  co llocation  of energy storage  as part of The  Schem e  in  
orde r to  m axim ise  the  use  of existing grid  connections in  addition  to  the  other 
bene fits of co llocation  already sta ted . 

11.5.34 Figure  11.1 p lo ts NGESO’s pro jections for so la r capacity aga inst the ir pro jections for 
ba tte ry storage  capacity, bo th  derived  from  the  th ree  scenarios in  FES 2022 [116] 
wh ich  are  Ne t-Zero  com plian t. The  figu re  shows that as so la r capacity increases 
aga inst the  2021 insta lled  capacity, ba tte ry storage  capacity increases in  proportion . 
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Figu re  11.1: In cre m e n t a l so la r  ca pa cit y vs . in cr e m e n t a l s t o ra ge  ca pa cit y 
p ro je ct ion s , 2022 – 2050 

[Au t h or  a n a lys is  of pu b lish e d  da t a ] 

11.5.35 Globally, BESS have  a lready ach ieved  sign ifican t advances in  technologica l ab ility 
and  econom ic perform ance : batte rie s are  becom ing b igge r, be tte r (greate r power, 
du rability and longer ope rating lives) and cheape r. Portab le  applica tions, such  as 
consum er e lectron ics, d rove  cost reduction  and  technologica l innovation  in  
ba tte rie s in  the  early 2000s. Since  2010, e lectric m obility has been  beh ind  the  growth  
in  inventive  activity in  ba tte ry packs, and  since  then , im provem en ts to  ba tte ry packs 
ca te ring for the  wide  range  of a ll-e lectric cars and  p lug-in  hybrid  cars on  the  m arke t 
have  had  positive  sp ill-over e ffects on  sta tionary applica tions, such  as grid-sca le  
ba tte ry energy storage  so lu tions [108, pp7 & 30]. 

11.5.36 In  Novem ber 2022, the  "UK’s la rgest ba tte ry" com m enced com m ercia l ope ration: a  
98MW / 196MWh loca ted  in  East Yorksh ire , wh ich  will p rovide  ene rgy ba lancing and 
dynam ic frequency re sponse  se rvices. Construction  has started  on  o the r ba tte ry 
storage  site s of approxim ate ly equal size ; and la rger batte ry storage  pro jects still, 
have  a lready been  granted  p lann ing consent and  a re  in  deve lopm ent. 

11.5.37 The  econom ics of ba tte ry storage  rem ain  unce rta in  in  GB at pre sen t, de spite  the 
clear need  for furthe r bu ild  out of the  technology. The  Prim e  Min iste r’s Ten  Poin t 
Plan , announced in  Novem ber 2020, includes "nearly £500m  for ba tte ry 
m anufactu re  in  the  Midlands and  north-east England" [24] to  he lp  m ake  the  vision  
of the  UK becom ing a  leade r in  batte ry m anufacturing capability a  rea lity, with 
fu rther cost reduction  th rough  giga-sca le  m anufacturing facilitie s. An  industry-
sourced  pro jection  of the  fu ture  procurem en t costs of Li-Ion  batte ry ce lls is  included 
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in  Figure  11.2, and  as cost reduction  targe ts are  m et, m ore  storage  pro jects will be  
com m issioned. 

11.5.38 Batte ries will becom e we ll su ited  to  d isp lace  other technologies (such  as 
reciproca ting gas engines, wh ich  are  curren tly pe rform ing the  ro le  of m ee ting peak 
dem and bu t for wh ich  no carbon  capture  so lu tion  has ye t been  iden tified) from  the  
gene ration  stack. In  th is regard  the  forward  views of in sta lled  capacity included in  
Section  11.2 above  are  unconstra ined , subject to  industry ach ieving the  cost 
im provem ents asp ired  to  in  Figure  11.2. Additiona lly, it  is  an ticipa ted  that fu rther 
am bition  in  the  deve lopm en t of renewable  generation  asse ts, such  as is  se t ou t in  
the  2020 Energy White  Pape r [9], wou ld  increase  the  im portan t ro le  of e lectricity 
storage  with in  the  GB e lectricity system . 

11.5.39 The  proposa l to  include  BESS as part of The  Schem e  is there fore  in  accordance  with  
em erging gove rnm ent policy on  the  need  for in tegra tion  m easures on  the  e lectricity 
system  to  support the  transition  to  a  fu lly low-carbon grid . The  gran t of a  consen t 
for BESS as part of The  Schem e, wou ld  there fore  a llow the  pro ject to  fu lfil its  
am bitions in  provid ing fu ll support to  UK action  p lans to  de liver decarbon isation . 

Figu re  11.2: A p ro je ct ion  of fu t u r e  b a t t e ry com p on e n t  cos t s   

[Au t h or  a n a lys is  of pu b lish e d  da t a ] 
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Ta b le  11.1: Th e  p o t e n t ia l con t r ib u t ion s  o f a  s t o ra ge  a sse t  w it h in  Th e  Sch e m e  
t o  t h e  GB e le ct r icit y m a rke t , in clu d in g a n cilla ry se rvice  p rovis ion  

[Au t h or  a n a lys is ] 

 

  

Service Explanation Applicability
Trading Generating low-carbon electricity and selling it to 

the market
The backbone of solar benefit cases.

Storage helps increase the benefits of all RES generation 
by directing energy from when it is produced to when it is 
needed. This helps reduce curtailment of low-carbon 
electricity. Storage assets can be collocated with solar 
assets or independently.  They can also act independently 
to RES assets to provide services which support 
electricity system operation.

Balancing 
Mechanism

Being available to NGESO to balance supply and 
demand at delivery.

Frequency 
Response

Changing output minute by minute to help maintain 
system frequency at the statutory level of 50Hz.

Reserve 
Operation

Changing output over minutes and hours to 
rebalance supply and demand following a fault or 
other unforeseen event on the electricity system.

Reactive Power Locational service which allows power to “flow” 
from source to destination.

A mandatory service for all transmission-connected 
assets, delivered by Solar, other RES and Storage assets.

Inertia A service which helps slow the rate of change of the 
whole electricity system in response to an 
unforeseen event, stopping critical faults from 
occurring.

Solar inverters are able to provide synthetic inertia.

Storage also provides synthetic inertia.

Black Start A locational service which would help ‘turn back on 
the lights’ if an event caused the national electricity 
system to fail.

Solar is not capable of providing Black Start services 
when developed on a stand-alone basis.
Standalone storage may be capable of providing limited 
support to a Black Start Event, but a collocated asset is 
likely to be more versatile.

Constraint 
Management

Changing output in response to local energy supply, 
demand and transport issues, to ensure locational 
adequacy at all timescales.

Solar can provide important downward constraint 
management services. Collocated Solar and Storage can 
provide upward and downward constraint mangement 
services. Because of its proposed connection location, 
the Scheme will be highly unlikely to cause constraints on 
the local NETS.

Infrastructure By connecting generating assets where they are 
needed, less electricity transmission and distribution 
infrastructure needs to be built out, making national 
savings for electricity users.

RES and Storage can help with reducing new 
infrastructure requirements, although benefits may be 
higher if collocated than if located separately.

Solar will provide downward flexibility, but at the “cost” 
of carbon-free energy.

Collocated RES & Storage can provide both upward and 
downward flexibility, potentially without "losing" any low-
carbon energy. Stored energy can be dispatched over 
milliseconds to hours, depending on technology and 
need.
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12 In summary and in support of this for solar and storage 
scheme 

12.1.1 This report has shown tha t so lar gene ration  is econom ica lly and  technica lly viable , 
and  that it is  econom ically and  techn ica lly pre ferentia l, in  a  GB con text. 

12.1.2 Decarbon isation  is a  UK lega l requ irem en t and  is of globa l sign ificance . It cannot be  
a llowed to fa il, and  urgent actions are  requ ired  in  the  UK and abroad , to  keep  
decarbon isa tion  on  track to lim it globa l warm ing. 

12.1.3 The  sum m ary poin ts which  support the  need  for la rge -sca le  so la r deve lopm en ts are : 

• Large-sca le  so lar gene ra tion  is essentia l to  support the  urgen t decarbon isa tion  
of the  GB e lectricity sector. Large-sca le  so la r is  im portant not on ly to reduce  
power-re la ted  carbon  em issions, bu t a lso  to provide  a  tim e ly next step 
con tribution  to  a  fu tu re  gene ration  portfo lio  wh ich  is capable  of supporting the  
e lectrifica tion  and  there fore  decarbon isa tion  of transport, hea t and  industria l 
dem and.  

• As part of a  d iverse  generation  m ix, so la r gene ration  con tributes to  im prove  
the  stab ility of capacity u tilisations am ong renewable  generators. When  
deve loped a longside  o the r renewable  technologie s, la rge -sca le  so la r will 
sm ooth  out seasonal varia tions in  tota l GB renewable  gene ration , m ore  close ly 
m atch ing an ticipa ted  seasonal leve ls of dem and. 

• Othe r conventiona l low-carbon  genera tion  (e .g. tida l, nuclear or conven tiona l 
carbon  with  CCUS) rem ain  im portan t contribu tors to  ach ieving the  2050 Net 
Zero obliga tion , bu t the ir con tributions in  the  im portan t 2020s will be  very low. 

• By be ing connected  a t the  transm ission  system  leve l, la rge-sca le  so la r 
gene ration  can  and  will p lay an  im portan t ro le  in  the  re silience  of the  GB 
e lectricity system  from  an  adequacy and  system  opera tion  pe rspective . 

• Large-sca le  so la r genera tion  a lso  supports secu rity of supply by he lp ing reduce  
the  na tiona l dependency on  im ported  hydrocarbon  source  fue ls, e .g. coa l and 
gas.  

• The  cost of so lar genera tion  is a lready super-com pe titive  aga inst the  cost of 
o the r form s of conventiona l and  low-carbon  generation , both  in  GB and m ore  
wide ly. 

• In te rna tiona lly, and  im portan tly for GB in  th is regard , is  the  ongoing trend  of 
so la r gene ration  asse ts becom ing la rger and  m ore  a ffordable , each 
subsequen t pro ject provid ing a  rea l-life  dem onstration  that so lar schem es of 
sim ila r size  and sca le  as The  Schem e  can  be  deve loped in  GB. The  deve lopm ent 
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of such  schem es will p rovide  decarbon isation  and  com m ercia l bene fits to  
consum ers. 

• Single  large -sca le  so lar schem es de liver m ore  qu ickly and  a t a  lower un it cost 
than  m ultip le  independent schem es wh ich  m ake  up  the  sam e  tota l capacity, 
bringing forward  carbon  reductions and  m ore  a ffordable  e lectricity, in  line  with  
governm ent policy. 

12.1.4 The  genera l bene fits of so la r gene ration  in  GB also  apply specifica lly to  The  Schem e: 

• The  Schem e is a  substan tia l in frastructure  asse t, capable  of de livering la rge  
am oun ts of low-carbon  e lectricity to  loca l and  na tiona l ne tworks. The  Schem e , 
a long with  othe r so lar schem es, is  of critica l im portance  on  the  pa th  to  Net 
Zero, with  NGESO scenarios predicting the  need  for 25 – 40GW of opera tiona l 
so la r capacity in  GB by 2030. The  need  for so la r is  e specia lly im portan t given  
the  context of the  CCC’s recen t identifica tion  of the  need for urgen t action  to 
increase  the  pace  of decarbon isation  in  the  GB e lectricity sector, and 
governm ent’s adoption  of the ir recom m endations for the  Sixth  Carbon  Budge t 
(2033 – 2037); 

• The  Schem e’s NETS connection  m eans that it will be  requ ired  to  p lay its part in  
he lp ing NGESO m anage  the  nationa l e lectricity system . Th is includes 
participating in  m andatory ba lancing m arke ts (to  he lp  ba lance  supply and 
dem and on  a  m inute-by-m inute  basis and  provide  e ssentia l ancilla ry se rvices) 
as we ll as provid ing visib ility to  the  GB power m arke t of its expected 
gene ration . Th is m eans that the  low m argina l cost so la r power it will produce , 
can  be  forecast and priced in to fu tu re  contracts for power de live ry by a ll 
m arke t participants, thus a llowing a ll consum ers to bene fit from  the  m arke t 
price  reducing e ffect of low-m argina l cost so lar gene ration; 

• The  Schem e  provides an  e fficien t opportun ity to  in tegra te  energy storage  with  
la rge -sca le  so lar gene ration . Energy storage  is an  e ssentia l technology for h igh-
RES e lectricity system s, such  as that wh ich  the  NETS is an ticipa ted  to becom e  
during the  critica l 2020s, as the  power genera tion  sector seeks to  ach ieve  rap id  
decarbon isa tion  in  support of wider decarbon isa tion  on  the  pa th  to Ne t Zero. 
Energy storage  p lays e ssentia l ro le s in  the  provision  of those  se rvices 
necessary to  keep  power flowing to  a ll consum ers, as we ll as in tegration  
m easures wh ich  he lp  ba lance  supply and  dem and, the reby reducing the  need 
for carbon-in tensive  back-up genera tion ; and 

• Maxim ising the  capacity of gene ration  in  the  proposed  area, is  to  the  bene fit 
o f a ll GB consum ers, and  the  so la r industry gene ra lly. 
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12.1.5 The  Schem e  will de live r ahead of other technologie s wh ich  have  longer construction  
tim efram es or have  potentia lly not ye t been  proven a t sca le , wh ich  will support 
decarbon isa tion  on ly in  fu ture  years and  on ly if they are  brough t forwards. 

12.1.6 In  sum m ary: the  m ean ingfu l and  tim e ly con tribu tions offe red  by The  Schem e  to  UK 
decarbon isa tion  and  secu rity of supply, wh ile  he lp ing lower b ills  for consum ers 
throughout its  ope rationa l life , will be  critica l on  the  pa th  to  Ne t Zero . Withou t The  
Schem e , a  sign ifican t and  vita l opportun ity to  deve lop  a  large-sca le  low-carbon 
gene ration  schem e  will have  been  passed over, increasing m ate ria lly the  risk tha t 
fu ture  Carbon Budgets and  Net Zero 2050 will not be  ach ieved . 

12.1.7 This Schem e is a  leading GB la rge -sca le  so la r schem e , and  is an  e ssentia l stepping-
stone  towards the  fu ture  of e fficien t decarbon isa tion  through  the  deploym en t of 
la rge -sca le , te chnologica lly and  geograph ically d ive rse  low-carbon gene ration  
schem es. Th is Schem e  addresses a ll im portan t aspects of existing and  em erging 
governm ent policy. 
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13 About the author 

13.1.1 This Statem ent has been  prepared  by Si Gille tt. Si Gille tt has European  ene rgy sector 
experience , spann ing 20 years of com m ercia l, ana lytica l and  consu lting ro le s with in  
Utilities and  the  Oil & Gas sector, and  provides se rvices to  UK ene rgy m arke t 
participan ts covering: 

• Renewable  genera tion  pre -construction  feasib ility studie s and  advice  for GB 
asse ts; 

• GB e lectricity m arke t com m ercia l ope ration; and  

• Electricity m arke t transform ation . 

13.1.2 Si Gille tt specia lise s in  m arke t change  readiness and  the  im plem entation  and 
pe rform ance  of energy m arke t regu lations and  in  previous ro les he  has he ld  
re sponsib ility for the  com m ercia l ope ration  of e lectricity genera tion  asse ts in  GB, EU 
wholesa le  energy m arke t trad ing and for the  asse ssm en t and  eva luation  of new 
deve lopm ents. 

13.1.3 He prepared  a  Statem en t of Need for Cleve  Hill Solar Park (DCO granted  May 2020) 
and  provided  written  and  verba l evidence  in  the  Issue  Specific Hearings. 

13.1.4 He a lso  prepared  a  Statem en t of Need to  support the  IROPI (im perative  reasons of 
overrid ing public in te rest) a rgum en ts m ade  in  re sponse  to  the  Secre tary of State  for 
Business, Energy and  Industria l Stra tegy request for further in form ation  under 
Article  6(4) of the  Habita ts Directive  and  section  126(7) of the  Marine  and  Coasta l 
Access Act 2009 for Orsted  Hornsea Pro ject Three  (DCO granted  Decem ber 2020). 

13.1.5 He is a lso  supporting c. 6GW (offshore  wind) and  c. 5GW (solar) of schem es through 
the ir applicable  p lann ing processes. 

13.1.6 He holds Masters degrees in  Mathem atics, from  Oxford  Un ive rsity, and  in  Nuclear 
Safe ty, Security and  Safeguards, from  the  Un ive rsity of Centra l Lancash ire . 
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	1 Executive Summary
	1.1.1 Cottam Solar Project Limited (the Applicant) is seeking a Development Consent Order (DCO) for the Cottam Solar Project, a large-scale solar photovoltaic (PV) and Energy Storage System development, connecting to the National Electricity Transmiss...
	1.1.2 This Statement of Need for solar generation and storage builds upon the 2011 National Policy Statements (NPSs) and describes how and why The Scheme addresses all relevant aspects of established and emerging government Policy, including the draft...
	1.1.3 The case for need is built upon the contribution of The Scheme to the three important national policy aims of decarbonisation:
	 Net Zero and the importance of deploying zero-carbon generation assets at scale;
	 Security of supply (geographically and technologically diverse supplies); and
	 Affordability.
	1.2.1 Chapter 3 provides a recap of the Policy framework established by the NPSs, and how they support the need for new low-carbon electricity generation infrastructure to meet the UK’s legal decarbonisation targets. A synthesis of the relevant parts ...
	1.2.2 Chapter 4 sets out the UK’s legal requirement to decarbonise and explains how that requirement has developed an increased need and urgency to meet the UK’s obligations under the Paris Agreement (2015). This chapter summarises the latest expert v...
	1.2.3 Chapter 5 describes how UK decarbonisation has been achieved to date, through a substantial reduction in the use of coal and the deployment of many  wind and solar schemes and explains why a number of schemes as foreseen in previous carbon plans...
	1.2.4 Chapter 6 confirms that future electricity demand will grow significantly through the decarbonisation-through-electrification of other industry sectors (the same reasons as those stated in the NPS), and therefore that significant new low-carbon ...
	1.2.5 Chapter 8 explains the contribution of solar generation and storage to security of supply, both from an availability and a system operation perspective, and concludes that The Scheme, if approved, would contribute to an adequate and dependable G...
	1.2.6 Chapter 9 describes characteristics of the part of the NETS to which The Scheme will connect and sets out the very strong reasons for connecting large-scale solar generation and/or storage facilities at the proposed location.
	1.2.7 Chapter 10 provides an analysis of the economic viability of large-scale solar generation as a future contributor to a low-carbon GB electricity supply system in comparison to alternate technologies; and an analysis of why The Scheme will be mos...
	1.2.8 Chapter 11 provides an overview of the role of integration technologies in the future Net Zero energy system, in particular the cross-vector nature of the leading viable pathways to a Net Zero future which lead to an increasing requirement for l...
	1.2.9 Chapter 12 concludes that significant capacities of low-carbon solar generation is urgently needed in the UK, and that integration technologies will also play an essential part in delivering Net Zero for the UK. Therefore, developing The Scheme ...

