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1. EXECUTIVE SUMMARY 

Context 

Integration of demand side flexibility (DSF) is an important component of the European 

Union’s transition towards a low carbon economy.1 At the European Union level DSF is firmly 

grounded in the Electricity Directive2 and the Energy Efficiency Directive.3 

We recognise several kinds of demand side activities within the concept of DSF.  In this report 

we distinguish between implicit DSF and explicit DSF.  Implicit DSF is where customers 

respond to tariffs which vary by time.  Explicit DSF, often called demand side response (DSR), 

is where a customer makes an explicit change in demand in response to a signal, and is 

specifically rewarded for the demand change.  The distinction is blurred in the case of real 

time tariffs. 

Within this dichotomy, DSF takes several forms.  DSF may include demand change, time-

shifting demand, embedded generation, fuel substitution, and efficiency schemes.  It may also 

be distinguished by its purpose, its means of operation, and the speed and duration of 

response. In electricity DSF has distinctive values at different response times upwards of 

seconds, and relatively short durations of response.  Usually the shortest timescales of 

response require DSR, since implicit DSF does not usually operate at that level.  In gas useful 

response times and durations of response are longer since balancing takes place over a whole 

day. 

Flexibility of various forms delivers several valuable services in energy systems, such as 

reliability, and the efficient balancing of supply and demand.  DSF is one of several methods 

of delivering flexibility in energy markets, but DSF can have a comparative advantage over 

other sources of flexibility in delivering flexibility at particular timescales.  Like other kinds of 

flexibility, DSF can simultaneously provide several valuable services to energy markets and 

systems such as congestion management, peak-load shaving, and short-term balancing. 

The potential benefits of DSF in electricity 

Implicit DSF has the potential to reduce energy use and reduce the level of  peak demand, 

through greater efficiency in the use of energy.  Among smaller users, these benefits will most 

likely be facilitated by  the smart metering program which is being rolled out in most Member 

States (MSs). In Table 1.1, we summarise studies making estimates of the potential benefits 

from reliance on implicit DSF in the EU. 

                                                      
1 EC (2012a), Making the internal energy market work, COM(2012) 663 final, 15 November 2012. EC (2011), 
Energy Roadmap 2050, COM(2011) 885. 
2 EC (2009), Directive 2009/72/EC Concerning common rules for the internal market in electricity,. 
3 EC (2012b), Directive 2012/27/EU On energy efficiency 
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Table 1.1: Survey of estimates of benefits of implicit DSF in electricity, compared in €/kW/yr where 
possible 

 

Note: Abbreviations for Tables 1.1 and 1.2:  CBA – Cost Benefit Analysis, GB – Great Britain, PJM – PJM 

Interconnection, a US independent system operator, RES-E – Renewable electricity generation, ToU – 

(static) time of use tariff, yr – year 

Source Scope Metric Benefit Origin of benefit Comment

billion € NPV €23 billion 

NPV

Net smart metering 

benefits projected in 

CBA studies, including 

administrative savings, 

net of metering and 

operating costs

Total projected by CEPA from 

study result of €86 per 

metering point.  Many MSs 

appear to have been 

unambitious in relation to the 

uptake of DSF methods.

€/kW/year of 

peak demand

€3/kW/yr

A Faruqui, D Harris and R Hledik 

(2009), Unlocking the €53 

Billion Savings from Smart 

Meters in the EU , The Brattle 

Group

EU €/kW/year of 

peak demand

€2/kW/yr 

to 

€12/kW/yr

Gross energy and 

network benefits from 

smart metering, mostly 

implicit DSF, excluding 

administrative benefits 

and smart metering costs

In the low cases, a net loss is 

made after costs of metering 

and admin benefits.  Achieving 

the high case is contingent 

upon high level of consumer 

engagement.

Bradley P., M. Leach and J. 

Torriti (2013) A Review of the 

Costs and Benefits of Demand 

Response for Electricity in the 

UK

UK €/kW/year of 

peak demand

€6/kW/year Gross energy benefits 

from smart metering 

schemes, mostly implicit 

DSF, excluding 

administrative benefits 

and smart metering cost.  

Also includes resistive 

loss savings and 

environmental savings 

from CO2 abatement.

GB is the most optimistic of the 

EU MSs in relation to the 

overall financial benefits of it, 

albeit that energy reduction 

projections in the UK from 

smart metering are less than 

the 3% average of MSs' CBAs.

% peak load 

shift

1% to 10%

Gross energy savings 

(only), arising from 

assorted smart metering 

programs varying by MS.  

Includes demand 

reduction due to greater 

awareness of 

consumption, and other 

measures mostly likely 

to focus on implicit DSF.

Amount projected by CEPA 

from study result of average 3% 

energy saving.  This 3% is likely 

to apply to the newly metered 

customers, not the whole 

market. This level is consistent 

with greater awareness of 

usage and simple ToU tariffs.

EC COM(2014) 356, 

Benchmarking smart metering 

deployment in the EU-27 with a 

focus on electricity

EU
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Table 1.2: Survey of estimates of benefits  of explicit DSF in electricity, compared in €/kW/yr 

 

Source Scope Metric Benefit Origin of benefit Comment

Capgemini (2008), Demand 

Response: a decisive 

breakthrough for Europe

EU-15 €/kW/yr of 

peak 

demand

up to 

€60/kW/yr

Net benefits of DSF, from all 

kinds of schemes, explicit 

and implicit, to 2020

Inconsistent with the results of other 

studies.

Source:  Booz & Company 

(2013), Benefits of an 

Integrated European Energy 

Market

EU 

(approx)

€/kW/yr of 

peak 

demand

€6/kW/yr 

to 

€10/kW/yr

Net benefits of DSR to 

balance supply and demand 

to 2030, taking into account 

a fully integrated market 

with optimal 

interconnection

Much greater savings potential if full 

market integration and optimal 

interconnection levels are delayed

EWI (2012), Flexibility options 

in European electricity markets 

in high RES-E scenarios

EU 

(approx)

% of peak 

demand in 

2050

10% Potential size of explicit 

DSR resource by 2050, 

employed to balance supply 

and demand in a future high 

wind low carbon future

The 10% is intended to be an 

achievable level based on a 

potential level of 18%.  Can be 

compared with the 10% demand 

resources already available in some 

parts of the USA.

