Research
Smart Grid—Review

===

32 [E & 5E B8 I BT iR

Nick Jenkins, Chao Long*, Jianzhong Wu

HBE:. AXHRESERBMRBIVRNER, XHNETEEE

BRARAEINEXEN. BRMEARREIER. BEHHL
BRAERMTIERER, HHaFAiRA T {mMEEEN

BMNEHRENE, BR 7 EEERNBAXSER T XE8

NERAMERBERLERHERITSE—NEMN. A= B

ERNEN, AXFEXEIHNZE LML, a5 8M

BERANHBES AR ENKENERRRERD. BHRE [3]
B, FREEMEE. MNEESEEMNITRIPEEHNEERN

REMEMESRRS RN L RIEHAI S5 S,

REIF: ZEEBRN, BORS, TBELER, ERMEES, (Ofgem)
LHEEBR 5 (LCNF)
S (ENIC)
1 5|8
(NIA)[4]
(GHG) (IFT)
GHG
GHG [1]
GHG
GHG 27 % [2] ( DECC)
2050 GHG (Ofgem)
(CCS) [2]

Institute of Energy, School of Engineering, Cardiff University, Cardiff CF24 3AA, UK
* Correspondence author. E-mail: longc6@cardiff .ac.uk
Received 29 September 2015; received in revised form 7 December 2015; accepted 9 December 2015

© The Author(s) 2015. Published by Engineering Sciences Press. This is an open access article under the CC BY license (http://creativecommons.org/license/by/4.0/)

EXRX . Engineering 2015, 1(4): 413-421
3|F4<3: Nick Jenkins, Chao Long, Jianzhong Wu. An Overview of the Smart Grid in Great Britain. Engineering, DOI 10.15302/J-ENG-2015112

www.engineering.org.cn Volume 1 - Issue 4 - December 2015 Engineering

399



400

1IGEE (6 1] Smart Grid—Review

2 EEEEMREX

(ICT)

2006

HROMAEA—FAZAHATHE LA ZFL
AW FRESHASIMENR P (L LH.
B P RFAHEFZT AL,

A R P Bk AT A F T e Fe ] F R S, AR
A M AR A B RS L H AR, AEE] T S
B A%

o ZA TR KRR AL Fo ARG KB 69 F AN

FaiZ

o BEAE A P AR AL R KRB E AL

s TARFREE S BHE A Bk,

© TRFRY EAE R R ARG

c YLV EERIINA SRR GO BE T A

IR B K Fa e Al
o TRFF IR IA IR SHL AR & 2
o AEARAL T &y BN — AR T 35 3k (1, 5, 6]

(ENA)

SRR E PO LRI LR TR O
P EINN RS FY P
A5 AR B A LA I LM A — A L 60
LR,

Rk, BEN AR

VAT AR

W AR Z IR B e
Ak W A 09 3B 3 SR, AR AR AR R AR X A @
J1 B &5 AR AR E R B A i R B, X

s 3 F Ao A R A BR M 69 °T B A AR R BB R A& 52
B IEA AR AR ER A HLEXER [T]0

3 HEEeEBMNIERE

3.1 HEAE
2008 [8]

Engineering Volume 1 - Issue 4 - December 2015 www.engineering.org.cn

@ 2050 1990
80% (@ 2020 GHG
1990 1/3 2009 (EC)
(EU) 2020
“ 20-20-20"
[9]
. GHG 1990 20 %
. 20 %
. 20 %
2020 15 %
2005 2009
1.3% 3.1 %[10]
2020
2020
15 %
. 30 % 2%
. 10 %
. 12%[10]
2050 (GHG 80 % [11])
[2]
CCS
/
78 GW ( 58 GW)
( ) 34 % [12]
30 %~60 % [2]
CCS



(2]
5
—LCNF
32 HAFE
321 ERIERE
20
)
[1]
2010—2015

6% 132/33 kV

3.2.2 12ERH!