	2 Introduction
	2.1.1 Cottam Solar Project Limited (The “Applicant”) have prepared this Statement of Need (the “Statement”) as part of an application for a Development Consent Order (DCO) to construct, operate, maintain and decommission the Cottam Solar Project (the ...
	2.1.2 The Scheme comprises a number of land parcels (the ‘Site’ or ‘Sites’) described as Cottam 1, 2, 3a and 3b for the solar arrays, grid connection infrastructure and energy storage; and the Cable Route Corridors. The Sites are located approximately...
	2.1.3 The Scheme is described in full in Chapter 4 of the Environmental Statement (ES), Scheme Description [EN010133/APP/C6.2.4] supporting the application.
	2.1.4 As each of the four Sites have a generating capacity that exceeds 50 megawatts (MW), The Scheme is defined under the Planning Act 2008 as a Nationally Significant Infrastructure Project (NSIP) and will therefore require a DCO from the Secretary ...
	2.1.5 The Scheme will have an export and import connection to the National Electricity Transmission System (NETS). The Point of Connection (PoC) will be located at the existing Cottam 400kV National Grid substation within the site of the now-decommiss...
	2.1.6 The Scheme is being developed by the Applicant. The Applicant is part of Island Green Power Limited (IGP), who is a leading international developer of renewable energy projects, established in 2013.
	2.2.1 Solar generation is not specifically referred to in the National Policy Statements (NPS) EN-1 [5] and EN-3 [6], but this statement has been prepared on the basis that the current NPSs are important and relevant to the determination of this appli...
	2.2.2 The development timescales, location, and scale of The Scheme, provides a near-term decarbonisation opportunity as well as diversifying supply, and should be afforded significant weight when the Secretary of State considers matters which are imp...
	2.2.3 The case for need is built upon the contribution of The Scheme to the three important national policy aims of:
	 Decarbonisation (Net Zero and the importance of developing at-scale zero-carbon generation assets);
	 Security of supply (geographically and technologically diverse supplies); and
	 Affordability.
	2.2.4 This Statement of Need includes a description of how decarbonisation has so far been achieved in GB, and where further decarbonisation is required to meet the Net Zero legal requirements. The need to decarbonise further underpins the need for at...
	2.2.5 This Statement of Need extends the case made in the NPSs for low carbon generation and reflects emerging government policy that solar is a key part of the government’s strategy for low-cost decarbonisation of the energy sector. It calls on estab...
	2.2.6 The conclusion reached is that a significant capacity of low-carbon solar generation is urgently needed in the UK, and that developing The Scheme as proposed will be an essential near-term step in meeting that urgent need and the government obje...

	3 The National Policy Statements
	3.1.1 The NPSs were established against obligations made as part of the Climate Change Act 2008 (CCA2008) – see Section 4.2. The overarching National Policy Statement for Energy (NPS) EN-1 [5] sets out national policy for energy infrastructure in Engl...
	 Mitigating and adapting to climate change; and
	 Contributing to a secure, diverse and affordable energy supply. [6, Para 1.3.1]
	3.1.2 The NPS for renewable energy infrastructure covers those technologies which, at the time of publication in 2011, were technically viable at generation capacities of over 50MW onshore and 100MW offshore. Critically, solar is not included within t...
	3.1.3 The arguments made in 2011 have shifted as a result of a growing urgency (informed by developing scientific opinion and evidence) to reduce carbon emissions globally and locally; and the progress made by other low-carbon technologies and initiat...
	3.1.4 The government used its December 2020 Energy White Paper [9] to signal a review of the existing National Policy Statements, issuing draft revisions of NPS EN-1 and NPS EN-3 for consultation on 6th September 2021 [1, 2]. While the draft Revised N...
	3.1.5 This Statement of Need therefore extends the analysis contained in the NPSs to cover low-carbon solar generation against today’s climate, security of supply and cost of generation. It parallels those arguments made for NPS-relevant technology an...
	3.1.6 The NPSs set out, for England and Wales, the national case for NSIP energy projects and establish the need for certain types of infrastructure, as well as identifying potential key issues that should be considered by the decision maker. S104 of ...
	3.1.7 The transitionary provisions in the draft NPSs [1, 2] mean that although they will not directly be applicable to The Scheme, they may remain an important and relevant matter for the SoS to consider under S.105 of the Planning Act 2008.
	3.1.8 Policies within NPSs EN-1 (Energy), EN-3 (Renewable Energy Infrastructure) and EN-5 (Electricity Networks) are important and relevant to this proposal. The policies which are of particular relevance and importance to this examination are set out...
	3.2.1 At the time the NPSs were published, scientific opinion was that, to avoid the most dangerous impacts of climate change, the increase in average global temperatures must be kept to no more than 2  C. Global emissions must therefore start falling...
	3.2.1 At the time the NPSs were published, scientific opinion was that, to avoid the most dangerous impacts of climate change, the increase in average global temperatures must be kept to no more than 2  C. Global emissions must therefore start falling...
	3.2.2 The energy NPSs were intended to speed up the transition to a low carbon economy and help the UK to realise its climate change commitments sooner than would a continuation under the current planning system [5, Para 11.7.2]. They recognise that m...
	3.2.3 This would require major investment in new technologies to electrify heating, industry and transport, and cleaner power generation [5, Para 2.2.1]. Under some 2050 pathways, electricity generation would need to be virtually emission-free, becaus...
	3.2.4 The UK chose to largely decarbonise its power sector by adopting low carbon sources quickly, and invited industry to bring forward many new low carbon developments to meet the twin challenge of energy security and climate change [5, Para 3.3.5].
	3.2.5 The NPSs conclude that the UK needs sufficient electricity capacity from a diverse mix of technologies and fuels [5, Para 2.2.20], and therefore the UK also needs all the types of energy infrastructure covered by the NPSs in order to achieve ene...
	3.2.6 To hit the target of UK commitments to largely decarbonise the power sector by 2030, the NPSs conclude that it is necessary to bring forward new renewable electricity generating projects as soon as possible. The need for new renewable electricit...
	3.2.7 Solar generation is expected to make an important contribution to the UK’s renewable energy generating capacity towards 2050, further detail is provided in Section 7.4.
	3.3.1 The structure of the NPS suite has not changed in the latest draft documents. Draft Revised NPS EN-1 sets out the Government’s policy for the delivery of major energy infrastructure, and draft NPS EN-3 covers both onshore and offshore renewable ...
	3.3.2 The fundamental need for the large-scale infrastructure, which draft Revised NPS EN-1 considers, remains the legal commitment to decarbonisation to Net Zero by 2050 in order to hold the increase in global average temperature due to climate chang...
	Using electrification to reduce emissions in large parts of transport, heating and industry could lead to more than half of final energy demand being met by electricity in 2050, up from 17 per cent in 2019, representing a doubling in demand for electr...
	3.3.3 Government direction is to develop an integrated energy system which relies on low-carbon electricity generation for a significant proportion of its supply. As a consequence:
	Demand for electricity is likely to increase significantly over the coming years and could more than double by 2050 as large parts of transport, heating and industry decarbonise by switching from fossil fuels to low carbon electricity. The Impact Asse...
	3.3.4 Chapter 6 of this Statement of Need comes to the same conclusion, and also recognises that low-carbon generation is already cheaper than fossil fuel generation both in relation to its marginal cost of generation and its Levelised Cost of Energy ...
	3.3.5 Section 3.3 of draft Revised NPS EN-1 explains that large capacities of low-carbon generation will be required to:
	 Ensure that there is sufficient electricity to meet increased demand;
	 Replace output from retiring plants;
	 Ensure there is sufficient margin in our supply to accommodate unexpectedly high demand; and
	 Mitigate risks such as unexpected plant closures and extreme weather events.
	3.3.6 Chapter 7 and Chapter 8 of this Statement of Need are consistent with the arguments as they have been set out in draft Revised NPS EN-1.
	3.3.7 Draft Revised NPS EN-1 articulates the prudence of planning infrastructure development on a conservative basis, including for scenarios in which the future use of hydrogen is limited [1, Para 3.3.11]. Chapter 5 of this Statement of Need describe...
	 Providing security of supply;
	 Providing an affordable, reliable system (through the deployment of technologies with complementary characteristics); and
	 Ensuring the system is Net Zero consistent.
	3.3.8 In noting the crucial national benefits of increased system robustness through new electricity network infrastructure projects, draft Revised NPS EN-1 also recognises the particular strategic importance this decade of the role of solar generatio...
	As part of delivering [a secure, reliable, affordable, Net Zero consistent system in 2050], government announced a target of 40GW of offshore wind by 2030 … and the requirement for sustained growth in the capacity of onshore wind and solar in the next...
	3.3.9 The siting of new solar capacity is therefore important and the location of points of connection to existing networks to enable that capacity to come forwards, are an important consideration. Draft NPS EN-1 goes on to provide that:
	The Secretary of State should consider that the need for a new connection or network reinforcement has been demonstrated if the proposed development represents an efficient and economical means of: connecting a new generating station to the network; r...
	3.3.10 Chapter 9 of this Statement of Need demonstrates that the proposed connection point is suitable and no adverse operability effects are anticipated as a result of connecting (power flows, available transmission connection capacity, proximity to ...
	3.3.11 Draft Revised NPS EN-1 includes that much of the electricity infrastructure to support Net Zero is anticipated to be required to enable the continued development of large-scale capacity which will connect at the transmission level and Section 8...
	Government does not believe [decentralised and community energy systems] will replace the need for new large-scale electricity infrastructure to meet our energy objectives although it is recognised that they make an important contribution to meeting n...
	3.3.12 In relation to integration technologies, Draft Revised NPS EN-1 states that:
	New generating plants can deliver a low carbon and reliable system, but we need the increased flexibility provided by new storage and interconnectors (as well as demand side response …) to reduce costs in support of an affordable supply. Storage and i...
	3.3.13 Draft Revised NPS EN-1 goes on to explain that storage is needed to reduce the costs of the electricity system and increase reliability by storing surplus electricity in times of over-supply, to provide electricity when demand is higher. The lo...
	3.3.14 Draft Revised NPS EN-3 covers nationally significant renewable energy infrastructure which includes solar photovoltaic (PV) at >50 MW in England and >350MW in Wales [2, Para 1.6.1].
	3.3.15 The document re-iterates the contribution that solar generation is expected to make to achieving Net Zero targets:
	Solar farms are one of the most established renewable electricity technologies in the UK and the cheapest form of electricity generation worldwide. Solar farms can be built quickly and, coupled with consistent reductions in the cost of materials and i...
	3.3.16 BEIS suggest anticipated levels of land efficiency for solar generation, this recognises both the land take which schemes such as this one requires, but also that evolution in the technology is anticipated and this may bring about efficiency be...
	Along with associated infrastructure, generally a solar farm requires between 2 to 4 acres for each MW of output. A typical 50MW solar farm will consist of around 100,000 to 150,000 panels and cover between 125 to 200 acres, although this can vary sig...
	3.3.17 Draft Revised NPS EN-3 lists irradiance and site topography as key inputs to site selection. This Statement of Need aligns with the draft NPS EN-3 position on these points. The suitability of the location and design of The Scheme, including the...
	3.3.18 Grid connection, and in particular the likely proximity of schemes to suitable connection points on the transmission network, is also addressed, and is also consistent with Section 7.5 of this Statement of Need:
	The applicant may choose a site based on nearby available grid export capacity. Locating solar farms at places with grid connection capacity enables the applicant to maximise existing grid infrastructure, minimise disruption to local community infrast...
	3.3.19 The degradation of solar efficiency over time is addressed in draft Revised NPS EN-3 [2, Paras 2.48.8 & 2.49.9], is referenced in Section 10.3 of this Statement of Need, and mitigations are considered more fully in Section 7.7:
	Light induced degradation affects most solar panels and on average panels degrade at a rate of up to 1% each year. Applicants may account for this by overplanting solar panel arrays. [2, Paras 2.48.8].
	Solar panels typically have a design life of between 25 and 30 years, although this can sometimes be longer, and can be decommissioned relatively easily and cheaply … applicants may elect to replace panels during the lifetime of the site [2, Paras 2.4...

	4 The United Kingdom has a legal commitment to decarbonise
	4.1.1 This chapter sets out the obligations of the Climate Change Act 2008, against which the NPSs (2011) were established. It then outlines the UK’s 2019 legally binding commitment to achieving Net Zero carbon emissions by 2050, against which the nee...
	Figure 4.1: UK greenhouse gas emissions, 1990 - 2021
	[10, Table 1.2]
	4.2.1 The commitment to decarbonise extends across the United Kingdom of Great Britain and Northern Ireland. Northern Ireland is interconnected with the mainland power system through interconnectors but is operated under a different electricity market...
	4.2.2 The government, through the Climate Change Act 2008 (CCA2008), made the United Kingdom the first country in the world to set legally binding carbon budgets, aiming to cut emissions (versus 1990 baselines) by 34% by 2020 and at least 80% by 2050,...
	4.2.3 CCA2008 is underpinned by further legislation and policy measures. Many of these have been consolidated in the UK Low Carbon Transition Plan (2009) [11], and UK Clean Growth Strategy (2017) [12]. A statutory body, the Committee on Climate Change...
	4.2.4 Up to 2020, the UK made progress with its carbon reduction obligations, as shown in Figure 4.1, through significant reductions in the power, industry, and waste sectors. CCA2008 obligations translate to a total emissions target of ~550 MtCO2(e) ...
	4.2.5 All industry sectors have important roles to play in decarbonisation, but so far carbon reductions outside of power, industry and waste have been less significant than those achieved within the power sector, as shown in Figure 4.1. Electrificati...
	Moving to a secure, low carbon energy system is challenging, but achievable. It requires major investment in new technologies to renovate our buildings, the electrification of much of our heating, industry and transport, prioritisation of sustainable ...
	4.2.6 However, information provided by National Grid ESO on their ESO Data Portal (Historic Generation Mix & Carbon Intensity Dataset) illustrates that the further decarbonisation of the electricity grid is not a given. Ageing zero-carbon nuclear is b...
	4.2.7 The context for the need for greater capacities of low-carbon generation to come forward in GB with pace, has continued to develop since 2018. In October 2018, following the adoption by the UN Framework Convention on Climate Change of the Paris ...
	4.3.1 In response, in May 2019, the CCC published Net Zero: The UK’s contribution to stopping global warming [14]. This report recommended that government extend the ambition of CCA2008 past the delivery of net UK greenhouse gas savings by 80% from 19...
	4.3.2 In June 2019, the government announced the laying of a statutory instrument in Parliament, which amended CCA2008, in order to implement the CCC’s recommendation into law. The UK thus became the first major economy to pass laws to end its contrib...
	4.3.3 Figure 4.1 illustrates the reduction in carbon emissions from GB electricity generation which has been achieved since 1990. Despite this reduction, the CCC’s position is that extending the ambition of CCA2008 is not credible unless decarbonisati...
	To reach the UK’s new Net Zero target emissions will need to fall, on average, by around 14 MtCO2e every year, equivalent to 3% of emissions in 2019. As the existing carbon budgets were set on a cost-effective path to achieving an 80% reduction in UK ...
	4.3.4 Consistent with the NPS, the UK’s pathway to a successful 2050 carbon budget must involve wider transitions outside of the GB power generation sector: decarbonisation of transport, industry, agriculture and the home, and utilisation of alternate...
	4.3.5 The Energy Systems Catapult (ESC) was set up to accelerate the transformation of the UK’s energy system and ensure UK businesses and consumers capture the opportunities of clean growth. The ESC is an independent, not-for-profit centre of excelle...
	4.3.6 In March 2020 the Energy Systems Catapult (ESC) published the Innovating to Net Zero report which summarised the results of an update to their national Energy System Modelling Environment (ESME) [18]. The aim of the analysis was to consider pote...
	Net Zero narrows the set of viable pathways for the future energy system. Where an 80% target allowed considerable variation in relative effort across the economy, with some fossil fuels still permissible in most sectors, Net Zero leaves little slack....
	4.3.7 ESC analysis [18, p27] anticipates that the decarbonisation of other sectors will require at least double today’s electricity demand by 2050, all of which must come from zero-carbon sources. Coupled with NGESO’s own forecasts of the requirement ...
	4.3.8 In September 2022, Government announced the commissioning of an independent review of their approach to delivering the Net-Zero target, to ensure that it is pro-business and pro-growth.  The Terms of Reference of the review [122] shows that it w...
	 Deliver maximum economic growth and investment, driving opportunities for private investment, jobs, innovation, exports, and growth right across the UK;
	 Support UK energy security and affordability for consumers and business and the need to rapidly increase and strengthen UK energy production and supply; and
	 Minimise costs borne by businesses and consumers, particularly in the short-term.
	4.3.9 The “Skidmore Review” is anticipated to produce a report including a set of recommendations which will be submitted to the BEIS Secretary of State by the end of December 2022.  In advance of the publication of that report, it is noted that Chapt...
	4.4.1 Government policy on climate change does not stop at our national borders, indeed since 2010, government has included within its policy actions, "driving ambitious action on climate change at home and abroad" [5, Para 2.2.3]. In this regard, the...
	Whether the world achieves the long-term temperature goal of the Paris Agreement will depend on the actions of other countries alongside the UK. A large-scale shift in investment towards low-carbon technologies is needed and emissions need to stop ris...
	More rapid electrification must be accompanied with greater build rates of low-carbon generation capacity, accompanied by measures to enhance the flexibility of the electricity system to accommodate high proportions of inflexible generation. While key...
	4.4.2 Further, the CCC set out an ambitious course for the UK to lead, internationally, in climate change mitigations and actions:
	The UK has the strongest record of emissions reduction in the G20 over the last decade, and over a longer period back to 1990. [15, p13]
	UK domestic climate ambition can be the basis for UK international leadership in 2021, in the Presidency of the delayed UN climate summit in Glasgow (COP26) and in the G7 Presidency. [15, p16].
	4.4.3 At the end of June 2020, the then Prime Minister set out his vision that the UK would lead in markets and technologies. He committed to backing the vision of the UK becoming a global leader in developing batteries and said that the UK would lead...
	4.4.4 In July 2020, government made commitments to support the transition from natural gas to clean hydrogen power, and to scale up carbon capture and storage, by providing £350M funding for a "green recovery supercharge." Such an endeavour is necessa...
	4.4.5 In August 2020, government announced funding for several green infrastructure development and innovation projects [22], further evidence of government’s continued backing of the sector and its support for organisations to make decisive contribut...
	4.4.6 Also in August 2020, the National Infrastructure Commission (NIC) issued a report stating that:
	The latest analysis for the Commission suggests that 65 per cent of Britain’s electricity could be delivered from renewables by 2030 with no material change in cost when compared to the Commission’s previous recommendation to deliver 50 per cent renew...
	4.4.7 Importantly, the CCC make recommendations for BEIS to "deliver plans to decarbonise the power system to reach an emissions intensity of 50 gCO2/kWh by 2030, with at least 40GW of offshore wind and a role for onshore wind and large-scale solar po...
	4.4.8 In November 2020, the then Prime Minister published his ten-point plan, which to a degree responds to the CCC’s recommendations, including the aim to "create, support and protect hundreds of thousands of green jobs, whilst making strides towards...
	The signs point to a propitious moment for global climate ambition in Glasgow next year. But our international leadership, in the Presidency of COP26 and of the G7, must begin at home. Our influence in the wider world rests ultimately on strong domest...
	4.4.9 And government agrees with this advice:
	The actions we take as a result of this white paper, as part of our wider climate agenda, are intended to show leadership and vision and demonstrate to our partners around the world that now is the time to take the bold steps to tackle climate change....
	The UK is the world’s first major economy to present a Net Zero Industrial Decarbonisation Strategy ... The UK was also the first major economy to legislate an ambitious Net Zero target and we are taking a leading role globally in the fight against cl...
	4.4.10 On announcing the adoption of the CCC’s recommendations for the sixth Carbon Budget in April 2021, the UK set the world’s most ambitious national climate change target into law. An address by the then Prime Minister at the opening session of th...
	4.4.11 The Scheme presents a significant opportunity to take a further step forward in the UK’s fight against climate change, and in the transition to a diverse supply mix of clean generation. The consent of the UK’s first large-scale solar park at Cl...
	4.5.1 The 26th UN Climate Change Conference of the Parties (COP26) was held in Glasgow on 31st October to 13th November 2021. COP26 brought parties together to accelerate action towards the goals of the Paris Agreement and the UN Framework Convention ...
	4.5.2 Agreements were reached on many themes at COP26, including: science and urgency; adaption; adaption finance; mitigation; finance, technology transfer and capacity-building for mitigation and adaptation; loss and damage; implementation; collabora...
	4.5.3 Of greatest relevance to this Statement of Need, specifically because collective progress to date to reduce emissions has not been sufficient, are the outcomes agreed at COP26 relating to mitigation: setting out the steps and commitments that Pa...
	 Over 90% of world GDP and around 90% of global emissions are now covered by net zero commitments and 153 countries have put forward new or updated emissions NDCs, which collectively cover around 80% of the world’s greenhouse gas emissions. Net Zero ...
	 The importance of action now to address the urgency of climate change and drive emissions down before 2030 was cemented in an agreement from all parties to revisit and strengthen their current emissions targets to 2030, in 2022;
	 The role of clean electricity in delivering climate action, and the importance of driving down emissions from fossil fuel generators as well as increase capacity of renewable generators, was acknowledged in the negotiated agreement by 190 countries ...
	 Accounting for over 10% of global greenhouse gas emissions, and around half the world’s consumption of oil, road transport is a critical sector to decarbonise with pace. Agreement was reached by countries, cities, companies, investors and vehicle ma...
	4.5.4 It is appropriate that COP26 was held in the UK, because of the significant leadership and progress shown by the UK through its climate actions and ambitious climate change targets. And as the COP26 Outcomes report reminds its readers: "we must ...
	4.5.5 The Scheme presents an opportunity for the UK to underpin its delivery on the COP26 mitigation pledges:
	 The UK has published its NDC, which is a reduction in economy-wide greenhouse gas emissions by at least 68% by 2030, compared to 1990 levels and represents a greater reduction in emissions than that required by Carbon Budget 5 (2028 – 2032).  This S...
	 The Scheme will generate low-carbon power in the critical 2020s and therefore before the current emissions targets date of 2030. Early action to decarbonise is important in the climate fight;
	 The Scheme will generate low carbon power for transmission across GB, meaning that less power will need to be generated in GB from fossil fuelled power stations, or imported from other countries, potentially associated with carbon emissions due to t...
	 The UK is leading the way globally in electrifying vehicles and The Scheme will be an essential source of low-carbon power to keep GB consumers and businesses moving in new electric vehicles while at the same time, saving carbon emissions.
	4.6.1 As part of the IPCC’s Sixth Assessment Report, IPCC Working Group III (IPCC WGIII) published their Summary of Climate Change in April 2022 and related summaries [27]. The key outcome of their research was that total anthropogenic GHG emissions c...
	4.6.2 Further, although emissions dropped temporarily in the first half of 2020 due to the COVID-19 pandemic, they had rebounded by the end of the year. [27, SPM-5]. Emissions increases were experienced across all major sectors (transport, heating, po...
	4.6.3 IPCC WG III observed that unit costs of several low-emission technologies have fallen since 2010, and their use has increased, this has so far contributed to the slowing of emissions growth in some countries.
	4.6.4 For example, from 2010–2019, IPCC WGIII observe that there have been sustained decreases in the unit costs of solar energy (85%), wind energy (55%), and lithium-ion batteries (85%), and large increases in their deployment, e.g., >10x for solar a...
	4.6.5 However, and most alarmingly:
	Global GHG emissions in 2030 associated with the implementation of nationally determined contributions (NDCs) announced prior to COP26 would make it likely that warming will exceed 1.5 C during the 21st century. Likely limiting warming to below 2 C wo...
	4.6.6 The IPCC WGIII's global greenhouse gas emissions for four modelled scenarios are included in Figure 4.2, which illustrates that:
	 Global NDCs are not yet sufficient to meet nor sustain a (likely) successful track towards containing global temperature rise below 1.5C; and
	 Policies implemented to date fall short even of those NDCs. The IPCC report findings therefore imply that mitigation after 2030 can no longer establish a pathway which will likely not exceed 1.5 C global temperature increase vs. 1990, during the 21s...
	4.6.7 Only the most dramatic and most urgent actions provide a route which is likely to limit global warming to 1.5 C with no or limited overshoot.
	4.6.8 Much more action is required globally, and with much more urgency, than has so far been committed to within national policies. Regional disparities in emission reductions to date and opportunities and resources to deliver further reductions exis...
	Figure 4.2: Funnelled representation of global GHG emissions of modelled pathways
	[27, Adapted]
	4.7.1 In July 2022, the CCC published their report on UK emissions in 2021, and this section provides a summary of that report.
	4.7.2 The CCC’s 2022 report reviews emissions performance of 2021, which “rose 4% in 2021 compared with those in 2020 as the economy began to recover from the COVID-19 pandemic … but were still 10% below pre-pandemic 2019 levels” [115, p14].
	4.7.3 Year-on-year emissions increases occurred primarily in the surface transport, electricity generation and manufacturing sectors, highlighting the importance of urgent deployment of low-carbon generation assets to keep generation emissions under c...
	4.7.4 The 2022 report concludes that the UK’s emissions targets are compliant with the Paris Agreement and the Net Zero strategy (and supporting strategies) to reach them are credible.
	4.7.5 However, the CCC report that policies “are not yet in place to drive the large programme of delivery required this decade” – implying that further development (and completion) of associated policy frameworks should be completed with urgency.
	4.7.6 Further, the CCC echo the findings of the IPCC report [27] in that tangible progress is lagging the policy ambition, again implying that more needs to be done in delivery as well as in policy and strategy. Without a greater emphasis and focus on...
	4.7.7 The CCC assess that the take-up of renewable electricity and of electric vehicles is very positive and therefore attract confidence that the necessary progress will be made in deployment, although risks around delivery require active and ongoing...
	4.7.8 The development of renewable electricity projects is a critical enabler of decarbonisation and must continue with pace to achieve the policy objectives associated with the Net Zero strategy. The CCC assess that approximately 80% of the carbon re...
	4.7.9 The CCC recommend that BEIS should continue to plan for full decarbonisation of electricity supply by 2035; address risks around connecting assets to the grid; and develop contingency plans for the current reliance on unproven carbon removal tec...
	4.7.10 The CCC report is relevant to The Scheme because it highlights that government’s strategy and policy aims in relation to the decarbonisation of electricity supply are credible and are necessary for achieving Net Zero – although further policy a...
	4.7.11 The CCC recognise that delivery against the current generation supply policy aims is not risk-free, specifically in relation to the timing of decarbonisation delivery, reliance on carbon removal technologies and a recommendation to develop furt...
	4.7.12 The Scheme, which will use a proven generation technology and is at an advanced stage of development, offers the opportunity, if consented, for GB to deliver a solar farm with connection capacity of 600MW in 2029.
	4.7.13 Connecting generation capacity of proven technologies (such as solar power) reduces the risk associated with delays in development in later years and also reduces the reliance needed to be placed on unproven technologies.
	4.7.14 Further, connecting proven generation capacity early reduces the scale of contingency plans required to manage later delivery risk, all of which improves the deliverability of policy aims and makes critical steps towards delivering Net Zero.