H Gils (2014), Assessment of 

the theoretical demand 

response potential in Europe , 

Energy 67 (2014) 1-18

Europe 

(broader 

than EU)

% of peak 

demand

14% Potential size of the explicit 

DSR resource

Total potential size, without regard 

for a trajectory of achievability as in 

EWI (2012)

dena (2010), Grid Study II – 

Integration of Renewable 

Energy Sources in the German 

Power Supply System from 2015 

– 2020 with an Outlook to 2025

Germany €/kW/yr of 

peak 

demand

€6/kW/yr Net system benefit of 

explicit DSR to balance 

supply and demand, mainly 

from avoiding capital costs 

of flexible plant and T&D, 

and reducing wind 

curtailment

Amount projected by CEPA from 

€500m/year total in study.  Study 

assesses appropriate amounts of DSR 

against other sources of flexibility, 

capped by available amount.

S Feuerriegel and D Neumann 

(2014), Measuring the financial 

impact of demand response for 

electricity retailers , Energy 

Policy 65, 359–368

Germany % reduction 

in average 

cost of 

energy

€12/kW/yr Some net benefits of 

explicit DSR to balance 

supply and demand

Implausible quantity of DSR resource 

by comparison with other studies, 

and only partial estimate of benefits

Bradley P., M. Leach and J. Torriti 

(2013) A Review of the Costs and 

Benefits of Demand Response for 

Electricity in the UK

UK €/kW/yr of 

peak 

demand

€0.5/kW/yr 

to 

€19/kW/yr

Net benefits of explicit DSR 

to balance supply and 

demand, and reduce or 

eliminate involuntary 

curtailments

The value in balancing supply and 

demand mostly arises as wind power 

grows from its present level, which 

GB currently has sufficient flexibility 

to cope with.  No estimate was made 

of what proportion of customer 

involuntary curtailments DSR could 

practically avoid.

Imperial College London (2012), 

Understanding the Balancing 

Challenge , Study for 

Department of Energy and 

Climate Change

UK €/kW/yr of 

peak 

demand

€1/kW/yr 

to 

€92/kW/yr

Net benefits of explicit DSR 

to balance supply and 

demand in the context of 

high intermittency in 

generation and 

decarbonisation of energy 

usage

Makes clear that if other flexibility 

technologies are thoroughly used, 

the value of DSR can be low, though 

also dependent upon other factors.  

DSR becomes exceedingly valuable 

for balancing if those other sources 

of flexibility are restrained, or in 

particular demand conditions.

€/kW/yr of 

peak 

demand 

(gross)

€0.5/kW/yr 

to 

€6.4/kW/yr

€/kW/yr of 

peak 

demand 

(normalised)

€0.7/kW/yr 

to 

€1.5/kW/yr

The normalised amount compares 

the above on the basis of a 10% take-

up of DSR, and corrects for some 

other study differences

Brattle Group (2007), 

Quantifying Demand Response 

Benefits In PJM

PJM 

(part), 

USA

€/kW/yr of 

peak 

demand

€1.2/kW/yr 

to 

€2.4/kW/yr

Net benefits of explicit DSR 

delivering a 3% reduction in 

peak demand

In practice the DSR resource 

available to some US markets is up to 

10% of their peak demand

US Department of Energy 

(2006): Benefits of demand 

response in electricity markets 

and recommendations for 

achieving them

USA 

(various 

zones)

Net benefits of explicit DSR 

to balance supply and 

demand, as found collated 

from seven studies of 

prospects for DSR
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MSs have come to different views of the scope for energy savings, and the value of that, from 

smart meters in their own countries.  The average energy saving is 3% of affected demand, 

implying a simple resource cost saving of €3/kW/yr of peak demand (which would imply 

€1.5bn/yr applied across the EU).  GB has found that the value of the energy saving would be 

worth €6/kW/yr in Great Britain,4 (which would imply €3bn/yr if replicated across the EU), 

even though GB projects only a 2.2% energy saving.5  This implies that GB found a wider range 

of wider benefits from this energy saving than others.  Including those wider costs and 

benefits which MSs took into account, some MSs have not found a cost/benefit case for 

universal smart metering.6  Broader estimates of the potential benefit of implicit DSF range 

up to €12/kW/yr (€6bn/yr if replicated across the EU), which is consistent with the findings of 

some metering trials using stronger incentives. 

In Table 1.2, we summarise various attempts to quantify the benefits of explicit DSF in varying 

contexts.7  In the shorter term its greatest value is likely to lie in delivering reliability. In some 

USA markets where relatively large quantities of demand side resource are provided, they are 

largely purchased through capacity mechanisms.  Studies focusing on this, summarised in 

Table 1.2, indicate possible net benefits in the range of €0.5/kW/yr to €2/kW/yr (which would 

imply €0.25bn/yr to €1bn/yr if achieved across the EU).  

In the longer term, the EU is going through a major process to decarbonise its energy usage.  

This development poses two major challenges: 

 Significant penetration of relatively inflexible low carbon generation technologies will 

considerably reduce the efficiency of the demand-supply balancing task, if delivered, 

as now, mainly by generation and storage. 

 Electricity load growth may result from decarbonising applications such as transport 

and space heating which currently mainly use fossil fuel.  This is also likely to increase 

the peak demand relative to off-peak, reducing the utilisation of generators and the 

network.  