(CHP)

[13]

Smart Grid—Review [i{EREE (A

CCS 3.2.3 {HERETEEM

10
ccs
( 3h[14])
( )
[15]
( )
4 HEEEBMAMEHENSTITTEYEE
BERENSE
4.1~4.4 4.5
10 %

41 SELWH
2001 (CCL)

2015 4  CCL
0.554 p-(kW-h)' 0.193 p-(kW-h)"
1.240 p-(kW-h)™' [16]
CHP

CCL
4.2 FIBERERXSSE

(RO 2002
2005 )

(ROC)

ROC
ROC

www.engineering.org.cn Volume 1 - Issue 4 - December 2015 Engineering 401



402

1IGEE (6 1] Smart Grid—Review

ROC
4.3 LEWEBMH
2010 4 1
(FIT)
(PV)
5 MW
CHP
2 kW [17]
(FIT
)
( 2015 4 1
4 kW,
PV 13.39 p-(kW-h) ™
[18])
( 2015 4 1
4.85p-(kW-h) '[18])[17]
Ofgem
DECC
(
)
(
20 )
FIT
4 kW,
PV (2010
4 1 ) 48.84p-(kW-h)"' 2012

22.59 p-(kW-h) "
13.39 p-(kW-h) '(

2015 4 1 )[18]

FIT
DECC

4.4 FIBAEMPRIHEER

2011 (RHI)
RHI
20 RHI
( 2013 3 ) ( 2011
)
/
RHI
[19]
4.5 (R ANTSEMSEDR
21
. ‘ " [20]
( 2020 100 % -(MW-h)";
. CcCS ( 10 )
. 5000
. ( )
. 3000
[21]
« 20102015 Ofgem ( 5 )  LCNF
2015 ENIC
5
2010 9GW 2015
[22] 25GW (1) 2010 3.8 GW
2015 8.5 GW 1 GW
2015 4.7 GW PV 41 MW 2015
6.8 GW 2010 2 GW 2013
% W Biomass
25 | M Hydro
M Solar PV
20} ™Wave &tidal
M Offshore wind

B Onshore wind

Cumulative installed capacity (GW)
&

Year and quarter

1.2010—2015 FRITTBERRERBENEE (BEASDZE )[22]

Engineering Volume 1 - Issue 4 - December 2015 www.engineering.org.cn



Smart Grid—Review [i{EREE (A

4.9 GW 5 LCNF LCNF
(2015 ) DNO
5 PV DNO
LCNF DNO
FIT ( 1600
) Ofgem
2016 1 [26]
[23] 6400 DNO
10 kW, PV
1.63p-(kW-h)"'
DNO
5 LCNF #1 ENIC T H B hEF0# B DNO
51 KETEEBMNES: ABCEN
2015 4 ENIC
(DNO) NIA LCNF
LCNF NIA IFI
(IFI ) ENIC
LCNF ENIC DNO
DNO (TO) (
8100 )
[24] [27]
[25]
53 ZHRIMEMNRAES
5.2 LCNF #1 ENIC IE T4 Ofgem 4~6
14 DNO DNO
DNO 1 5
DNO DNO
14 DNO 6
Ofgem 1 DNO
DNO Ofgem DNO
DNO 1
(DER)
(DPCR) Ofgem DER
5 DPCR 5 2010 4 DNO
2015 3
DNO 2
DPCR 5

www.engineering.org.cn Volume 1 - Issue 4 - December 2015 Engineering

403



1IGEE (6 1] Smart Grid—Review

& 1. ZRINE R E X N BB EFRFMFTS KRR AR

Constraint
LCNF project focus
Voltage Current/thermal Fault level
132 KV circuits @ D Customer-Led Network Revolution
EHV network (33 kV circuits) %

| Accelerating Renewable Connections

J Flexible Networks for a Low Carbon Future
K Flexible Plug and Play Low Carbon Network
L Flexible Urban Networks—Low Voltage

M Low Carbon London

N Smarter Network Storage

O Vulnerable Customers and Energy Efficiency
Y Kent Area System Management

HV network
(11 kV or 6.6 kV circuits)

LV network (< 1000 V)

