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Year	 U'lisa'on	

2015	 55%	

2025	 35%	

System integration challenges of 
lower carbon system 

2030+	 <25%	

Degradation in infrastructure  
utilisation  

Balancing and need for 
flexibility 

Poten'al	volume	of	the	market	for	flexible	
technologies	–	storage	-	post	2030	UK	>	£8bn/year	
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System benefits flexibility (storage) 
CCC Roadmap scenarios 

Meeting carbon target with minimum low carbon generation 
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Local	&	Nat	&	Int	
Infrastructure		

Demand-Side	
Response

Flexible	
Generation

Network Storage

Increasing	asset	utilisation	and	
efficiency	of	system	balancing
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Whole-system modelling critical for capturing Time 
and Location interactions in low carbon systems  
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5

4

3

2
1

6

7

10
9

8 2

1

3

4

5

6
7

8

9

Pentland Firth

17

16 15

14 11

12 10

13

9

8
67

5

9

10

11

13

12

14

2

3

4
1

2
3

4

7 6

5

Space	



3	

Multi-service provision by storage 
•  Arbitrage 

ü Participate in day-ahead energy market 
•  Balancing services  

ü Participate in real-time balancing market 

•  Frequency regulation services 
ü Providing primary/secondary / tertiary frequency regulation services 

•  Contribution to meeting peak demand 
ü Reducing need for peaking plant 

•  Network Support 
ü Reducing need for network reinforcement  

•  Low carbon generation mix 
ü Meeting carbon targets with minimum LC generation 

•  Option value 
ü Providing flexibility to deal with uncertainty 
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Storage technologies and grid applications: 
Hybrid Solutions should be considered 
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Business case for energy storage: 
Provision of multiple services and access 
to corresponding revenue streams 

0 1,000 2,000 3,000 4,000 5,000

(1)	=	Arbitrage	only

(2)	=	(1)	+	Balancing

(3)	=	(2)	+	PV	support

(4)	=	(3)	+	Network	support

(5)	=	(4)	+	FR	provision

(6)	=	(5)	+	Capacity	market

Value	(£/kW)

Energy	Arbitrage Balancing PV	Support Network	Support FR Capacity	Payment

Flexibility- market design? 

National level 
services 

Local level 
services 

Value of storage in supporting system balancing 

2015 2030 

Share	of	Ancillary	Services		
From	1.5%	to	25%	

2015 2030   
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Frequency regulation 
challenge   

Storage increases the ability of the 
system to integrate intermittent RES 

High Flex 

No Flex Whole-System	
Costs	and	
compe''veness	
of	RES	driven	by	
by	system	
flexibility	
(storage)	
Market	design?	

WSCRES= LCOERES  System Integration 
Cost 

±  
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Size of the storage tank has a significant impact 
 for large volumes of deployed storage capacity  

Value of storage with different 
durations (operation costs)  

Avoiding	network	reinforcement	
with	energy	storage	

Demand	
growth	

?	

Demand	
Growth	

A	 B	

Fundamental	review	of	network	security	
standards:	Establishing	level	playing	field	is	cri'cal	
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Flexibility – key driver for cost effective 
evolution to low carbon energy system 

Flexibility –Storage and flexible demand 

Carbon	benefits	of	storage	

UK	scenario	

No	flexibility	

Flexibility/storage	=		
10	GW	less	nuclear	

Flexibility/Storage	=		
15	GW	less	offshore	wind	

14	
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Dealing	with	uncertainty	in	future	development:	where,	when	
and	how	much	to	invest?	into	what?	

? 

? 

Significant value in investing 
in flexibility to deal with 
uncertainty 

Present deterministic 
planning leads to 
investment strategies that 
may ignore energy storage 
and favour conventional 
investments 

Interconnection 
Demand 

Response 

Storage 
Flexible 

Generation  

Increasing asset 
utilisation and 
efficiency of 

operation 

Warning from 
economists: think 
about competition! 
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Challenges	
•  Technology:	reducing	costs,	improving	
performance	.	.	.			

•  Standards,	Markets	&	Policy	
– Network	planning	standards,	level-playing	field,	T&D	
services	

– Market	design	–	align	objecMves	of	industry	with	
objecMves	of	society	.	.	.		

– OpMon	value	.	.	.		
– RegulaMon,	business	models	.	.	

•  Significant	Increase	in	responsibiliMes	and	complexity	of	
system	operaMon	

•  Government:	role	of	storage	in	UK	low	carbon	energy	
future	–	turning	the	problem	into	opportunity	?	

Energy Storage for  
Low Carbon Grids 
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a game changer for the energy market 
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