Developments in Germany show that with a large stock of intermittent generation, price 

differences between demand peak and off-peak periods can become small, and volatility is 

more driven by variability of supply.  Thus networks built to be highly adequate to balance 

peak/off-peak demand variations using relatively reliable supplies become much less 

                                                      
4 See EC COM(2014) 356 as quoted in Table 1.1.  This is the energy effect excluding the costs of smart metering 
and the administrative benefits of smart metering such as remote reading and (dis)connection. 
5 EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the EU-27 at Fig 9. 
6 Belgium, the Czech Republic, Germany, Latvia, Lithuania, Portugal, and Slovakia.  Three states have not 

reported at date of EC COM(2014) 356. 
7 During the proofing period of this report, DG-ENER published KEMA, Imperial College and NERA (2014), 
Integration of Renewable Energy in Europe.  It reports the result of modelling two scenarios (low and high) for 
the increased use of explicit DSF, to estimate the potential savings in the costs of additional transmission capacity 
needed in the EU by 2030 for renewables integration.  This resulted in an estimate of around €10 billion to €15 
billion per year (€20/kW/yr to €30/kW/yr).  The model result is shown only in graphical form at Fig 129 of that 
report, hence the approximate nature of the figures reported here. 
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adequate for balancing in the presence of large quantities of intermittent supplies.  Static 

time of use (ToU) tariffs contribute little to managing this situation.  But DSR can increase the 

ability of the system to integrate low carbon generation, while reversing the trend of 

degradation in infrastructure utilisation.  With a sharper peak, energy efficiency is also 

important to improve utilisation, which is under-rewarded by users’ own energy cost savings, 

as already recognised by the participation of efficiency schemes in capacity markets in the 

USA.   

The future financial benefits of DSR are more uncertain.  DSR competes with electricity 

storage, higher flexibility generation, and interconnection to provide flexibility services. The 

value of DSR depends upon the cost and usage of these other sources of flexibility.  

Developments in wind forecasting will also affect the value that demand flexibility services 

can provide. 

Estimates of the financial benefits of DSR in this future vary widely because of these 

uncertainties. Lower amounts (€6/kW/yr to €10/kW/yr by 2030, or €3bn/yr to €5bn/yr for 

the EU) have been found where substantial other sources of flexibility are assumed to be 

added to the system.  Much higher values (up to €92/kW/yr by 2050 in Great Britain, which 

would imply €45bn/yr if replicated across the EU) have been exhibited where such other 

sources of flexibility are not increased. 

The potential for DSF solutions in gas 

The potential for implicit DSF is more limited in gas than in electricity at present.  Smart gas 

meters are obtaining a relatively limited roll-out, providing additional implicit DSF 

opportunities in only some MSs, because only a minority of MSs found a financial case for 

them.  Since gas is balanced at a daily timescale, customers need to shift demand at such 

timescales to provide useful balancing.  In major applications such as space heating and water 

heating there is limited opportunity for shifting on a useful timescale. 

There is a long experience of using shipper-mediated interruptible contracts in gas.  But 

increased access to liberalised gas markets and potential for re-trading their contracted gas 

offers larger customers a more efficient route to market to obtain value from their flexibility 

than through shipper-mediated interruption. 

There is a potential for explicit DSF mediated by the system operator (SO) to be useful in 

increasing system reliability in demand or supply emergencies, and reducing the cost of 

managing network congestion, albeit demand for this type of flexibility has been reduced in 

recent years by falls in the demand for gas creating relatively high network reliability. The cost 

of using storage services8 is relatively low compared to the estimated value of lost load of the 

great majority of potential DSF providers, beyond those who might already regularly take 

interruptible service to assist in managing seasonal variation.  It is therefore likely that DSR’s 

                                                      
8 See DG TREN (2008), Study on natural gas storage in the EU, October 2008 
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value is greater in managing rare supply events and network congestion, whereas storage is 

more economical for managing more frequent events.    The cost of multi-annual storage does 

not compare so favourably against the cost of buying wholesale gas in the market,.  But the 

ability to buy additional gas when required to respond to supply emergencies is dependenton 

the ability to obtain additional delivery on a rapid timescale which in an emergency could be 

exacerbated by infrastructure constraints.  One major purpose of storage and DSF is to 

manage the lack of ability to buy in gas, whether due to lack of landing capacity or inability to 

obtain rapid delivery. 

As greater quantities of intermittent generation are integrated by the electricity system, there 

are occasionally surpluses of cheap electricity which may need to be curtailed.  The use of 

hybrid devices which can substitute electricity for gas can use this cheap surplus electricity 

and avoid burning gas.  The greater need for flexible generation to balance intermittent 

sources may also increase the gas demand peak, and increase the value of DSR to facilitate 

those peak demands.  We have not presented a summary table of estimated savings from the 

use of DSF in gas, as insufficient estimates have been made for such a summary. 

Case studies of DSF in electricity 

We have carried out case studies comparing developments in Denmark, Germany and Great 

Britain (GB).  These indicate that each country has different requirements for sourcing 

additional flexibility, and also that each country is pursuing distinct policies.   

Denmark is a small market with external interconnections unusually large for its market size, 

allowing it easily to import flexibility, and able to provide sufficient flexibility to integrate its 

large wind sector.  Its DSF arrangements are focused on combined heat and power schemes. 

GB is a large market with relatively small connections to external sources of flexibility.  Its 

available sources of flexibility have largely been adequate to date, but rapid growth in wind 

power will present a more urgent requirement to increase the sources of flexibility in the near 

future.  GB is taking steps to recruit DSF, through its participation in auctions of emergency 

flexibility and on-going steps towards the construction of a capacity market where demand 

resources will be able to participate. 

Germany is large market with better connections to external sources of flexibility than the 

UK.  Its already large intermittent power sector is placing stress on its available sources of 

flexibility, with the peak/off-peak price difference now small, and price volatility more due to 

intermittency of  generation.  In the shorter term, it already has the greatest need for 

additional flexibility of the countries studied.  This appears to present an opportunity to 

recruit additional DSF, which Germany makes less use of than France and GB.  A capacity 

market is now being considered.  Germany has not decided upon a full roll-out of smart 

meters, as the cost-benefit case was negative, so apparently the potential flexibility of the full 

domestic sector is not yet seen as worthwhile source of flexibility.  
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State of play 

We have surveyed the national regulatory authorities of the MSs on DSF for electricity and 

gas. There is a significant variation in the penetration of DSF across the MSs. Demand side 

flexibility is more common for electricity than for gas.  In general, countries that have schemes 

in place already or are currently planning to implement such measure, have a relatively higher 

quantity of energy consumption. 