Demand side

[28].
ICT I ICT
. ol
Loss analysis/ A8 Voltage/var control
loss optimization
(RTU)
“ARE K “ K Power electronics Thermal overloading
(400 V) (6 6KV 11 kV) device (power flow management)
0
50 % Demand response Fault level management
/
/ Automatic reconfiguration
2. FiE R BRI AERTIR,
DNO 5 4490 [29] ENIC
LCNF
. 132kV  275kV
. (MVDC)  (30kV 30 MW)

5.4 ENICIBEXFRMNEAEAE
2015 ENIC

404 Engineering Volume 1 - Issue 4 - December 2015 www.engineering.org.cn



Smart Grid—Review [i{EREE (A

275 kV AHEEREEWE,
EN 68150

7 REEREEMEEE

7.1 RFEEEEMAVIFIR
6 ZFEEEHZE

6.1 EXERENEREER

2020 PV
4700
86 20 [25]
146 [30]
63.3 ( 43.3 %) /
(26.9 ) ICT ¢
(11.3 ) RTU )
64.3 ( 44 %) (42.3
) / (10.6 )
/
[30]
6.2 EBMRAEEEBRNKE 7.2 TIREMABMXA
EE o # X Uk o «C 3
DNO( ) DNO
DNO DNO
(DSO)
[31] [25]
BMIZE .

[31]

www.engineering.org.cn Volume 1 - Issue 4 - December 2015 Engineering 405



1IGEE (6 1] Smart Grid—Review

Generators, supplier & intermediaries Transmission system operator

Managing a largely passive network

Customer service Market service Plant Frequency control & constraint management
Q Procurement of balancing & ancillary services
ol I < 3 A A A R A A A A R A A R s i,
OileS Slhallo =3 3 = |:f> z
o ||z5||a|lg||2//29||5|]|2 7 e g2 S| |o z
«Q ol o X, [ QO - 0. 1%} = @ > 3 kel T < S T
S|€s/|a2(l2||2||88|/8| |2 |g| 8| |3| 2 5| |2 £ 13 |g 12|39
o = [0) 3||lQ35 2 = B 0] [} > [©] > — o v
EX A= RIS D a D N 5 = = a 3 o B o ) «Q
= g|le o |a |8 g o P 5 = ! =
[=} o||< T3 = Q @ =3 » @ 3 3]
o(|2clle||Z|S |log(lc|ld ||®| |8 g < gl (2] 18] |2 |5z |8 |2 |8]||%]|®
SIIgES||e||3||20|la|| a o > ] o g o =| | 8 T @ = 2] @
o ||® &2 Q|| ™ 3 © = @ = =3 g = o 4 @ = W @,
< 5 5 2 S 2 o o Z = [0} = 9 = ©° ™ =
@ @ 3 < o o @ Q @ - @ o) 2
® o o o 1] c =] =a ] s 5
> ® ) ° I @ =X 3 o} =
3 =} 3 [5) Q2 ® @ o) @
L | g L L ¢ ellel 2| (=218 13| ol |5 lal |28
" T 5 @ < T o <}
Traditional distribution system operator (DSO) |::> Q @ = 3 ° 6‘ 3 3 =
R SRS SN 8|3 8| 8| = z| 18] |8
1} » kel 3 »
o] o} s} @ a @
2 2 2 @ @
() o} g

