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What to expect 

§  Something old,          (Storage) 

§  something new,         (DSR) 

§  something borrowed, (Flexibility) 

§  something blue,         (Peak demand) 

§  and a silver sixpence in her shoe (Data) 
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The displacement of conventional plant 

Page 3 Source: Transition Pathways Project Source: Jonathan Radcliffe (ERP) based on DECC 2050 pathway 

1) decarbonise 

2) electrify 



1: Build flexible generation and curtail excess supply 

2: Build expansive networks and enable spatial arbitrage 

3: Build physical electricity storage capacity 

4: Enable demand side flexibility to respond to supply 
 

Sources	
  of	
  flexibility	
  

Flexibility Responsive 

Network 

Storage 

Generation 

Consumption 
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Additional 
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[Electricity storage] promises savings on UK energy spend of 
up to £10bn a year by 2050 as extra capacity for peak load is 
less necessary. 
 

George Osborne, 9 November 2012 
 

 

Up to 30 new gas power stations will be 
needed by 2030 
 

George Osborne, 5 December 2012 
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The cost of meeting peak demand 

120 CHAPTER 5. TECHNO-ECONOMIC ANALYSIS
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Figure 5.4: Price duration curves for different levels of wind deployment.
Graph is capped at £1000/MWh. For high wind cases prices can reach up to
£10,000/MWh at peak hours.

An overview of the optimisation steps is given in Table 5.3. The computation times
refer to a 1.8 GHz Intel Core i5 processor with 4 GB 1.6 GHz DDR3 memory. Of these
four discrete optimisations the price uplift and gross value optimisation are dependent on
each other and both need to be solved for a given run. In some repetitive optimisations κ
values are recorded as a look up table. This avoids simultaneous solving of the combined,
higher dimensional, problem and thus speeds up the computation time from in excess of
10 minutes to less than 20 seconds per run.
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Price duration curve (1 year) 

3. Gross value of storage

3.1. Storage value increase with wind deployment
Intermittent generation increases the volatility of electricity prices, which adds to the

value proposition for storage. Figure 4 shows the increasing gross value of storage for the
base case scenario with increasing amounts of wind.
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Figure 4: Increase in gross value of storage with increasing wind deployment.
2 and 10 GW storage with 6 hour duration. Based on Grassroots 2030 scenario.

At present levels of wind the value is not sufficient to stimulate further investment,
and even at 16 GW of wind values do not increase substantially, yet. At 32 GW of wind
deployment, the gross value begins to exceed £100 per kW per year, which is roughly the
level of present technology options. With further expansion of wind capacity the value
increase begins to level out.2

The relative difference between the value of 10 GW and 2 GW storage reduces with
increasing levels of wind, pointing towards a larger market for storage. The effect of
diminishing value with increasing capacity is discussed in the following section.

3.2. Diminishing marginal value
Storage is often said to suffer from ‘self cannibalisation’: the more storage is installed

the less it is worth. Arbitrage levels prices, which diminishes its own value.

2Assuming excessive amounts of wind on the system leads to persistent oversupply of electricity, which—
if stored—can no longer be discharged, unless other plants are retired.
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increases the value of storage 
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SOURCES OF FLEXIBILITY 

§  (Flexible) generation 
§  (Smart) networks 
§  (Responsive) demand 
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Figure 42: Average and marginal values for bulk and distributed storage in 2030 across different scenarios. The 
marginal value is stable for most scenarios with the exception of flexible demand, which results in significantly 
reduced levels of deployment. (Results shown for 6 hours storage duration; for 24 hour and 48 hour results see 

the Appendix) 

 
The sensitivity of the value of storage to the presence of alternative solutions is shown in 
Figure 42. All cases originate from the base case scenario, which is in turn subjected to 
specific changes in the level of interconnection with neighbouring energy systems, flexibility 
in generation, and the flexibility from the demand side. The average values again show that 
all scenarios with competing options reduce the average value of storage compared to the 
baseline Grassroots case. 
 