Not all national regulatory authorities have responded to our questionnaire. For MSs who 

have not responded to our survey, the data is based on research from publicly available 

sources. Where data is not available or ambiguous we have used conservative estimates, 

which potentially underestimate the penetration of demand side flexibility. 

Here we present results from the survey weighted by energy total consumption per Member 

State. 

Survey results – Electricity 

There is a significant variation in the penetration of demand side flexibility for electricity 

across the MSs. 

Time-based supply tariffs are available to all categories of consumers in 90% of MSs. These 

tariffs are used more frequently by large and medium consumers than for residential 

consumers (commonly used in 55% and 45% of MSs respectively). 
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Figure 1.1: Time-based electricity supply tariffs by customer group 

          

 

Note:  Where we have no response, we have marked the country with cross-hatching in the colour of 

our best estimate of what the response should be. 

Based on this we have estimated that time based metering supply tariffs are available, in 

principle, to 92% of EU customers, assuming that “occasional” implies that it is in principle 

available in those countries.  The most common type of time-based tariff are on/off peak 

supply tariffs, which are commonly available in 60% of MSs.  MSs where on/off-peak tariff are 

common account for approximately 80% of total electricity consumption. Time-based 

network tariffs are less common than time-based supply tariffs, but still commonly used in 

45% of MSs.  On/off peak tariffs are again the most common form of time-based network 

tariff variation. 

The survey responses also covered demand side participation in wholesale and balancing 

markets. In addition to MSs where participation is already possible, a significant number of 

MSs stated that they are currently developing plans for demand side participation in these 

markets. 

In over 50% of MSs demand response can already participate in the wholesale market while 

participation is planned to be introduced in another 30%. However, participation is not always 

on equal basis with generation and still not always possible via demand side aggregators 

(possible or planned in 65% and 70% of MSs respectively). 

Malta

Cyprus

Malta

Cyprus

Large customers Residential customers 
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The picture for demand side participation in balancing markets is broadly similar. Participation 

is possible or planned to be introduced in 55%, respectively 40%, of MSs. The participation on 

equal basis with generators is possible in nearly 50% and via aggregators in 35% of MSs. The 

opportunity for participation via aggregators is therefore relatively lower than for the 

wholesale market. 

Figure 1.2: Demand participation in balancing energy markets (% of Member States)9 

 
 Existing Planned None 

Participation in 
balancing markets 

AT, BE, CZ, DK, FI, FR, 
HU, IE, NL, PL, RO, SI, SE, 
UK 

DE, IT, ES BG, HR, CY, EE, EL, LV, 
LT, LU, MT, PT, SK 

On equal basis to 
generation 

CZ, DK, EE, FI, FR, HU, 
ES, SE, UK 

AT, BE, DE, IE, PL BG, HR, CY, EL, IT, LV, LT, 
LU, MT, NL, PT, RO, SK, 
SI 

Participation of 
aggregators 

BE, DK, FR, NL, UK AT, DE, HU, IE, PL BG, HR, CY, CZ, EE, FI, EL, 
IT, LV, LT, LU, MT, PT, 
RO, ES, SE, SK, SI 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

Demand side resources can participate in the market for balancing reserves in 40% of MSs, 

with another 20% currently developing plans for participation. Participation is mostly on equal 

basis with generation. Participation is most common and most commonly planned to be 

introduced in the markets for secondary and tertiary reserve, but closely followed by the 

market for primary reserves. Participation in the reserve markets via aggregators is possible 

in 50% and planned to be introduced in another 10% of MSs. 

                                                      
9 Country codes are listed in an annex. 

0% 20% 40% 60% 80% 100%

Aggregators supply Demand Resource

Participate on an equal basis to generation

Participation in balancing markets

Existing Planned
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Figure 1.3: Demand participation in capacity remuneration mechanisms (% of Member States) 

 

 Existing Planned None 

Capacity 
mechanism in 
place 

BE, EL, IE, PL, ES, SE FR, IT, UK AT, BG, HR, CY, CZ, DK, 
EE, FI, DE, HU, LV, LT, 
LU, MT, NL, PT, RO, SK, 
SI 

Participation in 
capacity 
mechanism 

BE, SE FR, IE, IT, UK AT, BG, HR, CY, CZ, DK, 
EE, FI, DE, EL, HU, LV, LT, 
LU, MT, NL, PL, PT, RO, 
SK, SI, ES 

On equal basis to 
generation 

SE BE, FR, IE, UK AT, BG, HR, CY, CZ, DK, 
EE, FI, DE, EL, HU, IT, LV, 
LT, LU, MT, NL, PL, PT, 
RO, SK, SI, ES 

Participation of 
aggregators 

BE, SE FR, IE, UK AT, BG, HR, CY, CZ, DK, 
EE, FI, DE, EL, HU, IT, LV, 
LT, LU, MT, NL, PL, PT, 
RO, SK, SI, ES 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

Only nine of the 28 MSs have a capacity remuneration mechanism (CRM) in place while 

another three are planning some form of CRM. When weighting the responses by energy 

consumption, approximately 40% of MSs are in the planning stage while 10% already have a 

CRM with demand side participation. The share of CRMs still under development, is larger for 

CRMs than for other wholesale, balancing and balancing reserve markets. The CRMs in the 

MSs are at different stages of development, and details may still change as the schemes are 

being developed. Participation on equal basis with generation and via aggregators is possible 

or planned in about half of the countries with plans for a capacity market.  

The respondents pointed out a number of other options for explicit demand side 

participation, which are already used or currently under development in the MSs in addition 

0% 20% 40% 60% 80% 100%

Aggregators supply Demand Resource

Participate on an equal basis to generation

Participate in the Capacity Remuneration Mechanism

Capacity Remuneration Mechanism Present

Existing Planned
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to participation in wholesale market, balancing market and balancing reserves. These other 

options included, for example, programmes led by the distribution network operators. 

Depending on their type, demand side resources can participate in at least one mechanism in 

30%-60% of MSs. 