Non-flexible demand ‘ | Non-flexible DG

@ DNO-DSO transition @ ﬁAncillary services T
Future DSO

Managing an active network supporting local balancing & system optimization

‘ Flexible demand Dispatchable resources Smart grid technologies to support an active network
(&)
o z y 9 5
o) gl 12 194l |s T = g |z
Q £ 3] =] |2 3 S = & >
S 213 gl [2] [& 4 By |8 3 |28
) ES <
m o |m| & 2 12113 (8|1g] (8] |=l |2 |Z| |28 |2 8|8 8|28
2|z >3] |2 = o 3 3l |=||z2| 8| |allZl =] 13185 e| |5 |2 2|23
S| @ N o > 5 5] o > = |2 2 S g @ > |9 |Fe
s (2 (gl |2l le || |2 |2 (& [2 | [& |53 (8 |5 |2 38 |a| 2 2] @22
o =. = (2] = =3 =
< ||z S| |12 I a2 @ = S22 IS (g @ ol z8 |g| |&| |s| |2]58
o) c = ko] @ o ® Q T = © = L = =| (32 | & Q = Q|55
S| |3 5 = s) o3 ] 17} P ) 3 =4 = o o =| |50 | @ 3 o Sllaz
sllg| |@| 5| |8 |8 g 8 llel |2 13| 12 (2] 3|2l (S22 |a| (8 (2| |8|GS
o @ 5] Q o = > o = o T = ® = S| |5e |2 o 3 =& 5
] @ @ Q Q 7] = ] l @ by [S) @ | |S 5 o @ ® o
® S ® z |58 |g| % || |3 @ 3| |2 |2]]8]|28
3 Sl 8|13 |2 g 5 S| |2|°2
Q v) = = =
Q ® & |e > al e
3 [=
©

3. RKFKBEHITUAENABHNXAR (FZHBSE M [25] ). DG: DA B,
( g

NSFC/ EPSRC OPEN (EP/K006274/1
51261130473) * (Horizon)” 2020 P2P-
(P2P-SmartTest)

8 &5t Compliance with ethics guidelines

Nick Jenkins was a member of the Ofgem LCNF Panel and is
presently a member of the Ofgem ENIC panel.

Nick Jenkins, Chao Long, and Jianzhong Wu declare
that they have no conflict of interest or financial conflicts
to disclose.

References

ICT
1. J. Ekanayake, K. Liyanage, J. Wu, A. Yokoyama, N. Jenkins. Smart Grid: Technolo-

gy and Applications. Chichester: John Wiley & Sons, Ltd., 2012
2. HM Government. The Carbon Plan: Delivering our low carbon future. 2011[2015-
09-15]. https://www.gov.uk/government/uploads/system/uploads/attachment_data/
file/47613/3702-the-carbon-plan-delivering-our-low-carbon-future.pdf
DNO DSO

3. Q. Sun,J. Wu, Y. Zhang, N. Jenkins, J. Ekanayake. Comparison of the development
of Smart Grids in China and the United Kingdom. In: Proceedings of 2010 IEEE

406 Engineering Volume 1 - Issue 4 - December 2015 www.engineering.org.cn



PES Conference on Innovative Smart Grid Technologies Europe. Gothenburg, Swe-
den, 2010: 1-6

Ofgem. Electricity Network Innovation Allowance. [2015-09-14]. https://www.
ofgem.gov.uk/network-regulation-riio-model/network-innovation/electricity-net-
work-innovation-allowance

N. Jenkins, J. B. Ekanayake, G. Strbac. Distributed Generation. London: The Insti-
tution of Engineering and Technology, 2010

European Commission. European Technology Platform for the Electricity Networks
of the Future. [2015-12-02]. http://www.smartgrids.euw/ETPSmartGrids

Energy Network Association. Electricity—Smart networks overview. [2015-08-16].
http://www.energynetworks.org/electricity/smart-grid-portal/overview.html

HM'’s Stationery Office and Queen’s Printer of Acts of Parliament. Climate Change
Act 2008. 2008[2015-09-15]. http://www.legislation.gov.uk/ukpga/2008/27/pdfs/
ukpga 20080027 _en.pdf

European Parliament, Council of the European Union. Directive 2009/28/EC of the
European Parliament and of the Council of 23 April 2009 on the promotion of the
use of energy from renewable sources and amending and subsequently repealing

Directives 2001/77/EC and 2003/30/EC. 2009

. Department of Energy and Climate Change. National renewable energy action plan for

the United Kingdom: Article 4 of the Renewable Energy Directive 2009/28/EC. 2010

. Department of Energy and Climate Change. UK renewable energy roadmap.