The effect on the marginal values is shown in the lower half of Figure 42. These show how 
much storage would be invested in at a given cost within an economically efficient system. 
The marginal values differ only slightly between the different scenarios, with the notable 
exception of flexible demand. 
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Figure 42: Average and marginal values for bulk and distributed storage in 2030 across different scenarios. The 
marginal value is stable for most scenarios with the exception of flexible demand, which results in significantly 
reduced levels of deployment. (Results shown for 6 hours storage duration; for 24 hour and 48 hour results see 

the Appendix) 

 
The sensitivity of the value of storage to the presence of alternative solutions is shown in 
Figure 42. All cases originate from the base case scenario, which is in turn subjected to 
specific changes in the level of interconnection with neighbouring energy systems, flexibility 
in generation, and the flexibility from the demand side. The average values again show that 
all scenarios with competing options reduce the average value of storage compared to the 
baseline Grassroots case. 
 
The effect on the marginal values is shown in the lower half of Figure 42. These show how 
much storage would be invested in at a given cost within an economically efficient system. 
The marginal values differ only slightly between the different scenarios, with the notable 
exception of flexible demand. 
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Figure 42: Average and marginal values for bulk and distributed storage in 2030 across different scenarios. The 
marginal value is stable for most scenarios with the exception of flexible demand, which results in significantly 
reduced levels of deployment. (Results shown for 6 hours storage duration; for 24 hour and 48 hour results see 

the Appendix) 

 
The sensitivity of the value of storage to the presence of alternative solutions is shown in 
Figure 42. All cases originate from the base case scenario, which is in turn subjected to 
specific changes in the level of interconnection with neighbouring energy systems, flexibility 
in generation, and the flexibility from the demand side. The average values again show that 
all scenarios with competing options reduce the average value of storage compared to the 
baseline Grassroots case. 
 
The effect on the marginal values is shown in the lower half of Figure 42. These show how 
much storage would be invested in at a given cost within an economically efficient system. 
The marginal values differ only slightly between the different scenarios, with the notable 
exception of flexible demand. 
 

 

Page | 71 

 Bulk Distributed 

Av
er

ag
e 

  

M
ar

gi
na

l 

  
 

 
Figure 42: Average and marginal values for bulk and distributed storage in 2030 across different scenarios. The 
marginal value is stable for most scenarios with the exception of flexible demand, which results in significantly 
reduced levels of deployment. (Results shown for 6 hours storage duration; for 24 hour and 48 hour results see 

the Appendix) 

 
The sensitivity of the value of storage to the presence of alternative solutions is shown in 
Figure 42. All cases originate from the base case scenario, which is in turn subjected to 
specific changes in the level of interconnection with neighbouring energy systems, flexibility 
in generation, and the flexibility from the demand side. The average values again show that 
all scenarios with competing options reduce the average value of storage compared to the 
baseline Grassroots case. 
 
The effect on the marginal values is shown in the lower half of Figure 42. These show how 
much storage would be invested in at a given cost within an economically efficient system. 
The marginal values differ only slightly between the different scenarios, with the notable 
exception of flexible demand. 
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Figure 42: Average and marginal values for bulk and distributed storage in 2030 across different scenarios. The 
marginal value is stable for most scenarios with the exception of flexible demand, which results in significantly 
reduced levels of deployment. (Results shown for 6 hours storage duration; for 24 hour and 48 hour results see 

the Appendix) 

 
The sensitivity of the value of storage to the presence of alternative solutions is shown in 
Figure 42. All cases originate from the base case scenario, which is in turn subjected to 
specific changes in the level of interconnection with neighbouring energy systems, flexibility 
in generation, and the flexibility from the demand side. The average values again show that 
all scenarios with competing options reduce the average value of storage compared to the 
baseline Grassroots case. 
 