	5 Progress against the Low Carbon Transition Plan
	The UK needs to wean itself off such a high carbon energy mix: to reduce greenhouse gas emissions. [5, Para 2.2.6]
	The Overarching National Policy Statement on Energy EN-1 sets out how the energy sector can help deliver the government’s climate change objectives by clearly setting out the need for new low carbon energy infrastructure to contribute to climate chang...
	It is for industry to propose new energy infrastructure projects within the strategic framework set by government. [5, Para 3.1.2]
	5.1.1 In 2011, approximately 75% of GB’s electricity came from carbon-based fuels; and contributed over a third of UK greenhouse gas emissions. Since then, carbon emissions from electricity have reduced, but mainly through measures other than those wh...
	5.2.1 Figure 4.1 shows the trend in reductions in carbon emissions in the UK, including from GB power generation, since 1990. Power sector reductions have been achieved through many initiatives and circumstances, including:
	 Electricity volumes generated from coal and gas fired plants has reduced. The Large Combustible Plant Directive (aiming to improve air quality but also having significant carbon reduction benefits) required the clean up or time-limited operation of ...
	 GB’s second-generation nuclear fleet (9GW) operated significantly past its original decommissioning dates. Nuclear provided 16% of electricity demand in 2020 with low carbon emissions [13], however the decommissioning of existing plants commenced in...
	 Low carbon variable generation, predominantly wind and solar, has been deployed to GB grid more quickly and more widely than originally projected, as illustrated in Table 5.2.
	5.2.2 The GB electricity market is complex with long-term price uncertainty. Within it, multiple players are developing assets in response to market signals rather than because of a centrally coordinated asset development program [28, p80], and theref...
	5.2.3 Conventional (thermal, dispatchable) plants in GB have closed, but new dispatchable low-carbon plants have not yet opened. By contrast, Renewable Energy Sources (RES, including solar PV, onshore wind and offshore wind) have been deployed because...
	Table 5.1: Historical capacities of renewable generation deployment and sites approved for construction (GW)
	Adapted from [30, 116, 117]
	5.2.4 NGESO’s Future Energy Scenarios (FES) 2020, 2021 and 2022 [35, 13, 116] describe three pathways involving radical change across many industry sectors, which will deliver the required 100% reductions in carbon emissions by 2050 and one scenario w...
	Figure 5.1: Illustration of potential solar capacity evolution by FES scenario
	[116, Figure ES.E.16]
	5.3.1 In an address to the opening session of the US Leaders’ Summit on Climate, hosted by US President Biden on Earth Day (22nd April 2021), the then Prime Minister urged countries to follow the UK in raising their ambitions on tackling climate chang...
	5.3.2 The timescales for building out new, large-scale generation schemes are generally long. Many schemes being planned today may not generate their first MWh of carbon-free electricity for a further 5 to 15 years. Solar generation assets sit at the ...
	5.3.3 Recalling from Chapter 4 that the UK’s pathway to a successful 2050 carbon budget must involve wider transitions outside of the power generation sector, implies also that the power generation sector must first decarbonise to enable the successiv...
	Figure 5.2: Power generation emissions must reduce to negative in the early 2030s to meet the 2050 Net Zero target and interim Carbon Budgets.
	[116, Figure NZ.08]
	5.3.4 The Industrial Decarbonisation Strategy clearly states the objective for the 2020s, which "will be crucial ... to lay the bedrock for industrial decarbonisation. Over the next decade ... the journey of switching away from fossil fuel combustion ...
	5.3.5 However, information provided by National Grid ESO on the ESO Data Portal (Historic Generation Mix & Carbon Intensity Dataset) illustrates that the further decarbonisation of the electricity grid is not a given. Ageing zero-carbon nuclear is bei...
	5.3.6 In conclusion, to address the ongoing climate emergency, it is critical that the UK develops a large capacity of low carbon generation, and it is critical that this development occurs urgently – in the near-term and not just later – to facilitat...
	5.4.1 It is important to clarify that this report does not seek to justify or promote the exclusion of any generation technologies other than solar power from the future GB generation mix.
	5.4.2 Table 5.2 includes elements of the government’s Low Carbon Transition Plan (LCTP) made in 2009, which were expected to make significant contributions to reducing the carbon intensity of electricity generation. A current status on these initiativ...
	5.4.3 The National Infrastructure Commission (NIC) was established in 2015 to provide independent, impartial advice on the UK’s long-term infrastructure needs. NIC stated in its first National Infrastructure Assessment report in 2018 that:
	New nuclear power plants and carbon capture and storage infrastructure will not be built by the private sector without some form of government support. [36, p38]
	Table 5.2: Projections from 2009 for a low carbon power sector
	Summarised from [11, 36, 9, 3, 4]; and a 2022 status [Author Analysis]
	Carbon Capture Usage and Storage
	5.4.4 FES 2012 [37] estimated that between 5GW and 14GW of Carbon Capture Usage & Storage (CCUS) could be operational (across coal, gas, and biomass plant) by 2030. One of the biggest challenges with CCUS at the time of writing the LCTP, was that whil...
	5.4.5 The UK chose to largely decarbonise its power sector by adopting low carbon sources quickly but remained cognisant of the advantages to the UK of maintaining a diverse range of energy sources to avoid dependency on a particular fuel or technolog...
	5.4.6 The Prime Minister’s Ten Point Plan of November 2020 included an ambition to develop "world-leading technology to capture and store harmful emissions away from the atmosphere, with a target to remove 10 million tonnes of carbon dioxide by 2030."...
	5.4.7 Until as recently as 2019, government did not foresee that CCUS would make any significant contributions to carbon reductions in the UK until the 2030s [12 p126, 40, 41 p115] however recent progress has been made in the development of industrial...
	 Invest £1 billion to bring forward four CCS clusters by the end of the decade, with two to begin construction by the mid 2020s;
	 Set an ambition to capture 10 megatons of carbon dioxide per year by 2030; and
	 Outline further details on new business models and revenue mechanisms to attract private sector investment. [3, p53].
	Wave / Tidal Power
	5.4.8 Wave / Tidal power has been proposed at several locations in the UK, although wave technology development has experienced both cost and operational challenges [43]. Early predictions on future rollout of wave / tidal power showed varying levels ...
	Nuclear Power
	5.4.9 Nuclear currently provides the largest capacity of dispatchable low-carbon power generation in GB and therefore is an incredibly important operational generation technology in the context of decarbonisation. Nuclear has historically met approxim...
	5.4.10 Existing nuclear is close to the end of its life. At the date of submission of this report, three Advanced Gas-cooled Reactors (AGRs), Dungeness B (1GW), Hunterston B (1GW) and Hinkley Point B (1GW) have closed and firm closure dates have been ...
	Figure 5.3: Generating capacities and announced closure dates for existing UK AGR stations
	[Author analysis of data sourced from www.edfenergy.com]
	5.4.11 Nuclear power has attracted significant government attention over the last decade, including plans for 16GW of new build capacity by 2030, described in the 2013 Nuclear Industrial Strategy [45].
	5.4.12 New nuclear developments are progressing. Hinkley Point C is currently under construction and other projects are at various stages of development. But it is clear that new nuclear will not be built out at the appropriate rate and scale so to al...
	5.4.13 Figure 5.4 shows that capacity from current and committed new nuclear projects (at the time of writing: only Hinkley Point C (HPC)) will reduce from now until 2030. Without a significant and immediate drive from government to commit to further ...
	5.4.14 Government have removed many barriers to nuclear development over the last decade, including: site selection (the National Policy Statement for Nuclear Power Generation); regulatory approval of reactor designs (the Generic Design Assessment (GD...
	Figure 5.4: Projections of current nuclear capacity as existing stations close
	[13, 18, 46, Author Analysis, www.edfenergy.com]
	5.4.15 These policy instruments clearly signalled that the UK was open to nuclear business and that it was now for commercial entities to bring new nuclear to market. The process which needs to be followed however is neither easy, nor short. Nuclear p...
	5.4.16 Government’s 2020 Energy White Paper sets the scene for further nuclear development in GB and confirms the identification of a "RAB (Regulated Asset Base) model [which] remains credible for funding large-scale nuclear projects" [9, p49].
	5.4.17 Another project, Sizewell C (SZC), also EDF/CGN, is currently progressing through development. A project aiming to build the third and fourth UK EPR, SZC may proceed through planning, consenting and construction more rapidly than HPC, once fund...
	5.4.18 The Nuclear Energy (Financing) Act formalises the application of a Regulated Asset Base financing model for new nuclear construction. Royal Assent was achieved in 2022 and allows for Sizewell C and other projects to secure funding support.
	5.4.19 SZC has previously been predicted to come online in the early 2030s [47] but progress to date and construction performance at Hinkley Point C point to commercial operation from the mid 2030s at the earliest opportunity.
	5.4.20 CGN have taken the lead on the Bradwell B project. GDA on their reactor design started in 2017, and concluded successfully in early 2022. No indications of intended project timelines have been published by the developer, however an assessment o...
	Figure 5.5: HPC Timeline
	[Author analysis]
	[Author analysis]
	5.4.21 Two other large-scale new nuclear projects have folded without securing agreement to proceed. The first to be abandoned was Moorside, Cumbria. Toshiba planned to develop three Westinghouse AP1000 reactors, commissioning from 2026 onwards. In Ma...
	5.4.22 The second abandonment was Wylfa Newydd, Anglesey, Wales. Hitachi, the parent owners of Horizon Nuclear Power, were developing a project to construct and operate two Advanced Boiling Water Reactors (ABWRs). The ABWR is not a new reactor design:...
	5.4.23 Horizon’s forecast commissioning date for Wylfa remained at or around 2026 throughout the project development process, however commercial conversations with Government concluded without agreement in January 2019, prompting Hitachi to announce a...
	5.4.24 At the time of writing this report, government has been reported as discussing with developers the very early stages of plans to build the AP1000 technology at Wylfa. Following the withdrawal of Hitachi’s DCO application however, the earliest p...
	5.4.25 Government remains committed to ensuring all technologies have a part to play in the future energy mix, providing that they offer value for money for consumers. Nuclear power could achieve this through either the delivery of larger projects or ...
	5.4.26 Government’s Industrial Decarbonisation Strategy aspires to have the first SMRs commercially deployed in the UK in the early 2030s, with an operational Advanced Modular Reactor (AMR) demonstrator deployed at the same time [17, p73]. AMRs use no...
	5.4.27 The 2020 National Infrastructure Strategy confirms government’s continued support for the development of nuclear technologies through the provision of funding to bring forward large scale and small modular reactors [3, p50], but the strategy do...
	5.4.28 Nuclear holds a prominent position in Government's British Energy Security Strategy [50], published in 2022, and which is discussed in Section 8.9.
	5.5.1 In summary, despite recent commitments from government to providing continued support for both technologies, neither nuclear power nor carbon capture and storage are likely to play a significant role in furthering decarbonisation before the 2030...
	5.5.2 The 2019 BEIS consultation on new nuclear financing [51] includes statements on forecast energy growth and the importance of renewable generation (alongside nuclear) in meeting that demand:
	Meeting Net Zero will require emissions from the power sector to be reduced to low levels and the deployment of negative emissions technology to offset emissions from those sectors that cannot be completely decarbonised. It is likely that electricity ...
	5.5.3 Government’s current policy for market-led developments of low-carbon generation from diverse sources of power, including solar, to meeting the UK’s Net Zero legal commitments, is critical for success.
	5.5.4 While the door remains open for nuclear power to make significant contributions to low-carbon generation in the mid/late 2030s and beyond, the gap created by the closure of the existing nuclear fleet must be filled (as was discussed in Section 5...
	5.5.5 Fundable and deliverable schemes, which use proven technologies to generate low-carbon electricity at scale, should be brought forwards with urgency to make tangible and essential advances in decarbonisation in the near term.
	5.5.6 Solar power generation has global momentum and large-scale schemes are already being developed in GB. With this context, the attractiveness of solar, a proven technology which will deliver significant benefits to consumers through decarbonisatio...
	5.5.7 The role that solar has played in decarbonising GB’s electricity generation to date is clear from Table 5.2. Solar has undergone significant technological advances in scale and efficiency, and the UK has many areas of high solar irradiation. It ...
	5.5.8 Solar generated 11.7TWh of energy in 2019. This increased to over 12.1TWh in 2020 and 2021 generation was 11.2TWh [Author analysis from NGESO market data]: an important and reliable annual contribution to national demand. Solar is well placed to...
	5.5.9 This analysis is relevant to The Scheme, because of the importance of urgently bringing forward significant capacities of deliverable low carbon power with urgency. Draft Revised NPS EN-1 articulates the government’s prudent view that infrastruc...
	5.5.10 Solar generation is needed in the UK to keep us on course in our fight against climate change precisely because it is a fundable and deliverable technology. The Scheme should therefore be recognised for the critical contribution it will make to...
	As nations move out of the shadow of coronavirus and confront the challenge of climate change with renewed vigour, markets for new green products and services will spring up round the world. [9, p4].
	5.6.1 Government has consistently shown its commitment through the 2020 COVID-19 pandemic, to build back greener in order to tackle climate change and stimulate economic recovery. Although the fight against climate change requires urgent action, it al...
	 Transforms energy, building a cleaner, greener future for our country, our people and our planet; and
	 Supports a green recovery, growing our economy, supporting thousands of green jobs across the country in new green industries and leveraging new green export opportunities [9, p4].
	5.7.1 Research has uncovered a correlation between air pollution levels and risk of death . For example, high levels of fine particulate pollution (generated largely from fuel combustion from cars, refineries, and power plants) has been linked with ri...
	5.7.2 A study by the Office for National Statistics (ONS) was reported, in August 2020, to have found that "single-unit increase in pollution exposure over long term may increase [COVID-19] death rate by up to 6%" [53]. Findings from the UK and US, Ch...
	5.7.3 COVID-19 drove carbon emissions down through a reduction in economic activity and therefore energy requirement. Many environmental indicators improved during the lockdown period. The restart of economic activity, however challenged, leads to a r...
	5.8.1 In June 2020, the then Prime Minister tasked the UK to "build better and build greener but also build faster", saying that "the UK would lead in markets and technologies such as Net Zero planes and long-term solutions to global warming such as s...
	5.8.2 The CCC provided strong direction in their most recent Progress Reports to Parliament [15, 54, 115], including evidence of how a range of low-carbon and climate adaptation "green stimulus" measures can fulfil both short-term and long-term needs ...
	5.8.3 In November 2020, in anticipation of the publication of government’s Energy White Paper, Energy Minister (as he was then) Kwasi Kwarteng confirmed that government remained committed to domestic and international efforts to tackle climate change;...
	Fighting climate change offers huge opportunity for both growth and job creation ... the time is now to seize these opportunities. [9, p2]