Survey results – Gas 

Demand side flexibility is less common for gas than for electricity. The availability and take-

up of time-based gas supply tariffs varies significantly between consumer classes. Time-based 

supply tariffs are common for large consumers in 45% of MSs. They are also available to 

medium consumers but commonly used only in 10% of MSs. For residential consumers time-

based supply tariffs are available in 10% of MSs where they are common but not universal. 

The most common type of time-based tariffs are seasonal gas supply tariffs. A range of other 

supply tariff types exist including day-of-week and on/off peak tariffs. 

Figure 1.4: Time-based gas supply tariffs by customer group 

         

 

Time-based network tariffs are less common than time-based consumption tariffs. They are 

commonly used in less than 25% of MSs, mainly by large and medium consumers and less 

often by residential consumers. Seasonal network tariffs are the most common form of time-

based network tariff variation. Other types of time-based tariffs are used in only a few MSs. 

The national regulatory authorities further reported on the use of interruptible contracts in 

the MSs. There is a diverse variety of arrangement for interruptions and reductions in place 

Large customers Residential customers 
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across the MSs. The most common types are reductions and interruptions called directly by 

the distribution system operator (DSO) or transmission system operator (TSO), which are 

available in 50% of the MSs. Interruptions called by suppliers are available in 20% of MSs, 

while the potential participation of aggregators is reported in just one Member State (Italy).  
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2. INTRODUCTION 

Cambridge Economic Policy Associates (CEPA), Imperial College London (ICL) and TPA 

Solutions (TPA) are pleased to submit this Proofed Final Report to the Agency for the 

Cooperation of Energy Regulators (ACER) in relation to the EU Energy Market Study ‘Demand-

side Flexibility’ ACER/OP/DIR/08/2013/LOT 2/RFS 02. 

2.1. Study aims  

The aims of this study are, summarising the terms of reference, in the case of electricity, to: 

 present potential benefits of demand side flexibility (DSF); 

 report on the current state of play in Member States (MSs); 

 describe the experiences of three different MSs; and 

 suggest regulatory measures to reduce barriers to emergence. 

In the case of gas, to: 

 report on the current state of play in Member States; 

 assess the potential of demand-side management solutions; and 

 suggest (regulatory) measures that could facilitate realising the potential. 

The key methodological steps in the delivery of the report include: 

 A literature survey. 

 A survey of regulators. 

 Case studies. 

 Analysis of the survey and other materials. 

2.2. Study progress 

This is the Final Version of the Proofed Final Report, following a final proofing of the Final 

Report of 28 July 2014.  It makes no material change to the Final Report of 28 July 2014, 

beyond changes to achieve consistency of wording and clarification of explanations in some 

cases. 

2.3. Progress of survey of regulators 

The survey of regulators was issued at the beginning of June, having been agreed with ACER.  

We include the survey questionnaires as annexes to this report.  To facilitate rapid response 

and objective response, the questionnaires have been constructed without the need for 

wordy answers, albeit with a small number of quantification questions.  Additionally, the 

questionnaires were pre-completed by the researchers on the basis of available information, 
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and respondents were asked to confirm their correctness or modify them as necessary, 

further to facilitate easy response and objective analysis of those responses.  Responses were 

requested by 16 June, and we stated we will assume our pre-completions are correct in the 

absence of any corrections.  Reminders were sent out in all cases of non-response on 23 June, 

making clear the deadlines for completion of the Draft Final Report.  In accordance with our 

stated methodology, we had also earlier sent out earlier selective reminders for responses 

we believed were more significant.  Two further reminders were sent out after the Draft Final 

Report.  We offered to discuss the survey with respondents  by telephone, but this option was 

not taken up in any case.  Few respondents have completed the quantification questions.  The 

survey was treated as complete at 21 July 2014, when an updated draft final report was 

issued, and allowing time to make final adjustments by 28 July 2014 when this report is issued. 
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3. CONTEXT 

3.1. Institutional context 

Integration of demand side flexibility (DSF) is an important component of the European 

Union’s transition towards an integrated internal energy market.10 On the European Union 

level demand side flexibility is firmly grounded in the Electricity Directive11 and the Energy 

Efficiency Directive.12 The demand side aspects of the two directives are summarised, for 

example, in EC SWD (2013) 442.13 The transposition into national legislation is currently taking 

place and progresses at different pace in the Member States. 

Initiatives to explore, facilitate and promote DSF are being promoted by cross-European 

institutions that participate in the development of the internal market in energy.  The smart 

metering program being encouraged by the EC is part motivated because of the role that DSF 

can play in facilitating energy efficiency and market integration objectives.14  The Council of 

European Energy Regulators (CEER) has carried out surveys of the use and progress of DSF,15 

and consulted on its best use and facilitation.16  The development of network codes to 

facilitate the internal energy market takes account of the desirability and requirements for 

DSF.17  The Agency for Cooperation of Energy Regulators also takes similar account in its 

activities both in relation to network codes and more broadly.18  The European Commission 

Joint Research Centre (JRC) published an extensive overview of smart grid project in Europe, 

which contain almost 400 smart grid and smart metering projects and pilot studies.19 In April 

2014 the Smart Energy Demand Coalition (SEDC), an industry association, published an 

update of its view on progress towards market access for demand side aggregators in 

                                                      
10 EC (2012a), Making the internal energy market work, Communication from the Commission to the European 
Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions, 
COM(2012) 663 final, 15 November 2012.  
EC (2011), Energy Roadmap 2050, Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions, COM(2011) 885 
final, 15 December 2011. 
11 EC (2009), Directive 2009/72/EC of the European Parliament and of the Council concerning common rules for 
the internal market in electricity, 2008/72/EC, OJEU, 13 July 2009. 
12 EC (2012b), Directive 2012/27/EU of the European Parliament and of the Council on energy efficiency, OJEU, 
25 October 2012. 
13 EC SWD(2013) 442 , Incorporating demand side flexibility, in particular demand response, in electricity 
markets, Commission Staff Working Document, , 5 November 2013. 
14 EC COM(2011) 202, Smart Grids: from innovation to deployment 
15 CEER (2011), Advice on the take-off of a demand response electricity market with smart meters, Ref.C11-RMF-
36-03.  ERGEG and CEER (2011), Summary of Member State experiences on cost benefit analysis (CBA) of smart 
meters, Ref: C11-RMC-44-03.   
16 CEER (2013), Regulatory and Market Aspects of Demand-Side Flexibility, C13-SDE-38-03 
17 ENTSO-E (2013), Implementation Guideline For Network Code “Demand Connection” 
18 ACER (2014), Energy Regulation: A Bridge to 2025 
19 European Commission Joint Research Centre (2013), Smart Grid projects in Europe: Lessons learned and 
current developments – 2012 update, JRC Scientific and Policy Reports, 2013. 
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Europe.20 The SEDC finds limited opportunities for demand side flexibility in a majority of 

Member States and identifies a range of regulatory barriers.  