The effect on the marginal values is shown in the lower half of Figure 42. These show how 
much storage would be invested in at a given cost within an economically efficient system. 
The marginal values differ only slightly between the different scenarios, with the notable 
exception of flexible demand. 
 

Marginal values: Strbac et al., Strategic Assessment of the Role and Value of 
Energy Storage Systems in the UK Low Carbon Energy Future. The Carbon Trust 
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Comparison between the original value of storage without the presence of DSR and the
reduced value for different DSR configurations is shown in Figure 5.19 on page 124. Demand
response, even when limited to a maximum of four hours, as shown here, has the potential
to significantly reduce the value of storage.

If the DSR capacity was 4 GW and responded to prices above £50/MWh, the gross value
of two-hour storage could reduce by over 50%. For longer storage duration, the reduction
at this price level is lower, as shown for the example of six-hour storage on the right in
Figure 5.19 on page 124. This could suggest that in some scenarios for DSR, storage would
adopt more long-duration roles, than those simulations here without any DSR consideration.
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Figure 5.19: Reduction in the value of storage as a result of demand response.
At a DSR resource of 4 GW and a response price of £50/MWh the gross value
of storage with a 2 hour duration can half. Longer storage durations are slightly
less affected. Example for 10 GW storage in base case scenario.

For higher response prices, less demand side response takes place and the reduction in
the value of storage is therefore less pronounced (darker bars in Figure 5.19).

As discussed above, neither the scope nor the cost for DSR are well understood today.
It is therefore not possible to conclude how much value reduction storage is likely to loose
to DSR. These findings show that DSR can have a profound impact on the value of storage,
which could in some cases jeopardise its commercial viability. In part, the strong competition
between DSR and storage is a result of their similarity. One stakeholder called them ‘two
sides of the same coin’.

5.6 Sensitivity and uncertainty

5.6.1 Parameter sensitivity

The commercial viability of storage hinges on a large number of model parameters and
assumptions. Some cases suggest that storage can become commercially viable with high

DSR 

capacity 

[GW]


Storage value reduction from DSR 
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Demand aggregation in the UK 

§  Collaboration with Kiwi Power 

§  Access to data for over 500 sites 
§  Half-hourly profile data (68 sites) 
§  Recorded response events (266 sites) 

§  Analysis of load profiles and load characteristics  
§  Distinct profiles demand a sector by sector approach 
§  Some sectors can not be generalised based on their profiles (e.g. 

manufacturing)  
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‘Demand response’ from stand-by generation 
(Telecoms sector) 
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4.1. Demand response from distributed generation
For sites with standby generators, their combined generation capacity often exceeds

their typical load levels. For forty sites, where the exact generator capacity is known, the
average generating capacity is 3.12 MW almost exactly twice their typical load available
during demand response periods of 1.57 MW.

Despite this ‘overcapacity’ it is in practice not always possible to achieve a 100% load
reduction. Figure 4 shows the observed load reduction for a range of sites from the com-
munications sector. All of these sites have stand-by generation capacity that exceeds their
typical load. The trial was performed without prior warning and gave participants 20
minuted to respond and hold their demand reduction for two hours.

While the sites with lower consumption during the request period perform well, some
of the higher load sites manage only partial reductions. This can have technical as well as
operational reasons. Nevertheless, across the 97 sites a substantial net-load reduction of
82% has been achieved. Given the load level reliability of this sector observed in the pre-
vious section, this value should represent a reasonable indicator for this type of consumer.
Figure 5 illustrates the distribution of responses, showing more than 75% responses being
achieved with high probabilities.

Figure 4: Stand-by generation responses to demand response requests in the telecom sector.
Sample of 97 sites.
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Figure 5: Distribution of load reduction (relative to baseline) during demand response trial
in the telecom sector.