	6 Future demand for electricity is growing
	[Government] expect[s] that demand for electricity is likely to increase, as significant sectors of energy demand (such as industry, heating and transport) switch from being powered by fossil fuels to using electricity. As a result of this electrifica...
	Whilst no such projections of the UK’s future energy mix can be definitive, they illustrate the scale of the challenge the UK is facing. [5, Para 3.3.21].
	6.1.1 The annual demand for energy from all sources in GB in 2020 was 1,355TWh, with 20% (272TWh) in the form of electricity [116, Figure EC.02]. While total GB energy demand must reduce significantly by 2050, electricity demand is expected to grow as...
	6.2.1 The future characteristics of GB’s electricity demands are described through a set of possible scenarios developed (through industry consultation) on an annual basis by GB’s Electricity System Operator and statutory undertaker, NGESO. This annua...
	All our scenarios consider energy demand and supply on a whole system basis, incorporating gas and electricity across the transmission and distribution networks. We continually develop all aspects of our Future Energy Scenarios process ensuring that t...
	This includes extensive stakeholder consultation and detailed network analysis, which enables NGESO to identify strategic gas and electricity network investment requirements for the future.
	6.2.2 FES publications go back to at least 2012 and are available on National Grid ESO’s website). The speed of decarbonisation is a key feature in each edition of the FES since 2018, with three of the four scenarios from FES 2020, FES 2021 and FES 20...
	6.2.3 FES 2022 [116] recommends strategic whole system thinking. This means a consideration of all aspects of energy demand and supply as an interconnected system, rather than thinking about electricity, transport or heat separately. Strategic coordin...
	6.2.4 FES 2022 addresses delivery of the British Energy Security Strategy and concludes that it requires urgent anticipatory investment to ensure that the energy system is not a blocker to Net Zero.  Whole system thinking, especially across the electr...
	6.2.5 This, coupled with a further increase in the urgency of action against Climate Change, manifests in FES 2022 through a greater emphasis on interim milestones such as carbon-free operation of the National Electricity Transmission System by 2035 a...
	6.2.6 FES 2022 includes four modelled scenarios. Two of the four (Consumer Transformation and System Transformation) meet the Net Zero target in 2050. A third, Leading The Way, meets Net Zero in 2047. The fourth scenario has been renamed from Steady P...
	6.2.7 The key observation drawn from FES 2022, is that in all lower-carbon futures, the electricity sector will not operate in isolation from other energy sectors. Rapid decarbonisation is required across all areas of demand – including residential, t...
	6.2.8 FES 2022 reiterates that electricity demand will need to increase if Net Zero is to be achieved, but crucially by more than previously has been considered. Consequentially low-carbon electricity supply will need to increase further to meet both ...
	6.2.9 2035 is a critical timeframe for electricity supply to achieve Net Zero, providing a low-carbon source of power for the substitution of hydrocarbon fuels in other sectors.
	6.2.10 Figure 6.1 shows a superposition of UK electricity demand forecasts from FES 2012 to 2021, each forecast represented as a shaded area ranging from the lowest forecast demand scenario to the highest scenario in each year. Historical demand is sh...
	Figure 6.1: Evolution of UK electricity demand forecasts 2012 - 2022
	[116, and previous publications, 2012 - 2021]
	6.2.11 Figure 6.2 illustrates two of NGESO's 2022 Future Energy Scenarios [116]. One of these meets the 2050 emissions objective (System Transformation); two other scenarios (not shown) also meet the objective), and the other charted scenario (Falling...
	6.2.12 An important development in FES documents since 2019, and as a direct result of the increasing urgency of the requirement to meet Net Zero, is the prominence of a hydrogen economy in those scenarios which meet the 2050 requirement, although hyd...
	6.2.13 The relevance of the hydrogen economy, and the potential for hydrogen to play an increasingly important role in the energy ecosystem of the future, is therefore two-fold for the development of The Scheme because the increasing use of hydrogen a...
	6.2.14 For more information see Section 11.4.
	Figure 6.2: NGESO scenarios, showing the importance of a whole-society approach to decarbonisation and low carbon electricity generation
	[116, Figures NZ.09]
	6.2.15 The most recent FES [116] brings together future operation of existing generators, and future trends in the demand for energy, to conclude that:
	 Net emissions from the power sector likely must be negative from the early 2030s to achieve Net Zero;
	 Hydrogen and carbon capture and storage are likely to be required to achieve Net Zero, with more than 30TWh of electricity demand required by 2040, and in excess of 112TWh by 2050, for hydrogen production [116, Table WS1]. This is likely significant...
	 Solar generation is, based on current economics, likely to be one of the cheapest source(s) of electricity in both the 2020s and 2050 energy mix. A diverse mix of low-carbon generation will be required to meet national decarbonisation targets.
	6.2.16 In March 2020 the Energy Systems Catapult (ESC) published the Innovating to Net Zero report which summarised the results of an update to their national Energy System Modelling Environment (ESME) [18]. The aim of the analysis was to consider pot...
	6.3.1 In the 1990s and early 2000s, GB electricity demand has grown only slowly, but since 2005 has fallen. This trend in underlying demand reduction reflects three drivers:
	 A decline in economic growth rate (particularly with the recession of 2009);
	 A reduction in the level of electricity intensity as the economy has shifted to less energy-intensive activities; and
	 The introduction of energy efficiency measures, especially more efficient lighting within the last seven years, but also technology development more generally.
	6.3.2 Today’s view of future GB electricity demand remains uncertain, partly as a result of the COVID-19 pandemic and ongoing economic challenges, but in the future electricity demand is forecast to grow, for the same reasons as those stated in the 20...
	 The switching of sources of final-use power for heating and transport from carbon-intensive sources to electricity, the generation of which can be decarbonised using technologies already available today, will put upward pressure on demand, however o...
	 The least-cost energy efficiency measures, such as introduction of low-voltage LEDs for lighting, have now been implemented across business and domestic sectors; and
	 Economic restructuring in GB away from manufacturing to a service-based economy has largely occurred, however the growth of new high-technology and highly skilled manufacturing, both contributing to national economic growth and prosperity, is likely...
	6.3.3 These observations are consistent with those made by NGESO in their 2020 – 2022 FES publications. Of the four scenarios in these documents, only one (previously named “Steady Progression”) does not meet Net Zero and is now named “Falling Short.”
	6.3.4 There are many expert projections of GB electricity demand in 2050, and the majority of forecasts are for it to increase (from today’s level of circa 300TWh). The amount by which they increase varies according to the level of decarbonisation of ...
	 The National Policy Statements foresaw a doubling of current demand [5, Para 2.2.22], i.e. to circa 600TWh;
	 NGESO present a range from 565 – 716TWh [116, Table ED1];
	 The National Infrastructure Commission forecasts 465 – 595TWh [42, p35];
	 The Energy Systems Catapult forecasts 525 – 700TWh [18, pp23 & 27];
	 The Q4 2020 EY Power Price Outlook for GB forecasts 485TWh [EY Consulting forecast];
	 The CCC’s sixth carbon budget presents a range from 550 – 680TWh [4, Table 3.4.a];
	 The BEIS impact assessment for Carbon Budget 6 (CB6) presents a range from 610 – 900 TWh [57, p29]; and
	 The 2020 Energy White Paper presents a range from 575 – 665TWh [9, p42].
	6.3.5 The ESC underpins its scenarios with the premise that "Net Zero requires switching to low carbon technologies wherever we can" including hard-to-treat activities as well as carbon sequestration. Critically the ESC conclude that Net Zero requires...
	6.3.6 In the ESC scenarios, population growth and societal habits drive underlying demand growth, with either centralised or society-led decarbonisation supporting their demand forecasts. Industrial demand overall is forecast to decrease by between 20...
	6.3.7 Further similarities between the ESC report and the FES are that a hydrogen economy must be created to decarbonise hitherto "hard to reach" end uses; the production of hydrogen through electrolysis will increase electricity demand; and the trans...
	6.3.8 However it remains prudent to plan on a conservative basis to ensure that there is sufficient supply of electricity to meet demand across a wide range of future scenarios, including where the use of hydrogen is limited.
	6.4.1 Surface transport is currently the largest source of UK greenhouse gas emissions (surface transport accounted for 22.6% of 2020 emissions, [115,Executive Summary Data Tables). Emissions rebounded by 10% in 2021 as lockdown restrictions were lift...
	6.4.2 Growth in the use of electric vehicles (EVs) is expected to create significant new demands on the supply of electricity. The UK government has proposed a ban on the sale of all new petrol and diesel vehicles to be effective from 2030 [56], bring...
	6.4.3 The UK has put leadership of transport revolution at the heart of its Industrial and Clean Growth strategies, with investment being directed into electric vehicle manufacturing, battery manufacturing and grid recharging points. In late June 2020...
	 Make funding available in 2020 to attract investment in "gigafactories", which mass produce batteries and other electric vehicle components, enabling the UK to lead on the next generation of automotive technologies;
	 Make £10m of funding immediately available for the first wave of innovative R&D projects to scale up manufacturing of the latest technology in batteries, motors, electronics, and fuel cells, and nearly £500m for battery manufacture in the UK; and
	 Provide additional funding to allow initial site planning and preparation to progress for manufacturing plants and industry clusters, with sites under consideration across the UK, forming part of the government commitment to spend up to £1bn to attr...
	6.4.4 These commitments came on top of the over £1bn provided at the Spring Budget 2020 to support the rollout of ultra-low emission vehicles in the UK via support for a super-fast charging network for electric vehicles, and extension of the Plug-In G...
	6.4.5 The government regards EVs as a critical new technology, vital in the fight against climate change. The commitments listed above are evidence that there is strong political support for the rapid development and rollout of EVs, and with that will...
	6.4.6 The Society of Motor Manufacturers and Traders reported a 49% increase in Battery Electric Vehicle (BEV) registrations in the UK in the year-to-date (end August-22) versus the same period last year, and over 14% of all new vehicle purchases in t...
	6.4.7 Government is facilitating the adoption of electricity into transport through its Electric Vehicle Infrastructure Strategy (March 22) [64] which sets out the expectation, by 2030, of there being around 300,000 public chargepoints as a minimum in...
	6.4.8 Hydrogen is well placed to help decarbonise hard-to-reach sub-sectors of transport (particularly larger, long-haul, road freight vehicles) and is making tangible steps towards mainstream use in this and other transport sub-sectors. In September ...
	6.4.9 To support efforts in the decarbonisation of heavy-duty transport, government have pledged to invest £20 million in 2021 in freight trials to pioneer hydrogen and other zero emission truck technologies; and £120 million in 2021/22 to start the d...
	6.4.10 The ESC scenarios also foresee the decarbonisation of transport as a major influence on future electricity needs, anticipating approximately 35 to 40 million battery EVs on the roads by 2050 and only small numbers of Plug-in hybrid electric veh...
	6.5.1 Reducing dependency on natural gas and thereby reducing carbon footprint further, requires gas to be substituted from home and industrial / commercial heating, cooking and water heating.
	6.5.2 The long-term need to diversify to low-or zero-carbon home and industrial / commercial heating, cooking and hot water will increase demands for electricity on the NETS. Gas will be either directly substituted through electrification, or indirect...
	6.5.3 Coupled with governmental plans for new homes in England, Wales and Scotland, electrification of home and space heating will increase GB's demand for electricity. For every household that is supplied with electricity, an average additional burde...
	6.5.4 The then Prime Minister announced in November 2020 his intention to bring forwards, to 2025, the date by which new homes will need to be warmed without using gas heating [24]. Even if GB is currently able to meet its current electricity needs an...
	6.5.5 The ESC anticipates a hybrid approach to home and space heating, with electric heat pumps being installed in thermally efficient homes, and hydrogen or electricity providing heating for peak periods and/or cold spells. These measures are also in...
	6.5.6 Whilst District Heat systems are anticipated to capture process heat from thermal power plants, in the context set out in this report, critically these heat producing assets will need to be low carbon themselves, linking back to an increase in e...
	6.6.1 The future daily profile of electricity demand is less easy to forecast, but estimated peak demand remains a key determinant of required installed generation capacity.
	6.6.2 Figure 6.3 illustrates the potential peak demand for GB power (using NGESO’s Average Cold Spell methodology) to 2050. In the four scenarios, peak demand is anticipated to range between 62.7GW and 68.4GW by 2030 (for comparison, 2021: 58.8GW); be...
	Figure 6.3: Future net peak electricity demand
	[116, Figure FL.04]
	6.6.3 EVs and hydrogen vehicles require the deployment of additional electricity generation capacity and may also act as integration measures for renewable and baseload generation, capable of shifting load from when demand is high, to periods where su...
	Vehicle-to-grid sounds good but I think actually has a much lower utility than people think ... Very few people would actually use vehicle-to-grid capabilities ... in part because cars are not plugged in constantly. [58].
	6.6.4 Ofgem announced a new Strategic Innovation Fund in August 2021. The £450M fund is being deployed over five years as part of the regulated price controls for the electricity system operator, and for the network companies which operate GB’s energy...