2011[2015-09-15]. https://www.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/48128/2167-uk-renewable-energy-roadmap.pdf

. Royal Academy of Engineering. GB electricity capacity margin. 2013[2015-08-23].

http://www.raeng.org.uk/publications/reports/gb-electricity-capacity-margin

. Ofgem. Electricity distribution price control review: Initial proposals—Incentives

and obligations. 2009

. Department of Energy and Climate Change. Annex C: Reliability standard method-

ology. 2013[2015-09-01]. https://www.gov.uk/government/uploads/system/uploads/

attachment_data/file/223653/emr_consultation_annex_c.pdf

. Ofgem. Electricity security of supply: A commentary on National Grid’s Future

Energy Scenarios for the next three winters. 2015[2015-09-01]. https://www.ofgem.
gov.uk/sites/default/files/docs/2015/07/electricitysecurityofsupplyreport_final 0.pdf

. HM Revenue and Customs. Climate change levy rates. [2015-09-15]. https://www.

gov.uk/government/publications/rates-and-allowances-climate-change-levy/climate-

change-levy-rates

. Ofgem. The Feed-in Tariff scheme—Factsheet. 2013[2013-06-22]. http://www.of-

gem.gov.uk/Media/FactSheets/Documents 1 /feed-in-tariff-scheme-FS.pdf

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

Smart Grid—Review [i{EREE (A

. Ofgem. Feed-in Tariff generation & export payment rate table for photovoltaic in-

stallations—FIT year 6 (2015/16). [2015-09-18]. https://www.ofgem.gov.uk/sites/
default/files/docs/2015/01/fit_pv_tariff table for 1_april 2015_- amended 0.pdf

. Ofgem. Non-Domestic Renewable Heat Incentives (RHI). [2015-08-20]. http://

www.ofgem.gov.uk/e-serve/RHI/Pages/RHI.aspx

Department of Energy and Climate Change. Offshore Wind Cost Reduction Task
Force. [2015-08-20]. https://www.gov.uk/government/groups/offshore-wind-cost-
reduction-task-force

Department of Energy and Climate Change. Guidance: Plugged-in Places.
2013[2015-08-20]. https://www.gov.uk/government/publications/plugged-in-places
Department of Energy and Climate Change. National Statistics: Energy Trends sec-
tion 6: Renewables. 2013[2015-08-27]. https://www.gov.uk/government/statistics/
energy-trends-section-6-renewables

Department of Energy and Climate Change. Consultation on a review of the Feed-in
Tariffs scheme. 2015[2015-09-20]. https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/458660/Consultation_on_a_review_of the Feed-in_
Tariffs_scheme.pdf

Ofgem. Electricity distribution price control review initial proposals. 2009
Department of Energy and Climate Change. Smart Grid vision and routemap.
2014[2015-09-15]. https://www.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/285417/Smart_Grid_Vision_and RoutemapFINAL.pdf

Ofgem. Low Carbon Network Fund. [2015-08-20]. https://www.ofgem.gov.uk/elec-
tricity/distribution-networks/network-innovation/low-carbon-networks-fund
Ofgem. Electricity Network Innovation Competition Governance Document.
2015[2015-09-20]. https://www.ofgem.gov.uk/sites/default/files/docs/2015/07/elec_
nic_2-1 stat con.pdf

Ofgem. Low Carbon Networks Fund submission from Western Power Distribu-
tion—Network Equilibrium. 2014[2015-08-23]. https://www.ofgem.gov.uk/publica-
tions-and-updates/low-carbon-networks-fund-submission-western-power-distribu-
tion-%E2%80%93-network-equilibrium

Ofgem. Electricity Network Innovation Competition: 2015 funding decision.
2015[2015-12-06]. https://www.ofgem.gov.uk/sites/default/files/docs/elec_nic_deci-
sion_2015.pdf

Department of Energy and Climate Change, Ofgem. Impact Assessment of a GB-
wide smart meter rollout for the domestic sector. 2010[2015-08-20]. https://www.
ofgem.gov.uk/ofgem-publications/63551/decc-impact-assessment-domestic.pdf

L. Thomas, N. Jenkins. Smart metering for the UK. 2012[2015-09-20]. http://www.
hubnet.org.uk/filebyid/191/SmartMetering.pdf

www.engineering.org.cn Volume 1 - Issue 4 - December 2015 Engineering

407