Prior to and in parallel to the developments at EU level, several Member States have already 

gathered experience with demand side flexibility programmes. For example, Capgemini found 

in a 2008 survey of 13 of the EU-15 Member States that 40% of electricity distribution system 

operators (DSO) were already involved in demand side activities of some form.21  As part of 

their own demand side flexibility programmes, energy companies and national regulatory 

authorities have produced surveys of international best practice and existing pilot projects. A 

recent example is a report on demand side flexibility in the UK by Element Energy, which 

contains a review of experiences from Europe, the USA and Australia.22 

The EU target for integration of renewables into the internal energy market23 is an important 

factor regarding both classes of benefits from demand side flexibility. Renewable energy 

sources, in particular electricity from solar and wind, can provide energy at low marginal costs 

but only at certain times. Furthermore, the integration of intermittent renewable energy 

sources will increase system volatility which requires increased reserves for balancing 

services. DSF can also reduce the cost of meeting the EU carbon objectives where it enables 

a higher contribution of intermittent renewable energy towards total demand without 

additional expenditure for fossil-fuel based reserve capacity. 

There is therefore widespread agreement on the qualitative role of DSF for potential 

efficiency improvements in the electricity market, and many international initiatives to 

identify in more detail its role and facilitate it through harmonised arrangements.  

3.2. Demand side flexibility: typology and purpose 

In the present report, we recognise several kinds of demand side activities encompassed by 

the concept of DSF.  One key distinction we will routinely make is between implicit DSF and 

explicit DSF. 

Implicit DSF encompasses response by customers to tariffs, whether supply or network tariffs, 

which vary by time.  Within such time varying tariffs, we will distinguish: 

 Time of use (ToU) tariffs. We will use this term to imply static (as opposed to real time) 

ToU tariffs which vary in a way which was set well in advance, typically on a planning 

horizon of the order of a year, to represent expected variations in demand and supply 

conditions, or network conditions, over periods during the year ahead.  They might 

vary by time of day, day of week, or season of year, or several of these. 

                                                      
20 SEDC (2014), Smart Energy Demand Coalition, Mapping Demand Response in Europe Today, April 2014. 
21 Capgemini (2008), Overview of Electricity Distribution in Europe, 2008. 
22 Element Energy (2013). 
23 EC (2010), Energy 2020 – A strategy for competitive, sustainable and secure energy, Communication from the 
Commission to the European Parliament, the Council, the European Economic and Social Committee and the 
Committee of the Regions, COM(2010) 639 final, 10 November 2010. 
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 Real time pricing (RTP).  RTP varies in real-time response to demand and supply 

conditions. 

 Critical peak pricing (CPP).  This is where charges (or rebates) are made in relation to 

the customer’s usage specifically during the busiest periods of the year, which in some 

arrangements is not clear until after the season is complete. 

Such tariffs are capable not only of communicating scarcity in the supply of energy, on 

different time-scales, but also the stress on transmission and distribution networks.24 

Generally speaking only the largest energy customers participate in markets that expose them 

to the prices that reflect the immediate scarcity of energy and network congestion.  Most 

customers are exposed only to static tariffs, often constant prices year round, or only a small 

number of variations by time, and rarely real time tariffs.  In part this has been due to the 

metering technology often considered appropriate to their situation, but the cost of more 

sophisticated metering has now fallen.  In part it may be because it has been considered 

desirable that such customers are in need of protection from much volatility in the price, 

because it may be judged, either by the customer themselves or by an external authority, that 

they may not have the attention or sophistication to respond to it.  More customers may now 

tolerate more volatility because of improved communication methods to make them aware 

of it, and cheaper automated means of responding to it. 

Implicit DSF thus implies more customers become exposed to more sophisticated tariffs, 

which typically would aim more closely to match the resource balances and constraints in the 

market, whether supply or network.  Such tariffs would therefore guide the customer’s 

demand more in line with the resource and/or network situation than the simpler tariff it 

replaced.  Nevertheless many tariffs which might be characterised as initiatives in implicit 

DSF, especially static ToU tariffs, may be only very simplified approximations towards the 

underlying market. 

Explicit DSF encompasses arrangements where a customer makes an explicit change in 

demand in response to an explicit request, and is specifically rewarded for the demand 

change.  For the present purposes, we will use the term demand side response (DSR) for 

explicit DSF.  The change in demand may encompass a reduction in demand, or (less 

commonly) an increase, or else a delay or advancement of some usage.  It may also include 

embedded or distributed generation.25 

                                                      
24 For example, in the market coupling institution which is becoming common for cross-border markets in the 
EU, price differences between zones reflect congestion on the interconnectors between them. 
25 Embedded generation is generation which is embedded within customer facilities.  Generally speaking to be 
treated as part of the generation market, generators need to be directly connected to the high voltage system 
managed by the system operator; generation connected at distribution level is more generally termed 
distributed generation.  Because distributed generation does not have direct access to the energy markets 
accessed by other generators, it may be colloquially therefore be described as being “behind the fence”, ie, 
excluded from the main generation markets.  Nevertheless, in some countries there are substantial prices paid 
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There are several ways in which DSR might be accomplished, and Conchado and Linares 

(2010)26 present a useful typology of DSR programs according to the alternatives which may 

apply to various details of the program, which we show in Figure 3.1.  Their typology 

subsumes the implicit/explicit distinction we use here.  Under what they term the “motivation 

method”, motivation by time-based rates is what we here call implicit DSF.  Although this 

typology was devised specifically to apply to electricity, it can in principle apply to gas also, 

although in practice such a rich typology of DSR has not been implemented in gas.  We will 

explore the value of different types and purposes of DSR as we proceed. 