	7 Implications for future electricity supply needs
	7.1.1 To enable the Net Zero transition, the power generation sector must both increase in capacity and reduce in carbon intensity on an unprecedented scale.
	[Meeting a possible doubling of electricity demand by 2050] would require a four-fold increase in clean electricity generation with the decarbonisation of electricity increasingly underpinning the delivery of our Net Zero target. [9, 42]
	We are not targeting a particular generation mix for 2050 ... The electricity market should determine the best solutions for very low emissions and reliable supply, at a low cost to consumers. [9, 42]
	New low carbon capacity is needed over the next decade and renewables can deliver this. As the [National Infrastructure] Commission argued in the first Assessment, due to current plant retirements, in the 2020s there will be a gap in electricity gener...
	7.2.1 Each FES scenario developed by NGESO describes a possible way that the energy system may develop, based on a forecast of demand and the impact of government policy on generation mix. The scenarios do not indicate forecasts of confirmed and conse...
	7.2.2 In the context of Net Zero, the FES are a useful suite of documents to indicate whether particular future pathways for electricity generation will be successful against a national policy perspective. Trends in the data help identify which pathwa...
	It is for industry to propose new energy infrastructure projects within the strategic framework set by government. [5, Para 3.1.2].
	7.2.3 Further, once projects are identified and enter a development phase, their inclusion within the planning system does not also indicate a commitment by or obligation on the Applicant to deliver that project at all, or if it does, at a particular ...
	7.2.4 Analysis of the CfD Register [73] shows that 34 projects with CfDs have either registered a reduction to the capacity of the CfD Unit or have had their CfD terminated. They are:
	 Offshore wind: 10 projects, 99MW reduction (1% of total technology initial anticipated installed capacity under CfD);
	 Onshore wind: 12 projects; 69MW (9%);
	 Biomass / Waste / CHP projects: 4 projects, 150MW (10%, of which 3 projects (135MW) were terminated);
	 Solar PV: 3 projects, 16MW (41%, 1 project (12MW) terminated);
	 Advanced conversion technology: 7 projects, 96MW (63%, all terminated).
	7.2.5 Each year, based on an objective economic assessment of current and future costs and/or market drivers, FES scenarios have described consistently high capacities of solar generation connecting in the future to the national electricity transmissi...
	7.2.6 The 2022 FES foresees one of four scenarios (“Falling Short” and characterised as a scenario of steady progression rather than rapid low-carbon generation deployment) missing the legally binding national decarbonisation targets in 2050. This is ...
	7.2.7 From their analysis, NGESO conclude that installed electrical generation capacity in GB needs to increase from today’s 107GW to between 156 and 209GW to meet anticipated demand in 2030, this being a 55 to 109GW increase on existing generation ca...
	7.2.8 The most striking insight from the 2022 FES is that by 2030, over 70% of installed generation capacity must be low carbon generation in order to meet Net Zero targets, pointing to a significant growth in low carbon generation in the coming decad...
	7.2.9 Further, NGESO forecasts that between 310 and 365GW of generation capacity will be required to meet demand and Net Zero by 2050 (continuing the increasing trend in required capacity from previous FES editions), and 100% of operational generation...
	7.2.10 The FES scenarios which are predicted to achieve Net Zero include solar capacities in 2030 of 25 – 42GW, and in 2050 of 57 – 92GW [116, Table ES.E.01]. In every scenario, a pathway to Net Zero includes a significant future increase in solar cap...
	7.2.11 Figure 7.1 shows a superposition of UK solar capacity forecasts from FES 2012 to 2022, each forecast represented as a shaded area ranging from the lowest forecast capacity scenario to the highest scenario in each year. Historical installed capa...
	Figure 7.1: Evolution of future solar capacity forecasts in the UK, 2012 - 2022
	[116, and previous publications, 2012 – 2021 and Author Analysis]
	7.2.12 The following observations can be made from Figure 7.1:
	 Future UK solar capacity forecasts have increased year on year since 2012. Year-on-year solar cost reductions have made the technology progressively attractive (and now preferential) to other forms of electricity generation, promoting the commercial...
	 The UK's Net Zero commitment has, since 2020, coincided with a further increase in solar capacity, shown by the yellow ranges (the 2022 forecast shows the greatest installed capacity and is bordered in brown and is consistent with the forecast publi...
	 The range of installed capacity may be explained by the extent to which other low carbon technologies including onshore and offshore wind, nuclear and BECCS (Bioenergy with Carbon Capture and Storage) are deployed in the UK. Delays or shortfalls in ...
	7.2.13 NGESO are not alone in anticipating a significant increase in the capacity of low-carbon generation required to meet Net Zero. The CCC suggested that, on top of delivery of the offshore wind sector deal (which was 30GW by 2030 at the time), in ...
	7.2.14 The National Infrastructure Commission scenarios anticipate that 129 – 237GW of renewable capacity must be in operation by 2050, including 56 – 121GW of solar, 18 – 27GW of onshore wind, and 54 – 86GW of offshore wind. [42, p19].
	7.2.15 The ESC anticipates broadly similar generation capacities. 165 – 285GW of capacity will be required in 2050, including 18 – 80GW of solar [18, pp23 & 27]. The ESC is more bullish on future nuclear capacity than other analyses, anticipating 20 –...
	7.2.16 Many forms of low-carbon generation will be required to meet the UK Climate objectives. A diverse mix of generation is required to minimise integration costs for those times when variable technologies are not generating electricity, but this do...
	7.2.17 In 2021, GB sourced 42% of its electricity from renewables, of which approximately 9.4% was from solar [Author Analysis of National Grid data, 116]. In both 2019 and 2020, Denmark sourced 50% of its electricity needs from renewable generation, ...
	7.2.18 2022 saw the third edition of the FES since GB adopted Net Zero legal commitments. FES 2022 analyses three scenarios under which Net Zero emissions can be achieved by 2050, and one scenario which misses the targets. NGESO align with the Energy ...
	 While in all scenarios, GB energy demand is expected to be lower in 2050 than 2021 (by between 40 and 56%), in all scenarios GB electricity demand is expected to increase because of electrification of transport & home heating, and replacement of fos...
	 Storage and interconnection (flexibility) capacity will need to increase (from 10GW in 2021) to 19 – 33GW in 2030 and 48 – 79GW by 2050 to balance supply and demand both within the GB system and across borders [116, Table ES.E.01];
	 Due to the electrification of other sectors, peak demand (FES uses the Average Cold Spell (ACS) definition which is consistent with the treatment of demand in the electricity Capacity Mechanism) is expected to rise (from 2021’s level of 58.8GW) by 6...
	 Therefore, GB installed generation capacity will need to increase (from 107GW in 2021) to 171 – 209GW by 2030 to meet demand with 69% – 75% of that capacity being low-carbon in 2030 (vs. 55% today), and 100% low-carbon by 2050;
	 Installed generation capacity will need to grow even further (to 310 – 365GW) by 2050 to meet demand, and must be 100% low-carbon to meet Net Zero legal requirements;
	 To meet the Net Zero target, a radical transformation to our national energy ecosystem is required, meaning even more low-carbon, solar and wind generation capacity than even the most ambitious scenarios currently envisage, will be required to meet ...
	7.2.19 In summary, experts have concluded, and government has agreed, that decarbonisation in the UK needs to be significantly deeper and broader than it has previously been considered, this is evident through FES 2022 by an increase in all low-carbon...
	7.2.20 A massive move to electrification will be required fundamentally to underpin broad and deep national decarbonisation, and Net Zero requires a "system view" to be taken. This means recognising the importance of whole-system thinking in relation ...
	7.2.21 Therefore, significantly more low-carbon generation than is operational today, from diverse sources, along with energy efficiency and electricity storage is required to meet the anticipated increase in electricity demand.
	7.3.1 Energy demand management, called Demand Side Response (DSR), also could play an important role in the future of the energy balance of the UK. DSR is valuable insofar as it is compatible with end use generation technologies and system wide commer...
	7.3.2 Currently DSR capacity is estimated at 6.5GW nationally [116, Table FL.03]. FES scenarios forecast between 13 and 24GW may be operational by 2035, rising to 16 – 27GW by 2050. The significance of the scale of growth of DSR is a reflection on the...
	7.3.3 Therefore, DSR may deliver an important contribution to the delivery of UK decarbonisation before 2030, but it cannot replace nor reduce the need for new generation capacity to deliver GB’s energy objectives, further underpinning the need for lo...
	7.4.1 Because electricity can be generated from low-carbon technologies, the demand for electricity in GB will grow as electricity decarbonises other sectors. The need for significant growth in new generation assets is therefore clear, not only to mee...
	7.4.2 Historically generation assets in GB have been called "conventional": predominantly coal, oil, gas, nuclear or hydro-powered. They have been dispatchable assets, meaning that their output and operational schedules are controllable: electricity o...
	7.4.3 Capacity utilisation is usually expressed as a quotient, calculated as {Total energy generated in a year [MWh]} divided by {Maximum power output [MW] x 8760 (hours in the year [h])}. Historical system-average capacity utilisations have been high...
	7.4.4 Figure 7.2 shows NGESO’s analysis of how generation capacity may evolve between 2030 and 2050 to meet a growing electricity demand, and a decreasing carbon budget. Notably, fossil fuel capacity is anticipated to reduce from 41GW in 2021 to betwe...
	7.4.5 It is important to appreciate that of the very many possible future scenarios for future electricity demand and supply, only a subset of those will achieve Net Zero. Some scenarios may cause cost-to-consumers to increase, while others may provid...
	Increasing the amount of energy from renewable and low carbon technologies will help to make sure the UK has a secure energy supply, reduce greenhouse gas emissions to slow down climate change and stimulate investment in new jobs and businesses. [77]
	The Energy White Paper provides further clarity on the [then] Prime Minister’s [Ten Point Plan] measures and puts in place a strategy for the wider energy system that: Transforms Energy ... Supports a green recovery ... [and] creates a fair deal for c...
	7.4.6 NGESO data shows that solar generated 11.4TWh of electricity during 2019, 12TWh in 2020 and 11.2TWh in 2021, each from c.13GW of built capacity, [35, Table ES1, Author Analysis]. This makes solar generation an important renewable power generatio...
	Figure 7.2: Generation capacity by technology type and amount of renewable capacity for 2030 and 2050
	[116, Figure ES.E.01 (Adapted)]
	7.4.7 Section 5.4 describes why it is not likely that CCUS (the process to decarbonise carbon-intensive electricity generation) will play a significant role in reducing UK carbon emissions in the decade ahead, and also describes why nuclear generation...
	7.4.8 Figure 7.3 shows the cumulative carbon emissions saved by solar generation versus the case that the electricity generated by solar was instead generated by CCGT (at 394gCO2/kWh [119]). The red area shows that future additional solar generation w...
	7.4.9 The UK requires swift and continued deep decarbonisation actions in order for it to meet its 2050 climate targets. As one of the leading low-carbon generation technologies in GB, and one which is viable on an unsubsidised basis, it is critical t...
	Figure 7.3: Generating power from solar along FES projections will provide cumulative carbon emissions versus if that power was generated from higher carbon sources
	Adapted from [116, Table ES.E.10, 119 and Author Analysis]
	7.4.10 Table 5.1 shows that GB currently has 13.8GW of installed solar generation. Projects totalling a further 4.9GW have also been identified and are listed on industry pipeline databases. Figure 5.1 illustrates NGESO’s most recent modelling of poss...
	7.4.11 The inclusion of a project on a "future project pipeline" – for example, a list of projects which have applied for a DCO, or the scoping / consents / construction pipeline included in Figure 5.1 does not indicate that the project will go ahead,...
	7.4.12 It is the view of this author, that if a significant capacity of solar generation is not built out to a scale comparable with the projections provided by NGESO and others, then the UK will be highly unlikely to continue to reduce its carbon emi...
	7.5.1 Site selection is a critical step in the delivery of projects with aims of meeting the UK national need for sufficient low-carbon, low-cost energy supplies to support legal decarbonisation targets and national energy security requirements. This ...
	7.5.2 Suitable sites will be:
	 Capable of delivering to the required scale (in relation to the need for the scheme);
	 Technically and environmentally feasible within the stated timeframes; and
	 Commercially attractive to investors.
	7.5.3 Site selection utilises a screening approach which considers possible alternative sites, taking into account the three requirements listed above. In addition, the screening approach recognises the required urgency of low-carbon development in th...
	7.5.4 Local factors (the anticipated output of the site is strongly related to the site’s layout and location) are also important in the site selection process.
	7.5.5 Solar developments require three fundamental attributes and these therefore drive the initial screening process.  These attributes (which are consistent with Section 2.48 of Draft Revised NPS EN-3 [2]) are:
	 The existence and availability of sufficient land to deliver to the project to the target scale;
	 The availability of a suitably placed point of connection to the National Electricity Transmission System (NETS) and/or local Distribution Network; and
	 Solar irradiation levels which support the potential for the development to produce an energy yield which is both useful and economic.
	7.5.6 Other attributes will also apply later into the screening process. However a site which does not possess all three fundamental attributes is less likely to be a suitable location for large-scale solar generation than a site which does possess th...
	7.5.7 The UK’s approach to the energy sector provides that “It is for industry to propose new energy infrastructure projects within the strategic framework set by government” [National Policy Statement EN-1, Para 3.1.2]. It is important therefore to a...
	7.5.8 The site selection process also considers the topography of land; planning and environmental constraints (including biodiversity, landscape and visual amenity, cultural heritage, flood risk, Agricultural Land Classification, land use and other f...
	7.5.9 Many non-fundamental characteristics will not be a simple pass/fail for taking forward a site for development, but sites which are environmentally, technically, operationally and commercially suitable will likely score favourably on a majority o...
	7.5.10 For example, the number of landowners involved in a scheme, and their willingness to participate, may affect the attractiveness and feasibility of a particular proposal.
	7.5.11 For example, adjoining land parcels may be both suitable and available for development, resulting in an increased density of solar deployment and an environmental footprint over a more focussed area of the countryside. Other proposals may consi...
	7.5.12 Further, the connection of separate parcels of suitable land together into a single scheme may, subject to analysis, enable those parcels of land to connect economically to the electricity system, whereas if developed as standalone schemes they...
	7.5.13 In order to meet the urgent need for large capacities of solar generation in the UK’s fight against climate change, ways of bringing forward all suitable parcels of land to the point of connection are likely in time to be considered and investi...
	7.5.14 The site selection process seeks to identify locations which meet or come close to meeting the majority of the following criteria (subject to detailed and local review):
	 Delivers similar levels of generation infrastructure capacity in similar timescales as described in the project aims;
	 Has a reasonable prospect of being commercially and technically viable;
	 Is not located within internationally and nationally designated biodiversity sites and avoids direct impact on locally designated biodiversity sites;
	 Avoids the use of large areas of best and most versatile (BMV) agricultural land;
	 Is not located within or close to National Parks and Areas of Outstanding Natural Beauty or designated areas of local landscape value;
	 Is not located within designated green belt;
	 Is of a size and has topography which meets the requirements of The Scheme to generate significant amounts of electricity (including irradiation) and store it;
	 Prioritises suitable and available previously developed land, if such land is available and can practically be included as part of The Scheme;
	 Avoids direct substantial harm on designated heritage assets;
	 Is predominantly within Environment Agency Flood Zone 1 and is therefore at a low risk of flooding;
	 Has good transport access for construction, being adjacent, or with close connection, to the strategic road network;
	 Is not likely to be constrained by features which would result in shading;
	 The grid connection route is unlikely to encounter constraints; and
	 Has limited land use conflicts with respect to local development plan allocations and displacement of existing businesses.
	7.5.15 Large-scale solar schemes, precisely because of their scale and the area of land required for their development, are therefore more likely to be sited in more rural areas of the country.
	7.5.16 In order to enhance the energy delivered from the installed capacity, schemes are also more likely to be sited in areas of higher solar irradiation levels.
	7.5.17 The number of locations in the UK which are ideal in respect of all three of the requirements of land availability and suitability; higher irradiation and grid connection availability, is low. For example, high population density and high-quali...
	7.5.18 In order to beneficially and efficiently transmit the energy generated by the scheme to consumers, large-scale solar schemes are expected to connect to the National Electricity Transmission System (NETS) – an existing national infrastructure as...
	7.5.19 Draft National Policy Statement EN-3 (2021) states that:
	The connection of the proposed solar farm into the relevant electricity network will be an important consideration for applicants of solar [2, Para 2.48.10];
	Larger developments may seek connection to the transmission network if there is available network capacity and/or supportive infrastructure [2, Para 2.48.11]; and
	The applicant may choose a site based on nearby available grid export capacity. Locating solar farms at places with grid connection capacity enables the applicant to maximise existing grid infrastructure, minimise disruption to local community infrast...
	7.5.20 In order to enhance the overall benefit of the scheme, in terms of cost, environmental impact and timeframes for connection, schemes may elect to make use of points of connection to the NETS which already exist and have available capacity insof...
	[© The World Bank: Global Solar Atlas 2.0, Solar resource data: Solargis]
	7.6.1 Large-scale solar farms are more likely to be sited in more rural, rather than more developed, areas - simply because of where land that meets the basis screening criteria is more likely to be available. National Grid's FES (2022) [116] anticipa...
	7.6.2 Anticipated solar generation land requirements would also represent between 34.3% and 61.3% of land used by industrial or commercial units.
	7.6.3 The suitability of the location (in terms of irradiation, grid connection and aspect) has not been taken into account in deriving these proportions, it is therefore likely that the land area currently used by industrial or commercial units on wh...
	7.6.4 Solar technology can also produce more energy per hectare than other electricity generation technologies, for example growing crops for energy. According to a Guardian article [80], 450Ha of crop is required to provide fuel for a 1MW biogas plan...
	Table 7.1: Annual electricity generation per hectare for different generation technologies
	[Author Analysis]
	7.6.5 Hitherto, this report has built up the evidence base for the need for large-scale solar generation schemes in the UK. Section 7.2 includes projections of the capacities of new solar generation needed in order to meet Net Zero from NGESO, NIC and...
	7.6.6 Once the evidence base, and the need for solar, has been accepted, suitable locations must be found for solar development. In order to meet the significant capacity growth projections, it will be necessary to develop all sites which have been id...
	7.6.7 The suitability of the proposed connection at Cottam 400kV substation, in relation to the services which would be provided by The Scheme and the benefits of exporting generation from The Scheme onto the grid network through that substation, is d...
	7.6.8 Draft NPS EN-3 [2] includes an anticipated range of 2 to 4 acres for each MW of output generally required for a solar farm along with its associated infrastructure. The Scheme as proposed delivers a large-scale solar generation asset which is co...
	7.7.1 By selecting sites with the right blend of characteristics, developers will bring to commercial operation, solar projects which deliver decarbonisation, security of supply and affordability benefits. A further consideration for developers is max...
	7.7.2 Overplanting implies that on occasion when irradiation is high and panels have not yet degraded, sites may be forced to self-curtail: they may be unable to export all of the power the generate at certain times.
	7.7.3 However schemes which are overplanted will instead generate more low-carbon power at times of lower irradiation (compared to a site which is not overplanted) and at those times output will not be limited by the grid connection capacity. This is ...
	7.7.4 The royal blue line shows normalised output (against the dark blue connection capacity line) of a representative solar scheme on an average irradiation day (left hand chart) and a high irradiation day (right hand chart).
	7.7.5 The grey line on each chart shows the output of a solar scheme which is identical to the representative scheme, except that it has been overplanted to a ratio of 1.3 (without changing the grid capacity). More energy is exported on an average day...
	7.7.6 Critically, as solar panels age and degrade, losses due to curtailment will reduce peak output during times of high solar irradiation, and the light blue lines show that future years overplanted schemes will export more energy and will not incur...
	7.7.7 Schemes which are overplanted therefore generate more low-carbon electricity than schemes which are not; and increase utilisation of the available grid connection capacity through the scheme’s operational life – a key driver of the scheme’s cost...
	7.7.8 Degradation of solar panels occurs roughly linearly, so all solar panels will degrade at approximately the same rate. This means that, other than instances of failure of individual panels (which would likely be replaced under a warranted mainten...
	7.7.9 Not only does overplanting (or the level to which overplanting is proposed) have commercial drivers which may differ from scheme to scheme and developer to developer, but the opportunity to overplant is driven by scheme-specific characteristics,...
	7.7.10 It is therefore expected that solar schemes will overplant where possible while balancing commercial, geographical and environmental considerations.
	Figure 7.5: Illustrating lost energy during periods of high irradiation but greater low-carbon energy at all other times on overplanted solar schemes vs. 1:1 schemes
	[Author Analysis]
	7.7.11 The Scheme contemplates overplanting on the land parcels identified for development within connectable proximity to the Point of Connection, which allows The Scheme to maximise its utilisation of the existing grid connection capacity at Nationa...
	7.7.12 The Scheme, which scores highly against the above site selection criteria, and seeks to make best use of the grid connection capacity which has been made available to it, presents as a highly viable scheme and therefore would help to ensure tha...