4.2. Demand response from load shifting
Load turn down is arguably the more challenging form of demand response. The

primary mechanism by which consumers in this study responded to load shifting requests
was through shifting of thermal loads. Site surveys suggest that up to 60% of loads in offices
can be related to cooling requirements. Suspending these for several hours is possible in
some cases, before comfort levels for occupants begin to be compromised. The willingness to
subject workforces and customers to the possibility of discomfort varies between sectors and
sites. For some retail sites the prospect of causing discomfort to customers is unacceptable
and even temporary suspension of cooling appears a risk not worth taking. Other office
sites and hotels do engage in demand response, while ensuring that comfort levels are kept
within agreed bounds.

Figure 6 shows significant load reductions from hotels within the sample. It illustrates
the distribution of responses to a load reduction request. The peak of this distribution is
at around 25% load reduction, relative to the estimated baseline during this period. Only
very few instances show little or no response.

Contrasting the level of response between the stand-by generation and the turn down
response, shows that the former contributes larger and somewhat more tightly distributed
reductions. Stand-by generation may therefore be a favoured response mode, given its
effectiveness and reliability. In the next section we will therefore discuss how the demand
response resource from demand turn down could be enhanced.
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Figure 5: Distribution of load reduction (relative to baseline) during demand response trial
in the telecom sector.

4.2. Demand response from load shifting
Load turn down is arguably the more challenging form of demand response. The

primary mechanism by which consumers in this study responded to load shifting requests
was through shifting of thermal loads. Site surveys suggest that up to 60% of loads in offices
can be related to cooling requirements. Suspending these for several hours is possible in
some cases, before comfort levels for occupants begin to be compromised. The willingness to
subject workforces and customers to the possibility of discomfort varies between sectors and
sites. For some retail sites the prospect of causing discomfort to customers is unacceptable
and even temporary suspension of cooling appears a risk not worth taking. Other office
sites and hotels do engage in demand response, while ensuring that comfort levels are kept
within agreed bounds.

Figure 6 shows significant load reductions from hotels within the sample. It illustrates
the distribution of responses to a load reduction request. The peak of this distribution is
at around 25% load reduction, relative to the estimated baseline during this period. Only
very few instances show little or no response.

Contrasting the level of response between the stand-by generation and the turn down
response, shows that the former contributes larger and somewhat more tightly distributed
reductions. Stand-by generation may therefore be a favoured response mode, given its
effectiveness and reliability. In the next section we will therefore discuss how the demand
response resource from demand turn down could be enhanced.
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Figure 6: Distribution of load reduction (relative to baseline) during demand response trial
in the hotel sector.
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Untapped potential? 

§  Presently demand response plays a minor 
role in response provision. 

§  Although policy makers desire a “level 
playing field” for all options, generation 
based solutions have shaped the existing 
framework. 

§  Could the demand response contribution be 
improved through regulatory changes? 

Page 11 Based on: National Grid. 



Short	
  Term	
  Opera7ng	
  Reserve	
  (STOR)	
  	
  
 

Page 12 

•  “a	
  service	
  for	
  the	
  provision	
  of	
  
addi7onal	
  ac7ve	
  power	
  from	
  
genera7on	
  and/or	
  demand	
  reduc7on”	
  

•  3MW	
  or	
  more	
  of	
  genera7on	
  or	
  steady	
  
demand	
  Deliver	
  within	
  4	
  hours	
  from	
  
instruc7on	
  

•  Provide	
  for	
  at	
  least	
  2	
  hours	
  	
  
•  20	
  hours	
  recovery	
  	
  
•  Ability	
  to	
  provide	
  STOR	
  at	
  least	
  	
  
	
  	
  	
  	
  	
  	
  3	
  7mes	
  a	
  week	
  

Based on: National Grid. STOR Market Information Report 



What if conditions were relaxed? 
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Plato’s cave 
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Plato’s cave 
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Researchers 

Consumers 
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Conclusions 
 
•  Significant technical and commercial 

potential for various flexibility options 

•  Current regulatory structures favour 
generation based solutions 

•  A better understanding of demand 
response potential could be gained 
through a combination of empirical 
studies and detailed analysis 
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Thank you. 