Figure 3.1: One typology of DSF programs 

 

Source:  Based on A Conchado and P Linares, The Economic Impact of Demand-Response on Power 

Systems, A Survey of the State of the Art, Economics for Energy Working Paper WP02/2010 

Thus we see according to this typology that the immediate purpose of DSR may, in one 

dimension, be either reliability (the avoidance of involuntary curtailment of customers) or 

economics (worthwhile amounts of money can be saved).  The trigger can either be an 

“emergency” (a system condition) or a price (a market condition).  The signal to the customer 

to change their demand can originate in the system, or in the market.  The signal to the 

customer can either be a load change request, or communicate a price.  The demand response 

can either be direct (controlled by the signal), or passive (the customer retains control of his 

response).  Some of these dichotomies are in practice likely to be correlated. 

Another typological distinction in DSF is the time horizon over which the signal inviting 

response is made.  In Figure 3.2, taken from DoE (2006),27 and directly applicable only to 

electricity, they exhibit the typology by time horizon for both implicit DSF (upper part, termed 

“price-based response”) and explicit (lower part, termed “incentive-based response”) DSF. 

                                                      
for embedded generation, and other local generation, of renewable energy via “Feed-in tariffs” (FITs).  Where 
FITs apply, it becomes inappropriate to treat that generation as DSR. 
26 A Conchado and P Linares, The Economic Impact of Demand-Response on Power Systems, A Survey of the State 
of the Art, Economics for Energy Working Paper WP02/2010 
27 US Department of Energy (2006): Benefits of demand response in electricity markets and recommendations 
for achieving them, February 2006 

Table 1:  Categorisation of Demand Response programs

Classification

Purpose Reliability Economics

Trigger factor Emergency-based Price-based

Origin of signal System-led Market-led

Type of signal Load response Price response

Motivation method Incentive based Time-based rates

Control Direct load control Passive load control

Alternatives
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Figure 3.2: Varying Roles of DSF in the Electricity System by Time Horizon 

 

Source:  US Department of Energy (2006): Benefits of demand response in electricity markets and 
recommendations for achieving them, February 2006, p. 14 

Thus we see that balancing in electricity takes place over different time horizons, reflecting 

the different abilities of both customers and suppliers to respond at different time-scales, and 

the value to the system of making arrangements to secure balancing over different 

timescales. 

In the gas market, the right hand end of the above figure does not apply, since gas is balanced 

over the course of a day.  Whilst the requirement for demand or supply changes to secure 

balancing or respond to network congestion may need to be communicated within hours, 

unless response has sufficient duration, it will not be of much assistance for gas balancing. 

This is because the gas distribution system for the most part caters for imbalances over 

periods shorter than a day without explicit action needed by suppliers and customers.  Real 

time gas tariffs tend to vary by the day, and not usually by shorter periods,28 and DSF, both 

implicit and explicit, can be organised over longer periods.  Long term storage of gas is also 

much more practical and cheaper than electricity, which reduces volatility in the price and 

supply situation from day to day.  To the extent that DSF in both gas and electricity is a 

substitute for storage, albeit not in all aspects, in particular not in relation to network 

capacity, the cost of storage is an important factor in the assessing the value of DSF. 

The overall purpose of DSF of all types is to match supply and demand, and deliver other 

qualities of the energy supply such as reliability and security, by the cheapest and most 

appropriate methods.  Supply and network tariffs fixed in advance can reflect average 

variations in supply and demand, or network usage, according to known seasonal and daily 

average patterns, and thus encourage people to organise their demand away from times that 

                                                      
28 Although the forward market price for gas at a specified time will vary by the moment, as in all markets. 



24 

can be expected, on average, to present difficulties.  This is implicit DSF.  But implicit DSF of 

this type does not reflect the actual conditions.  An economic purpose for explicit DSF, ie DSR, 

is because many demand entities can be experiencing a price very different from the temporal 

scarcity price of generation and transmission, even if time differentiated tariffs apply to them.  

The magnitude and duration of this difference can be large enough to  make it worthwhile 

having special arrangements to get changes in demand from consumers, whose tariff does 

not communicate to them the temporally high (or occasionally low) cost of consumption at 

that moment.  For example, a peak supply tariff representing average variations in the cost of 

energy may have a peak/off-peak ratio in the region of 100%.  But real time variations in the 

price of electricity can easily be ten times greater.  Another economic purpose for DSR is that 

it provides other network services such as system reliability.  This is because the alternative 

may be involuntary load shedding (or occasionally curtailment of intermittent generation), or 

else costly investment in capacity or storage or transmission capacity that is rarely used.  The 

situation is not unlike when an air journey is overbooked, when it may be better to auction 

the compensation for some passengers to volunteer to travel at another time, rather than 

simply turning away a few at random or by position in a check-in queue.  Thus even when 

implicit DSF is present, there can be a valuable role for DSR in addition, because of larger 

variations in price than are typically reflected in tariffs fixed in advance that many customers 

pay.  

But, as noted in the first typology figure for DSF above, short term energy cost (“economics” 

in that typology) is not the only purpose for DSF; reliability is treated differently.  As the 

typology of DSF by time indicates, there are balancing requirements at various timescales, 

and implicit DSF does not engage with balancing at the shortest timescales, where energy 

markets do not always exist in a form accessible to all who might be able to assist in balancing.   

Energy networks may have explicit arrangements such as capacity, emergency, and reserve 

mechanisms, with other participants in the energy markets – generators, storage facilities, 

transmission facilities – to deliver the balancing requirements at these shorter timescales, and 

DSR can also contribute to delivering these services.  Moreover, just as the other participants 

in these markets can simultaneously engage with these various aspects, and earn recompense 

for supplying different aspects of the service simultaneously, so, in principle, can DSR. 