	8 Decarbonisation can maintain or enhance security of supply
	8.1.1 Decarbonisation is just one of the three pillars of GB energy policy. Low carbon generation of all forms, solar, wind and nuclear included, brings with it new challenges. Current and future energy policy and related actions must also ensure that...
	The government needs to ensure sufficient electricity generating capacity is available to meet maximum peak demand, with a safety margin or spare capacity to accommodate unexpectedly high demand and to mitigate risks such as unexpected plant closures ...
	The larger the difference between available capacity and demand ... the more resilient the system will be in dealing with unexpected events, and consequently the lower the risk of a supply interruption. [5, Para 3.3.3].
	A diverse mix of all types of power generation. . . helps to ensure security of supply. [5, Para 3.3.4].
	A low-cost, Net Zero consistent system is likely to be composed predominantly of wind and solar. [9, p43].
	8.1.2 "Security of supply" means keeping the lights on and has two main components.
	 Ensuring that there is enough electricity generation capacity available and operational to meet demand (adequacy); and
	 Ensuring that the quality of electricity supplied to customers falls within a narrow "quality" band during all reasonably foreseeable operational circumstances and is resilient during rare excursions from this band.
	8.1.3 This definition of adequacy includes not only the capacity of generation assets but also the availability of source fuel to those assets in order for them to generate electricity.
	8.1.4 This chapter includes a brief introduction to power systems and aspects of their operation, including fuel supply. The challenges associated with integrating renewable generators into existing systems are characterised, and key points on the con...
	 The Scheme will provide a significant capacity of low-carbon generation to national system adequacy targets;
	 The Scheme will make a significant contribution to reducing the UK's dependency on foreign hydrocarbons as a source fuel;
	 The diversification of GB’s electricity supplies through the commissioning of both solar and wind assets to the NETS, alongside other low-carbon technologies, provides benefits in the functioning of the NETS and ensuring power is available to consum...
	 Technical advances in the field of power electronics and other measures are significantly increasing the utility of power generation assets in the provision of services and protections which support grid operation [82];
	 A program of grid investment and operational development by NGESO, regulated by Ofgem, is aiming for safe and secure operation of the NETS at zero-carbon by 2025 [67, p1] and for full decarbonisation of the electricity system by 2035 [83]; and
	 By including the possibility of Electricity Storage assets within the planned development, the Applicant will be able to bring forward and install battery energy storage systems to aid the integration of high levels of renewable power generation int...
	8.1.5 To provide appropriate context and understanding, Section 8.2 sets out in brief an introduction to a number of high-level concepts of power system operation and Section 8.9 describes the UK's current direct and indirect dependency on hydrocarbon...
	8.2.1 Power systems connect supply (sources of power, largely generators) to assets which demand power (industrial, commercial or domestic customers). Power systems are complex; yet they must be designed and operated safely, securely, and economically.
	8.2.2 Governments define policy to ensure that there is sufficient generating capacity (i.e. the maximum achievable level of power generation which may be connected to the NETS) available to meet maximum expected demand, with secure and economic suppl...
	8.2.3 Key power quality characteristics (including frequency, voltage, and power shape) must be controlled in order to maintain the synchronicity of all assets. NGESO define this topic area as system operability, specifically: "the ability to maintain...
	8.2.4 Protecting the synchronicity of a system when an asset operates outside of normal expected parameters is also important, and individual transmission-connected generators, such as this Scheme, must maintain their own synchronicity with the system...
	8.2.5 NGESO also ensure that power demand, or load, and power supply, always remain balanced. Balancing requires the right generating assets to be connected and disconnected to/from the right power levels, and at the right time. This can sometimes be ...
	8.2.6 The voltage level on the system is dependent on the type and quantity of generator and demand load connected to the system at the time. Over volts occur when power demand is low, and load is too light. Voltage collapse occurs when load (particul...
	8.2.7 System frequency must also be maintained: the NETS operates at a nominal 50Hz. Unless generation is scheduled to match demand, when system load increases, system frequency dips; and when system load is lightened, frequency increases. Because dem...
	8.2.8 If a sudden and unexpected disconnection of either demand or generation occurs, frequency may change rapidly. System inertia, a measure of the kinetic energy stored in rotating machines which are directly connected to the NETS, helps protect the...
	8.2.9 This chapter explains how solar power generally, and The Scheme’s proposed ground mounted solar PV panel arrays and battery energy storage system specifically, are ideally suited to support NGESO’s needs in maintaining a safe, secure and economi...
	8.3.1 The integration of RES and their likely effect on electricity transmission systems, is not a new topic. In a 1991 paper [85], M.J. Grubb foresaw that capacities of renewable generation will not be limited; and therefore that "proper management" ...
	8.3.2 In foreseeing a need for maintaining the quality of electricity supplies, Grubb identified important considerations for system operation, including rate of change of frequency; system operational control and fault containment; and reserve operat...
	8.3.3 The NIC agree, stating that it is "Important that generators are responsible for costs and benefits they impose on the system, such as those related to where they situate" [36, p40]. If they are not, others may do it for them (and potentially at...
	8.3.4 The activities associated with integrating renewables into the GB electricity system will increase with their penetration [87, p2]. Energy balance must be managed at all times; and as renewable capacity increases, more services will be required ...
	8.3.5 Importantly however, the dynamic behaviour characteristics for a high-RES system are well understood. NGESO’s System Operability Framework (SOF) [88, 89] describes these in specific relation to the GB electricity system.
	8.3.6 Further, technological advance, in particular in the introduction of power electronics into generating assets, is increasing the ancillary services and system stability services available from users of the electricity system, for example, by imp...
	8.3.7 System stability services have been provided by fast response batteries as far back as NGESO’s Enhanced Frequency Response service, tendered for in 2016 and recently rebranded as part of NGESO’s new frequency response product suite. More recent ...
	8.3.8 The installation of power electronics at low-carbon generation assets is an exciting development which will enable them to provide important system stability services [82] as part of their normal daily operational routine. By reprogramming the d...
	8.4.1 The electricity system in GB operates at two levels: the high-voltage NETS, and the lower-voltage Distribution Networks. The NETS mainly consists of 400kV, 275kV and 132kV assets connecting separately owned generators, interconnectors, large dem...
	8.4.2 Grid connection is an important aspect of generation project viability and development timescales. The selection and utilisation of efficient grid connections in beneficial locations allows projects to come forwards at lower cost of generation a...
	8.4.3 Applications for connection to the NETS are assessed through the first-come-first-served Connect and Manage process.
	8.4.4 Connect and Manage offers are given to those customers who request a connection date ahead of when any identified wider transmission reinforcement works can be completed. The connection agreements contain the requirement for derogation against t...
	8.4.5 Wider transmission reinforcement works may be required to ensure that, once connected, electricity can flow from generators to where it is needed without constraint or hindrance. Generation connections close to demand centres (e.g. large cities ...
	8.4.6 The Network Options Assessment (NOA) 2021/22 [121] included recommendations for investment of £215m in 2021/22 across 94 asset-based projects to maintain the option to deliver projects costing £21.7bn – a significant increase in the previous NOA...
	8.4.7 However, not all existing locations are necessarily efficient. Connecting new assets to parts of the NETS which are already overloaded, or to parts where the new asset may contribute to existing new seasonal flows of power or network instabiliti...
	8.4.8 The Scheme proposes to connect to an existing National Grid substation (Cottam 400kV) which is located on one of the major connections between Keadby in the north and three major 400kV transmission lines which provide connections to demand centr...
	8.4.9 Figure 9.1 shows a schematic of the local NETS. By proposing this Point of Connection, The Scheme is making use of an existing connection point and existing transmission infrastructure in a way which does not present the risk of overload or cong...
	8.5.1 Generation assets can be centralised (connecting to the NETS) or decentralised (connecting to the distribution networks). Decentralisation of generation is expected to continue in all FES 2021 scenarios, driven by the growth in smaller scale ren...
	8.5.2 Currently 31% of all generation capacity is connected to the distribution networks, and FES scenarios project that by 2050, the proportion may develop to between 25% and 39% [116, Table ES1]. The proportion of generation capacity in 2050 connect...
	8.5.3 Distribution networks operate at a lower voltage than the transmission networks, and are located closer to points of final demand, so generators which connect to these systems must have smaller capacities than those which connect to the NETS. As...
	8.5.4 However distributed generation capacities grow, the replacement and growth of transmission connected assets is also foreseen. Although distributed generation will contribute to meeting carbon emissions targets, increasing energy security and wil...
	8.5.5 The recent implicit market preference for decentralised generation connections should be understood in the context of GB’s national electricity system, with 74GW of generation currently connected to the transmission network and 34GW to the distr...
	8.5.6 FES 2022 scenarios [116] show that capacity connected to the distribution networks is likely to grow at similar or higher levels than capacity connected to the transmission network. In 2050, between 2.7 and 4.3 times 2021’s distributed generatio...
	8.5.7 Distribution networks were originally designed predominantly to transport power to consumers. They were not designed to connect significant capacities of electricity generation. By virtue of their role in transferring power from the bulk NETS to...
	Government does not believe that decentralised and community energy systems are likely to lead to significant replacement of large-scale infrastructure. Interconnection of large-scale, centralised electricity generating facilities via a high voltage t...
	8.5.8 NGESO has also made many public statements on their support for the connection of electricity generation technologies which provide a diverse energy mix to ensure that they can continue to manage supply and demand, for example [67, 93].
	8.5.9 In reviewing the information available, it is the Applicant’s view that large-scale solar must be considered as additional to, as opposed to instead of, the need for continued development in distribution connected, smaller scale solar, and this ...
	8.5.10 In conclusion, the need for distribution connected generation, including smaller scale and micro-scale solar, is in addition to, not the place of, the need for additional transmission connected generation. The development of distribution connec...
	8.6.1 As described in Section 8.6, large generating assets are connected to transmission systems and many smaller generators are linked either to customer connections or distribution networks. Some of the most relevant differences between transmission...
	Table 8.1: Characteristics of transmission- and distribution-connected generators
	[Author analysis]
	[Author analysis]
	8.6.2 Distribution-connected generators also contribute to meeting national demand, but because of the way they are connected, they effectively self-dispatch when they are available and offset national demand, thereby reducing the transmission demand ...
	 Transmission connected assets provide visibility of their expected generation to the national energy market and NGESO as part of their licence to operate. This increases transparency in the market and allows sensible economic decisions to be made by...
	 Transmission connected assets are required to be available for instruction by NGESO. They are required to participate in the Balancing Mechanism (BM) making their flexibility available (at a transparent and cost-reflective price) to ensure that supp...
	 While transmission systems have historically been designed to allow for the connection of large generating assets, distribution systems have not. Connecting generation assets of any meaningful size to distribution systems is becoming more difficult ...
	 The mandatory requirements for a generator to connect to the NETS include minimum requirements for fault protection as well as system ancillary services (e.g. Obligatory Reactive Power Services). Distribution connected assets currently have differen...
	8.6.3 Decentralisation is not in itself a strategy or a requirement of the energy system but is a trend which will go some way to delivering a flexible, low-carbon and affordable energy system.
	8.6.4 By connecting more assets at the distribution level, less power flows on the transmission system, and the unit cost of running the GB NETS increases and more investment is required to reinforce distribution systems so that they can accommodate m...
	8.6.5 Electricity consumers, either directly or indirectly, through their energy bills, pick up costs related to both transmission and distribution systems, including market inefficiencies, economic decision making, asset investments, balancing action...
	8.6.6 The NETS remains an important measure to maintain interregional connectedness, support the meeting of national demand from geographically disparate sources [14, p182] and keep power flowing to consumers with the high levels of reliability consum...
	8.6.7 The interaction of embedded generation with the balancing of the transmission network is complex, which is one reason why it is important to maintain diversity of generation assets across technology choice, scale and connection voltage.
	8.6.8 By connecting to the NETS at the proposed Point of Connection, The Scheme brings benefits to the NETS by:
	 Replacing transmission-connected assets which are closing;
	 Increasing power flows on the NETS, thus lowering unit operating costs for all users;
	 Making use of available transmission capacity (therefore not increasing system management or system operating cost); and
	 Transparently conforming to Grid Code operability requirements.
	8.7.1 The uncontrollable nature of the weather raises a potential challenge to the ability of solar generation to play a significant role in electricity supply relates to the uncontrollable nature of the weather. However the variability of solar gener...
	 Developing larger generation capacities (to maximise output during periods of low irradiation);
	 Connecting assets to different parts of the NETS;
	 Developing projects with generation profiles which are complementary to solar (for example wind: see Section 8.8); or
	 Developing integration technologies (for example, battery storage or participation in the hydrogen economy).
	8.7.2 There are several other technologies which can also be used to compensate for the intermittency of renewable generation, such as electricity storage, interconnection and demand side response [5, Para 3.3.12].
	8.7.3 Ueckerdt et al [94, p2] describe important considerations for the introduction of RES to power systems. These are described in Table 8.2.
	8.7.4 Uncertainty may manifest in that the level of the demand or supply of power may be higher, or lower, than was expected. Yet it is a fundamental property of all electricity systems that demand and supply must be balanced at delivery. Improvements...
	8.7.5 An example of local specificity is that south east England has better potential for plentiful solar generation than the south west, because of its higher irradiance levels. The south west may be better suited to onshore wind generation because t...
	8.7.6 The Scheme is an important part of the growing solar generation portfolio, whose dependable output is growing (see Section 8.8). As shown in Figure 7.4, The Scheme is proposed to be located in one of the higher solar irradiation areas of the UK....
	Table 8.2: Complexities associated with renewable energy source variability in power systems
	[94, p2]
	8.8.1 System adequacy is primarily managed through the GB Capacity Market. In return for capacity payments, eligible assets agree to generate at or over a minimum commitment (their "derated capacity") whenever NGESO (subject to a prescribed process) d...
	8.8.2 While the Capacity Market is not open to assets which already hold CfD contracts, the inclusion of renewable generation technologies in the Capacity Market underlines the contribution it can make to system security:
	The system is typically better off with intermittent capacity than without it – wind farms, for example, can contribute to overall security of supply. [96, p114].
	8.8.3 It should be noted that renewable assets also already participate in capacity mechanisms in other highly volatile electricity markets, such as Ireland’s Single Electricity Market, and parts of the US.
	8.8.4 By measuring the capacity utilisation of a set of generating assets over a month, it is possible to calculate the variation in delivered generation from month-to-month as a proportion of installed capacity. Stable capacity utilisation (here call...
	8.8.5 Figure 8.1 displays this metric, calculated at a monthly level using 2019 and 2020 actual market data, for GB wind generation (blue line) and solar generation (orange line). It shows the seasonality of wind load in GB: low in the summer months b...
	8.8.6 Generation Dependability is improved when diverse RES technologies are deployed alongside each other in the same electricity system: the green dashed line is always between the blue and orange lines and is flatter than the other two lines, showi...
	8.8.7 A growing portfolio of solar generation would therefore complement the existing and growing GB wind portfolio to deliver a combination of low-carbon generation with a generation dependability which is improved over that of the separate technolog...
	Figure 8.1: Illustrative Generation Dependability for a combined portfolio of solar and wind in GB
	[Author analysis]
	8.8.8 An Imperial College expert economic analysis of whole system costs of renewables agrees: they show that the integration costs of RES fall on an absolute basis, as capacity increases from 10GW up to 50GW [97].
	8.8.9 The National Infrastructure Commission also commissioned a whole system cost analysis, the results of which were published in 2020 [23]. NIC’s analysis complements that of the Imperial College team, suggesting that "that there is no material cos...
	8.8.10 An analytical model has been developed by the Author to illustrate the mutual compatibility of solar and wind generation. The model evaluates the contribution made by different types of GB generation to overall GB consumption needs throughout a...
	8.8.11 The analysis, based on 2015 to 2019 actual data so as to avoid any one-off impacts from either outlier weather or the COVID-19 pandemic, shows that power demand, solar generation and wind generation patterns change through the year, and also ta...
	8.8.12 Operational metering has been used to determine average load factors by month for each of the generation types listed. By extrapolating load factors onto scenarios of forward capacity, the graph shows that the government’s current target of 40G...
	8.8.13 However, because of the seasonality of wind generation in UK territory, 40GW of offshore wind would not be sufficient to meet summer (April to September) demand.
	8.8.14 Approximately 35GW of solar (an increase of 21GW on early 2022 levels) would neatly "fill the gap" during summer months without delivering significant over-generation in winter periods. To meet 2030 summer levels without solar generation, a fur...
	8.8.15 However, by building out either an additional 7GW of low-carbon baseload generation or 15GW of offshore wind generation to meet summer demand levels without solar, there would be significant over-generation of power in the winter periods (of be...
	8.8.16 As the technical and economic viability of inter-seasonal storage advances, more options will become available for optimising GB’s generation mix in relation to balancing capital deployment, development risk, the availability of suitable locati...
	8.8.17 Therefore, it can be concluded that although individual renewable assets are variable generators, the generation dependability of a portfolio which consists of different renewable technology classes is more stable, and the generation profiles o...
	8.8.18 One prominent integration measure, also included in The Scheme description, is the BESS. BESS, and their suitability for the proposed location of this Scheme, are described more fully in Section 11.5. However, until inter-seasonal storage is br...
	8.8.19 Solar is an essential asset class which is needed to support a high level of generation adequacy and generation dependability within the GB electricity system without incurring excessive capital spend, nor causing significant system integration...
	Figure 8.2: Deploying 35GW of large-scale solar alongside government offshore wind ambitions (40GW) meets anticipated seasonal demand levels
	[13, Market data, Author analysis]
	8.8.20 The Scheme, as a leading large-scale solar scheme in GB, represents c.2% of the additional solar generation capacity projected in National Grid’s Future Energy Scenarios which are compatible with Net-Zero. In this context, The Scheme is therefo...
	8.9.1 Energy leaders from around the world gathered in Paris for the 2022 International Energy Agency (IEA) Ministerial Meeting in late March 2022, and from that meeting sent a strong message of unity on the need to strengthen energy security, reduce ...
	8.9.2 With increasingly interconnected markets - in electricity as well as source fuels, shocks in one geography can be felt through neighbouring markets and more broadly. Oil and coal, historically international markets, drive global prices through s...
	8.9.3 In 2021, BEIS unveiled plans to decarbonise UK power system by 2035. The plans focus on building a secure, home-grown energy sector that reduces reliance on fossil fuels and exposure to volatile global wholesale energy prices [83].
	8.9.4 The first quarter of 2022 demonstrated how the UK is exposed to volatile energy prices through international energy markets in coal gas and oil. Price rises in 2022 have and will continue to filter through to consumer bills. While the UK once wa...
	8.9.5 In April 2022, HM Government published the British Energy Security Strategy [50]. In it, the then Prime Minister wrote that:
	If we’re going to get prices down and keep them there for the long term, we need a flow of energy that is affordable, clean and above all, secure. We need a power supply that’s made in Britain, for Britain. [50, p3]
	8.9.6 The British Energy Security Strategy sets out the immediate need to manage the financial implications of soaring commodity prices in the near term, on households and businesses which are already feeling economic pain as the post-Covid cost of li...
	8.9.7 However the strategy also sets out the long-term goal of “address[ing] our underlying vulnerability to international oil and gas prices by reducing our dependence on imported oil and gas”. [50, p6].
	8.9.8 In the near-term, the strategy sets out a high-level action plan to upgrade the energy efficiency of at least 700,000 homes in the UK by 2025, and to ensure that by 2050 all UK buildings will be energy efficient with low-carbon heating. Further,...
	8.9.9 The strategy also notes the improved cost competitiveness of electrically powered heat pumps which can displace natural gas from use in homes and buildings. Government is targeting 600,000 heat pump installations per year by 2028 and aims to exp...
	8.9.10 Carbon Capture Usage and Storage (CCUS) retains its important potential role in a decarbonised economy. Government aims to deliver on their £1 billion commitment to four CCUS clusters by 2030, with the first two sites selected in the North East...
	8.9.11 The British Energy Security Strategy also recognises the critical role of renewables in accelerating the transition away from fossil fuels, and notes that renewable capacity in the UK is currently set to increase by a further 15% by the end of ...
	8.9.12 The Strategy aims to:
	 Cut planning consent process time by over half through, among other measures, strengthening the Renewable National Policy Statements (EN-3) to reflect the importance of energy security and net zero;
	 Increase the pace of deployment of Offshore Wind by 25% to deliver up to 50GW by 2030, including up to 5GW of innovative floating wind. Wind will contribute over half the UK’s renewable generation capacity by 2030. [50, p16];
	 Consider all options including Onshore Wind through the improvement of national electricity network infrastructure and support of a number of new English projects with strong local backing, so prioritising “putting local communities in control" of l...
	 Support a 5-fold increase in deployment of solar technology by 2035, recognising the abundant source of solar energy in the UK and an 85% reduction in cost over the last ten years, of solar power. For ground-mounted solar, the strategy indicates a f...
	 Increase UK plans for deployment of civil nuclear to up to 24GW by 2050 – three times more than operational capacity in 2022, and representing up to 25% of our projected electricity demand. This includes the intention to take one project (Sizewell C...
	 Double the UK ambition for hydrogen production to up to 10GW by 2030, with at least half of this from electrolytic hydrogen [50, p22], facilitated by bringing forwards up to 1GW of electrolytic hydrogen into construction or operational status by 2025.
	8.9.13 Accelerating the domestic supply of clean and affordable electricity also requires accelerating the connecting network infrastructure to support it, and the British Energy Security Strategy also includes measures designed to increase the pace o...
	8.9.14 Work has already commenced in this regard with the formation of a Future System Operator (a national organisation taking over the role of Electricity System Operator, currently carried out by National Grid) and programs of action such as the an...
	8.9.15 Critically the British Energy Security Strategy includes actions which have already been described and discussed elsewhere in this Statement of Need. Bringing forward electricity into home heating (as described previously), and supporting the r...
	 The Society of Motor Manufacturers and Traders reported a 100% increase in Battery Electric Vehicle (BEV) sales in the UK in the year-to-date (end March-22) versus the same period last year, and over 16% of all new vehicle purchases in the UK in Mar...
	 Government is facilitating the adoption of electricity into transport through its Electric Vehicle Infrastructure Strategy (March 22) [64] which sets out the expectation, by 2030, of there being around 300,000 public chargepoints as a minimum in the...
	8.9.16 The rollout of a significantly higher capacity of renewable generation is therefore required to meet decarbonisation as well as energy security aims and the urgency for delivery as increased.
	8.9.17 Nuclear is poised for its second UK renaissance, but would only deliver its first megawatthours from the middle of the 2030s. Remembering that the UK’s nuclear renaissance of the 2000s resulted in the construction (currently ongoing) of just on...
	8.9.18 Although the British Energy Security Strategy aims to achieve FID at one more nuclear power station by the end of the current parliament, it is important to recognise the significant political, financial and delivery risk associated with nuclea...
	8.9.19 CCUS retains its important place within the British Energy Security Strategy, but as an enabler of eliminating carbon emissions from fossil fuel use, rather than eliminating the fossil fuel use itself, has not attracted a more prominent role re...
	8.9.20 The increase in ambition for hydrogen generation (for uses as described in Section 12.4) as set out in the British Energy Security Strategy further supports the development of greater capacities of renewable generation and with greater urgency.
	8.9.21 The path to national control of nationally generated electricity and reduction of exposure to the volatile prices associated with international supplies of fossil fuels, and the path to a low-carbon energy system of the future, which minimises ...
	8.9.22 This Statement of Need sets out the case for the urgent development of low carbon sources of electricity in the UK. The British Energy Security Strategy provides an even sharper focus on both the scale and the urgency to deliver new low carbon ...
	8.10.1 The UK has been naturally gifted with substantial renewable energy resources, including 40% of Europe’s wind resource [5, Para 3.4.3] and large areas of developable land which receive high levels of solar irradiation. These resources must be ha...
	8.10.2 Section 8.8 described an analysis of the generation dependability of solar generation within the GB renewable technology class, and the important role solar will play alongside offshore wind in meeting demand through the year without causing si...
	8.10.3 Connection to the transmission system is of significant importance, enabling an unencumbered and efficient transfer of bulk power across the country, in order to provide electricity to wherever and whenever it is needed. Section 8.6 described t...
	8.10.4 Global expertise in the operation of electricity systems with high proportions of RES is growing. Technologies which help the integration of renewable assets to the grid are being developed, are already in operation in the UK. However, solar as...
	8.10.5 Growth in solar capacity, alongside other renewable technologies, is expected to improve the dependability of those assets as a combined portfolio, and this is expected to reduce further any integration costs associated with such growth.
	8.10.6 The Scheme, if approved, would contribute to an adequate and dependable GB generation mix, through enabling the generation of more low-carbon power from indigenous and renewable resources. Therefore, the approval, construction and operation of ...

	9 Forward infrastructure plans and operability needs of the NETS near to The Scheme’s proposed point of connection
	9.1.1 This chapter describes aspects of the NETS in the vicinity of The Scheme. Annually, NGESO perform an analysis of the NETS from both an SQSS and power flow capability perspective. This analysis can be found in the Electricity Ten Year Statement (...
	9.2.1 The Scheme will connect into the NETS at Cottam 400kV Substation, an existing National Grid substation near Retford in Nottinghamshire.
	9.2.2 The substation is situated in NGESO’s North Midlands and North Wales area; an area which is connected to the surrounding NETS as illustrated in Figure 9.1. It is located just below the B8 boundary. This boundary is not hard, nor physical, but di...
	 B8 North of England to Midlands which is one of the wider boundaries that intersects the centre of GB, separating the northern generation zones including Scotland, Northern England and North Wales from the Midlands and southern demand centres.
	 B9 Midlands to South of England which separates the northern generation zones and the southern demand centres.
	 The North Wales boundary NW3 lies to the west of the North Midlands and North Wales area and is also relevant because future offshore wind and biomass generation connecting in North Wales have the potential to drive increased power flows eastward in...
	Figure 9.1: The NETS in the vicinity of the Point of Connection
	[98, Appendix A]
	9.2.3 Cottam 400kV is a main substation on an important part of the NETS, located between the demand centres of the Midlands and the south and the northern generation zones (shown in Figure 9.1), providing resilience through strength in depth to the N...
	9.2.4 The North Midlands and North Wales NETS area is an area of historically strong coal fired generation and is growing in importance because of the enduring CCGT generation located in the area, as well as high demand and power flow from current and...
	9.2.5 By connecting to the existing Cottam 400kV substation The Scheme will be playing an important role in the continued provision of bulk power within the NETS area, which is then able to be transported across the entire NETS and to wherever it is d...
	9.2.6 The 2021 ETYS [98] which addresses the proper functioning and development of the NETS, rather than local (distribution) networks, includes the following relevant points:
	 Future offshore wind and biomass generation connecting in North Wales have the potential to drive increased power flows eastward into the Midlands where power plant closures are set to occur, and demand is set to remain fairly high;
	 In a highly decentralised scenario like Leading the Way, local generation capacity connected at the distribution level in this western region could reach 23GW by 2030;
	 Across all FES scenarios, North Midlands and North Wales maintains a relative balance between its growth in gross demand and transmission connected generation capacity. North Midlands and North Wales is not and is not expected to become a heavily ex...
	 By 2030, the scenarios suggest a total amount of transmission connected generation capacity of between 17GW to 21GW, a modest increase from the current 17GW;
	 At present, this region has significant levels of fossil fuel (about 14GW) and all Future Energy Scenarios show a decline in fossil fuel.  For all Net-Zero compliant scenarios, fossil fuel generation is not present in the region by 2050;
	 A significant growth in low carbon technologies is anticipated in this region.
	9.2.7 National Grid will continue regularly to assess their development plans for the future management of flows across boundaries in the vicinity of The Scheme's proposed location, a key input to these plans will be the potential capabilities of any ...
	9.2.8 Figure 9.2 shows the future anticipated generation capacity in the North Midlands and North Wales transmission zone.  The chart shows that in those scenarios which are expected to enable the UK to meet its net Zero commitments, the amount of low...
	9.2.9 The need for network reinforcement in this region – as with all regions – are kept are under constant assessment review in the latest NGESO’s annual NOAs, most recently published in July 2022 [121], relevant points of which are discussed in the ...
	Figure 9.2: Future anticipated generation capacity by technology type in the vicinity of The Scheme for Net-Zero compliant scenarios
	[98, p35]
	9.2.10 The connection of integration technologies at the proposed Point of Connection, which is one of the characteristics of The Scheme will, if granted, provide additional options to NGESO to manage flows across the boundary in an efficient way, by ...
	9.3.1 Power flows past Cottam substation are currently circa 1-2GW, in a north-south direction. NGESO have forecast these to double in the 2030/31 timeframe, when several large offshore wind areas to the north of the country connect, moving average po...
	9.3.2 Current circuit ratings (See Table 9.1) indicate 2-3GW of transfer capacity from Cottam substation to other substations to the north and south. Through the NOA process, National Grid continue to evaluate the need for network reinforcement to add...
	9.3.3 Identified projects include a thermal circuit uprate between Keadby and West Burton in 2024, a reconductoring of the Cottam to Keadby circuit in 2025 and upgrades to other major “arteries” which transfer power from the north, through the Lincoln...
	Table 9.1: Future forecast power flow capability at Cottam
	[98, Appendix B, Data Tables]
	Voltage Management
	9.3.4 No specific issues have been identified in relation to Voltage Management at the proposed point of connection.
	9.3.5 Long double-circuit overhead lines have potential to cause local voltage management issues, especially following a fault on major arteries connected to those lines. Such a fault, although highly infrequent, could force power to travel a longer w...
	Stability issues
	9.3.6 Stability is a description of the dynamics of a power system under normal or fault disturbances. A stable system is one where faults take time to propagate and are therefore manageable by well-understood measures and within planning timescales. ...
	9.3.7 The relationship between the location of new or existing generation assets, the transmission systems around them, and overall system strength remains complex. By their presence, generation assets support short circuit levels, therefore the locat...
	9.3.8 No specific issues have been identified in relation to stability issues at the proposed point of connection for The Scheme.
	9.3.9 National Grid assess boundary planning requirements in the NETS in relation to two assessment criteria:
	 Security, which relates to the boundary transfer requirements need to satisfy demand without relying on intermittent generators or imports from interconnectors; and
	 Economy, which relates to the boundary transfer requirements when demand is met with high output from intermittent and low carbon generators and imports from interconnectors.
	9.3.10 Together these criteria ensure that boundary transfer capacity is adequate to transmit power across boundaries from source to demand to an adequate degree of reliability while ensuring that value for money is secured for the consumer from netwo...
	9.3.11 The commissioning of a large-scale solar scheme which connects to the NETS at the proposed Point of Connection would contribute towards both of the above assessment criteria and reduce the requirement for bulk transmission of power in from othe...
	9.3.12 We therefore conclude that the connection of The Scheme to the local NETS will not cause any additional specific local or regional operability concerns either now or into the future.
	9.4.1 Innovation in generation must not be allowed to challenge security of supply, but a lack of innovation in generation must not be allowed to risk achieving decarbonisation targets. Few market commentators and participants have faith in the abilit...
	R&D brings the promise of new and much more efficient renewable-generation vintages. The most exciting of these probably lie with solar. [96, p66].
	9.4.2 Moreover, whilst the promise of a single saviour technology is exciting, the fact is that no suitable standalone technology has yet emerged which will meet all of government’s emerging policies. It is therefore far more likely to be the deployme...
	9.4.3 This is in line with current government policy, in that the NPS set out a case for the need and urgency for new energy infrastructure to be consented and built with the objective of supporting the government’s policies on sustainable development...
	 Mitigating and adapting to climate change; and
	 Contributing to a secure, diverse and affordable energy supply. [6, Para 1.3.1].
	9.4.4 In light of these observations, the following conclusions are made:
	 The connection of a large-scale solar scheme connected to the NETS at the proposed Point of Connection will contribute to national system adequacy and decarbonisation targets;
	 Connecting a large-scale solar scheme at the proposed Point of Connection will also enable NGESO to increase the level of dependence they can place on expected renewable generation outturn nationally and would provide a supply of bulk low-carbon gen...
	 The services which (by virtue of its intended scale and direction connection arrangements with the NETS) are mandatory for The Scheme to provide, are likely to be beneficial to NGESO in securing the NETS in the local area;
	 The local NETS appears to have sufficient transfer capacity to be able to incorporate The Scheme without requirement for upgrades specifically to enable its connection; and
	 The ancillary services available from a large-scale solar and energy storage asset connected to the NETS may provide significant system security benefits and will support the ongoing operation of this area of the NETS.
	9.4.5 The Scheme, which consists of a large-scale solar generation asset, and includes collocated energy storage, supports UK decarbonisation; supports GB electricity supply adequacy, and provides much needed system services in support of GB electrici...
	9.4.6 Crucially though, any such asset must meet a third government policy objective: that of economic supply.

	10 Solar is economically efficient in GB
	10.1.1 This section discusses broad principles of economic efficiency, by explaining how the GB electricity market operates and demonstrating how competitive solar assets have become because of recent gains in experience, technology and scale.
	Most renewable energy resources can only be developed where the resource exists and where economically feasible. [6, Para 2.5.36].
	Analysis [commissioned by the National Infrastructure Commission] suggests that there is no material cost impact, either over the short or long term, of deploying renewables faster. Renewables are now the cheapest form of electricity generation due to...
	10.2.1 In the GB power market, generators schedule themselves to generate in response to whether a market price signal for a specific period is above or below their marginal cost of generation. Marginal cost of generation is defined as: the cost of ge...
	10.2.1 In the GB power market, generators schedule themselves to generate in response to whether a market price signal for a specific period is above or below their marginal cost of generation. Marginal cost of generation is defined as: the cost of ge...
	10.2.2 Typically, solar generation has low or zero marginal costs and therefore solar assets generate as much power as they are able to, when they are available (i.e. whenever it is light) and whenever power prices are positive. Because of the variabl...
	10.2.3 Thermal and hydro plants have higher marginal costs (relating to the cost of the fuel they are converting into that additional MWh), therefore will only generate when the market is providing a higher price signal. They may also trade power, fue...
	10.2.4 All generators produce active power (MWs), and to balance the electricity system, the total national active power generated must meet the total national system load at all times. If solar farms are generating electricity during a settlement per...
	10.2.5 This market mechanism is illustrated in Figure 10.1. The blue line, increasing from left to right along the x-axis, represents the marginal cost of generation in GB at each level of demand. As demand increases, more expensive supply must be sch...
	10.2.6 If demand falls (e.g. to the left-hand dashed red line), less plant is required to run to meet demand, therefore the marginal cost of the most expensive asset required to run to meet demand is lower. Therefore the price of power reduces (here, ...
	10.2.7 The blue line in Figure 10.1 also varies for each half hour settlement period, as generating assets become available or unavailable due to outages, breakdowns or, critically, more or less wind or sunshine is expected or experienced. Therefore, ...
	10.2.8 The marginal cost of production to meet demand over these periods will therefore be lower and as a result, the traded price of power will be lower.
	10.2.9 By running this type of analysis over every settlement period over the future trading horizon, it is possible to derive a view of the price of power for the next week, month, quarter or season.
	10.2.10 The conclusions are the same though: increasing the capacity of renewable assets in GB reduces the traded price of power, but the effect is not limited to GB. A 2018 paper by Energy Institute of Haas, Setting with the sun, describes a quantita...
	Figure 10.1: Representative marginal cost stack for the GB electricity system
	[Author analysis]
	The International Renewable Energy Agency (IRENA) found that between 2010 and 2019, the cost of solar PV globally dropped by 82% ... In 2019 alone, the cost of electricity from solar fell by 13% to just over five pence per kilowatt-hour. This means th...
	10.3.1 The market mechanisms described in Section 10.2 only reduce the price of power if solar projects come to market, or if developers believe they are able to make reasonable returns on their investments. The cost of solar generation is an importan...
	10.3.2 An important measure of the lifetime cost of solar generation, is its levelised cost of energy (LCOE). LCOE is calculated using a discounting methodology and is a measure of the lifetime unit cost of generation from an asset, including capital ...
	10.3.3 Figure 10.3 shows a UK-specific analysis based on data sourced from BEIS’ Electricity Generation Costs report, 2020 [103] with the range of values representative of different complexities of technical solution. This analysis is consistent in it...
	Figure 10.2: The efficiency of solar cell technology has increased year-on-year for decades
	[104]
	10.3.4 Closer to home, The NIC’s current view is that RES represent a most likely low-cost solution for GB electricity generation, over large-scale conventional investments:
	More renewables do lead to more money being spent to match supply and demand: a system with 90 per cent renewables is estimated to cost up to £4.5 billion more per year to balance. But cheaper capital costs are estimated to offset this within the cost...
	10.3.5 Solar costs have been driven by capital infrastructure, development and integration costs, and lifetime O&M including minimising or addressing the anticipated degradation of solar panels and inverters and this is likely to continue. Technologic...
	10.3.6 Industry-sourced data and opinion concurs with Lazard’s findings, for example a CCC illustration of data from IRENA analysis (2020) showing cost reductions in and competitiveness of renewable generation technologies against fossil fuel generati...
	10.3.7 The BEIS 2020 Cost of Generation update [103] concurs with the analysis shown, and results are summarised in Figure 10.4. The analysis shows that UK-specific estimates of levelised cost of energy (LCOE) from solar have reduced significantly sin...
	Figure 10.3: Levelised cost of energy comparison
	[103]
	10.3.8 Figure 10.4 should not however be taken as a justification for delaying the development of renewable projects, in order to capture a lower future installed price. Section 5.3 explains the rationale for urgent action to develop significant capac...
	10.3.9 The costs of solar are reducing as new projects are being developed, and the technology is now becoming more economically attractive over a growing geography. The factors which have already pushed prices down — such as technological design (gre...
	Figure 10.4: BEIS Cost of Generation. An evolution of Levelised Cost forecasts
	[103, and Author analysis]
	10.4.1 This Statement of Need builds upon the case for need established in the NPSs for the urgent development of low carbon electricity generation, and sets out the need for a rapid increase in low carbon electricity generation capacity in GB to meet...
	10.4.2 In order to meet those projections (noting that, consistent with the NPSs, these capacities are not presented as a target, nor indeed a quota, and therefore could be gone further than) a very high proportion of (if not all) solar projects of an...
	10.4.3 The case has also been made for the socially economic benefits of as-low-as-possible electricity generation costs. Assuming that the need for solar generation in GB has been accepted by the reader, this section illustrates the benefit in reduce...
	10.4.4 Solar schemes incur fixed costs, for example project development, site infrastructure and grid connection costs. Project development timeframes are also generally fixed, although in the following analysis it is assumed that smaller schemes are ...
	10.4.5 Figure 10.5 shows the results of an analysis which illustrates that development of one large solar scheme brings carbon savings and economic benefits versus developing combinations of smaller independent schemes, each combination matching to th...
	10.4.6 The base case scenario (against which each of the scenarios illustrated in Figure 10.5 is compared) models the LCOE and carbon benefit associated with the development of one large solar scheme with characteristics which are consistent with The ...
	10.4.7 Four other scenarios, the results of which are shown in Figure 10.5, include two, four, eight and ten smaller independent schemes, each developed and grid-connected independently from each other, but each scenario matches the same total install...
	10.4.8 A final scenario models multiple smaller schemes, each under the 50MW capacity threshold, in order to simulate the development of distribution connected schemes which are outside of the NSIP process.
	10.4.9 The analysis considers development, capital and operating costs. The financial data inputs have been drawn from BEIS’s 2020 Electricity Generation Costs report [103] and have been supplemented as necessary with industry benchmarks from the Auth...
	10.4.10 Development timings influence the environmental and economic benefits or disbenefits achieved by each scenario relative to the first single large solar scheme.
	10.4.11 Key assumptions incorporated into the analysis include:
	 Development costs, both fixed and variable, are included at the beginning of each scheme within each scenario;
	 Ongoing operational costs, based on industry benchmarks, have been included through life for each scheme within each scenario;
	 Solar irradiation, load factor and annual degradation have been held constant across all schemes and scenarios;
	 Development costs and unit operating costs scale according to the size of each scheme, but unit capital costs (£/MW(p)) are constant across each scheme in each scenario;
	 A cash flow model incorporates these costs and includes an allowance for institutional rates of return on investment (excluding inflationary aspects, which would apply across all scenarios) over a consistent anticipated project lifetime;
	 The key outputs are an indicative LCOE (£/MWh) for each scenario, as well as the carbon savings (tonnes of CO2(e)) each combination delivers in the critical pre-2030 timeframe;
	 In the interests of simplicity and transparency, the analysis excludes tax and capital allowances; and
	 The LCOE and carbon emissions savings pre-2030 are compared between different scenarios.
	10.4.12 Figure 10.5 shows a comparison of the LCOE for each of these solar scenarios with the base case, single solar scheme.
	10.4.13 Energy storage, the benefits of which are described more fully in Chapter 11, has not been included in this analysis, although energy storage does provide additional benefits to the local and wider energy system, and specifically to The Scheme.
	10.4.14 This analysis shows that the LCOE for each scenario increases (i.e. the scenario costs more) as the number of schemes which deliver each scenario increases (or the average size of each individual scheme decreases). This is because all schemes ...
	10.4.15 This analysis also assumes a fixed ratio of installed solar capacity per unit of grid connection capacity. In smaller separate locations, which can be more footprint constrained than larger locations, it may not be physically possible to lay o...
	Figure 10.5: LCOE and carbon emissions savings at large-scale single-site solar, versus developing the same total capacity across multiple projects
	[Author analysis]
	10.4.16 The results also show that as the number of schemes within each scenario increases, and that scenario’s development timescales also increase, less low-carbon electricity is generated in the critical period before 2030 (see Section 5.3). Each m...
	10.4.17 It is important that this analysis is not be taken to imply that smaller solar schemes should not be brought forward for economic, decarbonisation or security of supply reasons, and there may be reasons why the development of individual scheme...
	10.4.18 The Scheme presents an opportunity to develop large-scale solar generation in a highly beneficial location, and this analysis demonstrates that it is consistent with government policy to develop the scheme at the largest scale possible subject...
	10.5.1 Solar power reduces the market price of electricity by displacing more expensive forms of generation from the cost stack, delivering benefits to electricity consumers.
	10.5.2 Due to technological advances, power generated by solar plants is already at or below grid parity cost in GB.
	10.5.3 Solar power is economically attractive in GB against many other forms of conventional and renewable generation.
	10.5.4 Size remains important, and maximising the generating capacity of schemes improves their economic efficiency, so bringing power to market at the lowest cost possible. Larger solar schemes deliver more quickly and at a lower unit cost than multi...
	10.5.5 The Scheme proposes a substantial infrastructure asset, which if consented will deliver large amounts of cheap, low-carbon electricity both during and beyond the critical 2020s timeframe. Maximising the capacity of generation in the resource-ri...

	11 Flexibility and integration
	11.1.1 An important enabler for the further development of the large renewable generation schemes which are leading UK (and international) decarbonisation actions, are flexible technologies which optimise the integration of RES schemes into electricit...
	It is key that, alongside deploying renewables, the UK continues to drive innovation in the power sector to effectively build a flexible electricity system. Storage technologies, flexible demand, efficient interconnectors, and other innovations are al...
	New forms of flexibility could lower future costs for consumers, by minimising expensive network reinforcement or reducing the need for additional generation, especially peaking capacity which needs to be deployed quickly to meet spikes in demand. [9,...
	11.1.2 In this chapter, we describe three important classes of integration measure which deliver flexibility: interconnection, electricity storage, and hydrogen. Of these, electricity storage and hydrogen are most relevant for The Scheme.
	11.2.1 The utility of renewable generation assets is enhanced by the development of flexible integration measures. The technologies which provide these measures will be important to the proper functioning of high-RES electricity systems in terms of bo...
	 Capturing ”free” energy when it is not useful and dispatching it when it has use;
	 Transferring ”free” energy from where it is not useful, to a location where it is useful;
	 Transforming ”free” energy from a form which is not useful, into a form which is useful; and / or
	 Providing system services which help integrate renewable assets into the GB energy mix.
	New storage technologies reduce the problem of meeting peaks in demand, and dampen wholesale price volatility, back up solar and wind intermittency, and open up the prospect of the electrification of transport. [96, p68].
	11.2.2 The meaning of flexible integration measures has expanded in recent years as a result of considering ways of achieving Net Zero. Not only must generation and demand assets integrate with each other within the electricity market, but also the in...
	11.2.3 Flexible measures will operate over different timeframes, as described in [123]:
	 Short Duration: Durations of 4 hours or lower, suited to addressing short duration balancing needs with very fast flexibility;
	 Medium Duration: Durations of over 4 hours, up to 12 hours, suited to addressing within day balancing; and
	 Long Duration: Durations of over 12 hours, required for multi-day and seasonal balancing needs. The category also includes long duration hydrogen storage.
	11.2.4 Overplanting of solar farms, as described in Section 7.7 above, is a strategy which reduces the requirement for Short and Medium duration measures by increasing solar output from the scheme outside of the middle of the day without also increasi...
	11.2.5 The Energy Systems Catapult predict that "Beyond bulk energy provision, a significant increase in different types of storage and flexibility is needed", concluding that major innovation and deployment of storage technologies across different ti...
	11.2.6 NGESO’s most recent FES predicts that storage will be required across hydrogen, heat, carbon and electricity to efficiently manage flexible supply and demand. Their modelling indicates the need to increase storage capacity (from 4GW at the end ...
	11.3.1 Interconnectors (and network development) are important strategies for managing the intermittency of power generation, and localised flows as a result of weather-dependent generation. Interconnectors allow the sale of green energy to neighbouri...
	11.3.2 At the time of writing this report, the UK has 7GW of commissioned interconnector capacity to France, Belgium, Ireland, the Netherlands and Norway. Interconnector projects are large and complex, with long lead times. Danish, Icelandic and other...
	11.3.3 Firstly, there is no guarantee that power flowing through the interconnector to NETS was generated from low-carbon generation (or is causing carbon-intensive backup plant in Europe to generate in order to supply GB).
	11.3.4 Secondly, there is no guarantee that the interconnector will flow in to GB when power is needed. Interconnectors respond to price signals, so a pan-European weather event which may cause demand to increase simultaneously in both connected marke...
	11.4.1 As described in Section 6.2, the prominence of a hydrogen economy has increased in each annual edition FES since 2019. This is a direct result of the requirement to meet Net Zero, and hydrogen is an important constituent of those scenarios whic...
	11.4.2 Although the public prominence of hydrogen has recently grown, it has been forerun by a longer acknowledgement of its potential to enable deep and broad decarbonisation.
	11.4.3 The Union of Concerned Scientists describe that hydrogen is an important energy vector which may be able to help decarbonise homes and buildings, and power road transport, however hydrogen needs to be made through large-scale industrial process...
	11.4.4 Government’s 2021 UK Hydrogen Strategy explains that hydrogen has "the potential to overcome some of the trickiest decarbonisation challenges facing our economy" [106, p2] especially in enabling the decarbonisation of industry and land transpor...
	11.4.5 There are many practical ways in which a hydrogen economy can enable decarbonisation. The major potential uses of hydrogen are:
	 A further development on from already existing technologies such as liquefied petroleum gas (LPG) and compressed natural gas (CNG) will enable hydrogen’s use in road transport, reducing the carbon intensity of freight haulage and public road transpo...
	 Hydrogen, when blended with mains gas into the GB National Transmission System (NTS), will reduce the carbon intensity of current gas use (home and commercial heating, home cooking, industrial use). Potentially only minor changes would be required t...
	 A greater share of hydrogen in a blended natural gas mix will provide greater decarbonisation, leading effectively to a substitution of natural gas by hydrogen in homes and businesses, wherever possible. An upgrade to the NTS would be required but w...
	 This also opens up the use of hydrogen as a power generation vector: substituting the current CCGT fleet (c. 394gCO2/kWh at current efficiencies) and Open Cycle Gas Turbine fleet (c. 651gCO2/kWh at current efficiencies) for a zero-carbon dispatchabl...
	 Hydrogen is a highly suitable energy vector for inter-seasonal energy storage. By using excess low-carbon electricity generation to produce hydrogen to send to storage, that hydrogen can later be released for other application when needed. Because o...
	11.4.6 At the current time, most hydrogen is produced by methane cracking. Methane cracking emits carbon as a by-product, therefore the ramp up of methane cracking facilities would require CCUS capability to achieve Net Zero carbon, such as the indust...
	11.4.7 Electrolysis currently accounts for approximately 1% of global hydrogen production, however a growth in electrolysis capability and capacity opens out the prospect of using RES to produce hydrogen, in potentially significant quantities.
	Electrolytic hydrogen ... through nuclear and renewables, has the lowest carbon emissions over the full life cycle. Hydrogen can play a vital role in decarbonising sectors such as industry and heavy transport where few alternatives exist. [107, p16]
	11.4.8 Hydrogen produced by electrolysis, which uses low-carbon (renewable) electricity, therefore has the potential to replace natural gas for heating and domestic use; displace petroleum products from heavy transport; and provide an energy vector su...
	11.4.9 Actual examples of hydrogen produced by electrolysis from low-carbon generation (predominantly in the US) include solar-to-hydrogen at California’s Stone Edge Farm Estate (where excess solar generation is used to produce green hydrogen for own ...
	11.4.10 In the UK Hydrogen Strategy, government explains that:
	As a result of its geography, geology, infrastructure and capabilities, the UK has an important opportunity to demonstrate global leadership in low carbon hydrogen and to secure competitive advantage … When it comes to production, our "twin track" app...
	11.4.11 Hydrogen is making tangible steps towards mainstream use in the decarbonisation of hard to reach subsectors of transport. In September 2020, the UK’s first hydrogen-powered train journey was made. In the same month, a hydrogen-powered commerci...
	11.4.12 NGESO estimate that annual electricity demand from road transport as a whole (incorporating both EVs and vehicles powered by hydrogen) could be between 90 and 123TWh [116, Table ED1], this is lower than the forecast derived from independent an...
	11.4.13 NGESO estimate that at between 126 and 240TWh of electrical energy will be required annually by 2050 to produce hydrogen to meet its many potential end-uses [116, Table ED1], the wide range is due to different Net Zero compatible scenarios pro...
	11.4.14 The National Infrastructure Commission considered the benefits hydrogen could bring in terms of lowering the overall cost of a highly renewable electricity system in their Net zero: opportunities for the power sector publication:
	Highly renewable systems are still a low-cost option in a Net Zero world. The analysis once again finds that electricity system costs are broadly flat across a range of different levels of renewable penetrations. If hydrogen is deployed, providing low...
	11.4.15 The hydrogen economy is set to grow in the UK with recent government announcements targeting "Five gigawatts of low carbon hydrogen production capacity by 2030 – for industry, transport, power and homes – and [to] develop the first town heated...
	11.4.16 Hydrogen, attracting a subsidy of up to £500m, is foreseen to be produced in the UK, partly by energy from renewable generators.
	11.4.17 In order for hydrogen’s potential to play an increasingly important role in the energy ecosystem of the future to be realised, hydrogen must be produced by low-carbon methods, those methods increase even further future electricity demand, and ...
	11.4.18 As a large-scale solar generation asset, The Scheme is fully aligned with the national ambition for the development of a hydrogen economy, where hydrogen production has a zero carbon footprint.
	11.5.1 While the Infrastructure Planning (Electricity Storage Facilities) Order 2020 removed all forms of electricity storage, other than pumped hydroelectric storage, from the definition of nationally significant energy generating stations, it is rel...
	11.5.2 Electricity storage will play an important role in the development of a low-carbon GB energy system. Electricity storage may be connected as a standalone asset or collocated with a renewable generation scheme. Because The Scheme’s grid connecti...
	11.5.3 Collocation of solar and storage assets provides efficiencies in relation to land use and the maximum use of available grid connection capability (if available) because on-site infrastructure can be shared between the two technologies. However ...
	 Not all grid connections have both import and export capability, and the import capability may not be cost effective to provide, however export capability, where it is available, should be used to connect renewable generation to the NETS; and
	 Although storage facilities, if collocated with renewable generation schemes add utility to the operation of solar generation schemes, services which support the efficient flow of renewable power onto the UK electricity system can and also are expec...
	11.5.4 Therefore where available grid connections enable collocation of renewable generation and storage, a scheme which includes both may make sense to develop. However locations with an export connection only, which therefore would be brought forwar...
	11.5.5 Significant investment is being made in the advancement of electricity storage as an integration aid for renewables and other generation and consumption technologies. In September 2020, an International Energy Agency (IEA) / European Patent Off...
	Between 2005 and 2018, patenting activity in batteries and other electricity storage technologies grew at an average annual rate of 14% worldwide, four times faster than the average of all technology fields ... [and] batteries account for nearly 90% o...
	11.5.6 Other electricity storage technologies are also under development, using for example, momentum (e.g. fly-wheel), pressure (e.g. compressed air energy storage), heat or chemical processes to store energy. Many of these technologies are under dev...
	The continuing and growing need for Balancing Services
	11.5.7 The activities associated with integrating renewables into the GB electricity system will increase with their penetration [87, p2]. Energy balance must be managed at all times; and as renewable capacity increases, more services will be required...
	 Voltage and frequency may not evolve linearly in unbalanced or distributed systems and faults may evolve quickly;
	 Generators may find it challenging to remain synchronous to systems following fast-evolving faults, increasing the risk of cascading faults;
	 Fast-moving fault conditions will be more complicated and may not be predictable; and
	 High-renewable systems will be harder to mimic for test, research or safety justification purposes.
	11.5.8 The SOF describes two related concepts: system inertia, and system short circuit level.
	System inertia and Rate of Change of Frequency (RoCoF)
	11.5.9 NGESO foresee a significant decline in GB system inertia as a result of less synchronous plant connecting to the NETS, resulting primarily in the requirement for increased frequency response services. Over the coming years, the requirement for ...
	11.5.10 RoCoF is closely related to system inertia in that RoCoF increases as inertia decreases. A high RoCoF means that faults may evolve quickly, therefore response measures will need to be capable of responding quickly in order to avoid large-scale...
	Short circuit levels and voltage dips
	11.5.11 Short circuit level is a measure of transmission system strength, or its ability to remain within (or return to) normal operational states. Analogous to system inertia, the connection of large synchronous plants to the transmission system main...
	11.5.12 Short circuit level reductions increase the depth and geographical reach of voltage dips. Voltage dips have detrimental effects on generators and may cause disconnections of customer or generator circuits. In a system with a low short circuit ...
	11.5.13 The connection, directly to the NETS, of assets that are capable of delivering voltage support services, provides the opportunity for services to be delivered to NGESO which prevent the dissipation of faults over wide geographies, thus improvi...
	Services provided by electricity storage facilities
	11.5.14 Critically, electricity storage is increasingly well placed to deliver many ancillary services to NGESO, and this is of growing importance in GB. Environmental Regulations and government policy require the closure of all GB’s coal generation a...
	11.5.15 Some ancillary services must be delivered at specific locations, but others are location-independent. A description of those services which remain important for the proper functioning of the electricity system, and which could be delivered by ...
	11.5.16 Whilst the electricity storage element of The Scheme is not an NSIP in itself the Applicant considers it is Associated Development, as will be explained in the Explanatory Memorandum [EN010133/APP/C3.2] which accompanies this DCO.
	 There is a clear, direct relationship between the solar generation station and the electricity storage in that the electricity storage element of The Scheme helps address the impacts of the solar generation element by increasing the benefit derived ...
	 The storage element of The Scheme is not an aim in itself and is subordinate to the solar element of the scheme. Electricity storage does not generate low carbon energy but helps make more useful that energy which has been generated by the principle...
	 The solar element of The Scheme is commercially rational on a stand-alone basis and requires no subsidy from the storage element of The Scheme;
	 The storage element of The Scheme is proportionate to the nature and scale of the principal solar development in that the storage element of The Scheme has a direct relationship with the principal solar development and both elements of The Scheme sh...
	 The Applicant proposes to bring forwards both the solar and the storage elements of The Scheme as part of the same construction programme.  The storage element of The Scheme would not be constructed if the solar element of The Scheme was not.
	11.5.17 The British Energy Security Strategy [50] recognises the benefits of collocation as a way of maximising the efficiency of land use. Collocation also increases utilisation of The Scheme’s grid connection capacity.
	11.5.18 There are substantial benefits to the collocation of solar and storage generation facilities at this location which will result in an improved contribution to low carbon UK electricity supplies when compared to The Scheme coming forward indepe...
	11.5.19 Table 11.1 lists the operational services which can be delivered by the proposed collocated scheme. The table supports the Applicant’s view of the benefits of collocation. Collocation is especially beneficial for NGESO where connections are to...
	Growth within the electricity storage sector
	11.5.20 A 2016 study commissioned by the former Department for Energy and Climate Change (DECC), concluded that energy storage could result in savings of around £2.4 billion per year [from] 2030 for the UK [110, p3]. Through government and industry ac...
	11.5.21 The International Energy Agency report the year-end 2019 installed capacity of energy storage projects deployed since 2013 globally at grid-scale to be 5.3GW, with a further 5.4GW "behind the meter" [111].
	11.5.22 The world is not on track to meet the energy-related components of the Sustainable Development Goals (SDGs). The IEA’s Sustainable Development Scenario (SDS) outlines a major transformation of the global energy system, showing how the world ca...
	11.5.23 The IEA’s report [111] describes that, despite a need for growth in installed capacities to return to and remain at double-digit levels in order to meet the Sustainable Development Scenario pathway, growth has been fragile as policy interventi...
	11.5.24 This certainly holds true in the UK. With the further development of large capacities of intermittent low-carbon generation, EN-3 foresees that:
	There will be an increasing need for storage infrastructure to balance electricity supply and demand [2, Para 2.38.2]
	11.5.25 A 2015 report of energy storage assets in GB listed just 27 installed energy storage projects, with a total capacity of around 33GWh [112, p16], a large proportion of that capacity was in the form of heritage pumped storage (hydro).
	11.5.26 The current status of the larger battery storage assets in GB shows that since the 2015 report, progress has been made in delivering large battery storage projects, and that market participants have ambition to deliver larger projects still, b...
	11.5.27 NGESO report that 1.8GW of battery storage was in operation in 2021 [116, Table ES1]. A government report stated that 4GW of storage projects were progressing planning consent [113].
	11.5.28 NGESO’s FES 2022 [116] estimates that electricity storage capacity (excluding vehicle-to-grid technologies) will need to increase by 13 – 27GW by 2030 and by 30 – 50GW by 2050, in order to achieve Net Zero.
	11.5.29 NGESO’s TEC Register shows a total of 20.6GW of connection capacity requests from developers of stand-alone storage schemes although storage schemes are also coming forwards with collocated storage where grid connection availability allows. Th...
	11.5.30 However listing of a scheme on the TEC or any grid connection register, or in the planning database, does not guarantee that the scheme will come forwards. A clearer indicator (although by no means providing full certainty) of schemes coming f...
	11.5.31 This implies that although development pipelines for BESS schemes are healthy, only a small proportion of proposed schemes have so far progressed towards financial commitment decisions, and on to commercial operation.
	11.5.32 A much higher conversion rate will be required on the remaining pipeline in order to meet the FES view of an additional 13 – 27GW of electricity storage operational by 2030.
	11.5.33 The storage pipeline – as an enabler of other higher levels of RES capacity in the UK electricity system – is growing in capacity and projects which deliver will be able to support large-scale solar integrate further to the grid as soon as the...
	11.5.34 Figure 11.1 plots NGESO’s projections for solar capacity against their projections for battery storage capacity, both derived from the three scenarios in FES 2022 [116] which are Net-Zero compliant. The figure shows that as solar capacity incr...
	Figure 11.1: Incremental solar capacity vs. incremental storage capacity projections, 2022 – 2050
	[Author analysis of published data]
	11.5.35 Globally, BESS have already achieved significant advances in technological ability and economic performance: batteries are becoming bigger, better (greater power, durability and longer operating lives) and cheaper. Portable applications, such ...
	11.5.36 In November 2022, the "UK’s largest battery" commenced commercial operation: a 98MW / 196MWh located in East Yorkshire, which will provide energy balancing and dynamic frequency response services. Construction has started on other battery stor...
	11.5.37 The economics of battery storage remain uncertain in GB at present, despite the clear need for further build out of the technology. The Prime Minister’s Ten Point Plan, announced in November 2020, includes "nearly £500m for battery manufacture...
	11.5.38 Batteries will become well suited to displace other technologies (such as reciprocating gas engines, which are currently performing the role of meeting peak demand but for which no carbon capture solution has yet been identified) from the gene...
	11.5.39 The proposal to include BESS as part of The Scheme is therefore in accordance with emerging government policy on the need for integration measures on the electricity system to support the transition to a fully low-carbon grid. The grant of a c...
	Figure 11.2: A projection of future battery component costs
	[Author analysis of published data]
	Table 11.1: The potential contributions of a storage asset within The Scheme to the GB electricity market, including ancillary service provision
	[Author analysis]

	12 In summary and in support of this for solar and storage scheme
	12.1.1 This report has shown that solar generation is economically and technically viable, and that it is economically and technically preferential, in a GB context.
	12.1.2 Decarbonisation is a UK legal requirement and is of global significance. It cannot be allowed to fail, and urgent actions are required in the UK and abroad, to keep decarbonisation on track to limit global warming.
	12.1.3 The summary points which support the need for large-scale solar developments are:
	 Large-scale solar generation is essential to support the urgent decarbonisation of the GB electricity sector. Large-scale solar is important not only to reduce power-related carbon emissions, but also to provide a timely next step contribution to a ...
	 As part of a diverse generation mix, solar generation contributes to improve the stability of capacity utilisations among renewable generators. When developed alongside other renewable technologies, large-scale solar will smooth out seasonal variati...
	 Other conventional low-carbon generation (e.g. tidal, nuclear or conventional carbon with CCUS) remain important contributors to achieving the 2050 Net Zero obligation, but their contributions in the important 2020s will be very low.
	 By being connected at the transmission system level, large-scale solar generation can and will play an important role in the resilience of the GB electricity system from an adequacy and system operation perspective.
	 Large-scale solar generation also supports security of supply by helping reduce the national dependency on imported hydrocarbon source fuels, e.g. coal and gas.
	 The cost of solar generation is already super-competitive against the cost of other forms of conventional and low-carbon generation, both in GB and more widely.
	 Internationally, and importantly for GB in this regard, is the ongoing trend of solar generation assets becoming larger and more affordable, each subsequent project providing a real-life demonstration that solar schemes of similar size and scale as ...
	 Single large-scale solar schemes deliver more quickly and at a lower unit cost than multiple independent schemes which make up the same total capacity, bringing forward carbon reductions and more affordable electricity, in line with government policy.
	12.1.4 The general benefits of solar generation in GB also apply specifically to The Scheme:
	 The Scheme is a substantial infrastructure asset, capable of delivering large amounts of low-carbon electricity to local and national networks. The Scheme, along with other solar schemes, is of critical importance on the path to Net Zero, with NGESO...
	 The Scheme’s NETS connection means that it will be required to play its part in helping NGESO manage the national electricity system. This includes participating in mandatory balancing markets (to help balance supply and demand on a minute-by-minute...
	 The Scheme provides an efficient opportunity to integrate energy storage with large-scale solar generation. Energy storage is an essential technology for high-RES electricity systems, such as that which the NETS is anticipated to become during the c...
	 Maximising the capacity of generation in the proposed area, is to the benefit of all GB consumers, and the solar industry generally.
	12.1.5 The Scheme will deliver ahead of other technologies which have longer construction timeframes or have potentially not yet been proven at scale, which will support decarbonisation only in future years and only if they are brought forwards.
	12.1.6 In summary: the meaningful and timely contributions offered by The Scheme to UK decarbonisation and security of supply, while helping lower bills for consumers throughout its operational life, will be critical on the path to Net Zero. Without T...
	12.1.7 This Scheme is a leading GB large-scale solar scheme, and is an essential stepping-stone towards the future of efficient decarbonisation through the deployment of large-scale, technologically and geographically diverse low-carbon generation sch...

	13 About the author
	13.1.1 This Statement has been prepared by Si Gillett. Si Gillett has European energy sector experience, spanning 20 years of commercial, analytical and consulting roles within Utilities and the Oil & Gas sector, and provides services to UK energy mar...
	 Renewable generation pre-construction feasibility studies and advice for GB assets;
	 GB electricity market commercial operation; and
	 Electricity market transformation.
	13.1.2 Si Gillett specialises in market change readiness and the implementation and performance of energy market regulations and in previous roles he has held responsibility for the commercial operation of electricity generation assets in GB, EU whole...
	13.1.3 He prepared a Statement of Need for Cleve Hill Solar Park (DCO granted May 2020) and provided written and verbal evidence in the Issue Specific Hearings.
	13.1.4 He also prepared a Statement of Need to support the IROPI (imperative reasons of overriding public interest) arguments made in response to the Secretary of State for Business, Energy and Industrial Strategy request for further information under...
	13.1.5 He is also supporting c. 6GW (offshore wind) and c. 5GW (solar) of schemes through their applicable planning processes.
	13.1.6 He holds Masters degrees in Mathematics, from Oxford University, and in Nuclear Safety, Security and Safeguards, from the University of Central Lancashire.
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