The phrase “demand side management”, particularly in gas distribution, is sometimes used 

to mean assisting users to adopt energy efficient applications to the joint advantage of 

themselves and society, regardless of whether it provides any particular advantage for supply 

and distribution.29  This type of activity is not included within the scope of this study. 

                                                      
29 For example, it is used this way in Ontario Energy Board (2011), Demand Side Management Guidelines For 
Natural Gas Utilities, EB-2008-0346, and A Alameida et al (2004), Examining the potential of natural gas demand-
side measures to benefit customers, the distribution utility, and the environment: two case studies from Europe, 
Energy 29, 979–1000 
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In summary, the typologies of DSF we have explored indicated several different kinds of DSF.  

Although they can substitute for one another to some degree, there is potentially value in all 

kinds of DSF, and value can be potentially be delivered simultaneously across several types. 
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4. THE POTENTIAL VALUE OF DSF IN ELECTRICITY 

4.1. Introduction 

As we have set out in the typology of DSF in the previous section, DSF can simultaneously play 

multiple roles in the electricity market, each with their own separate value, although there 

can also be some overlap.  In this chapter we initially set out the value that various kinds of 

DSF can play.  Our study will focus upon the literature where this value has been explored, 

adding some of our own analysis where appropriate.  We will then move on to consider some 

broader estimates of the value of DSF more broadly at national and EU-wide level.  We will 

discover that DSF provides a flexibility service to the energy market in competition with other 

methods of delivering flexibility. 

Figure 4.1: Benefits of Demand Response by Type of Benefit 

 

Abbreviations:  Independent System Operator (ISO),  Regional Transmission Operator (RTO) Local 

Supply Entity (LSE) 

Source:  US Department of Energy (2006): Benefits of demand response in electricity markets and 

recommendations for achieving them, February 2006, p. 27 

Type of Benefit Recipient(s) Description / Source

          Bill savings

          Incentive payments (incentive-base demand response)

          Cost-effectively reduced marginal costs/prices during events

Market 

Impacts

          Cascading impacts on short term capacity requirements and 

LSE contract prices.

          Avoided (or deferred) capacity costs

          Avoided (Or deferred) T&D infrastructure upgrades.

          Reduced need for market interventions (e.g., price caps) 

through restrained market power.

          Reduced likelihood and consequences of forced outages.

          Diversified resources available to maintain system reliability.

          Market-based options provide opportunities for innovation in 

competitive retail markets.

          Customers and LSE can choose desired degree of hedging

Some or all 

consumers

          Options for customer to manage their electicity costs, even 

where retail competition is prohibited.

          ISO/RTO           Elastic demand reduces capacity for market power

          LSE           Prospective demand response deters market power

          Reduced emissions in systems with high-polluting peaking 

plants

          Local resources within states or regions reduce dependence on 

outside supply.

Energy independence/ 

security

Collateral 

benefits

Some or all 

consumers

Short-term

Long-term

Reliability benefits

Other benefits

More robust retail 

markets

Improved choice

Market performance 

benefits

Possible environmental 

benefits

Benefit

Direct benefits

Customers 

undertaking 

demand response 

actions

Financial benefits

Reliability benefits
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DoE (2006)30 also sets out a categorisation of the broad benefits of DSF, analysed by recipient, 

and source, which we present in Figure 4.1.  But it does not make clear that there are various 

ways of obtaining these benefits and the different kinds of DSF work in concert to deliver this 

complete catalogue. 

Conchado and Linares (2010)31 set out a different classification of the potential benefits of 

DSF, by sector, and by impact on various parts of the electricity system, which we reproduce 

in Figure 4.2, which presents an alternative visualisation. 

Figure 4.2: A qualitative classification of the potential benefits of DSF by sector, and the impact for the 
system, expansion of the system, and the market 

 

Source:  A Conchado and P Linares, The Economic Impact of Demand-Response on Power Systems, A 

Survey of the State of the Art, Economics for Energy Working Paper WP02/2010 

                                                      
30 US Department of Energy (2006): Benefits of demand response in electricity markets and recommendations 
for achieving them, February 2006 
31 A Conchado and P Linares (2010), The Economic Impact of Demand-Response on Power Systems, A Survey of 
the State of the Art, Economics for Energy Working Paper WP02/2010 

Table 3:  Potential Benefits of Demand Response

Operation Expansion Market (if liberalised)

Transmission and 

Distribution

Relieve congestion Defer investment in network 

reinforcement or increase long 

term network reliability

Manage contingencies, 

avoiding outages

Reduce overall loses

Faciliate technical operation

Generation Reduce energy generation in 

peak times: reduce cost of 

energy and - possibly - 

emissions

Avoid investment in peaking 

units

Reduce risk of imbalances

Facilitate balance of supply and 

demand (especially important 

for intermittent generation)

Reduce capacity reserves 

requirements or increase long 

term security of supply

Reduce market power

Reduce operating reserves 

requirements or increase short 

term security of supply

Allow more penetration of 

intermittent renewable 

sources

Reduce price volatility

Retailing (if 

liberalised)

Reduce risk of imbalances

Reduce price volatility

New products, more consumer 

choice

Demand Consumers more aware of cost, 

consumption and even 

environmental impact

Take investment decisions with 

greater awareness of 

consumption and cost

Increase demand elasticity

Give consumers options to 

maximise their utility: 

opportunity to reduce bills or 

receive payments
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In completing the survey which follows, we will find that the value of DSF, either for a specific 

purpose, or more widely, can vary considerably depending upon the circumstances of the 

market in which it is applied.  DSF is only one of several potential sources of flexibility in an 

electricity system.  Depending upon what is giving rise to the need for flexibility, DSF may 

have cost advantages over some of the other possible sources, but also the others may have 

their advantages too.  The value depends upon what are the needs for flexibility in that 

market, what other sources of flexibility are already present, what is the most economical 

portfolio of flexibility in that market, and what are the obstacles to achieving the various kinds 

of flexibility.  DSF also has some broad advantages over other sources of flexibility, usually 

reducing emissions and reducing resistive losses in a way that can be more difficult for other 

kinds. 

In Sections 4.2 to 4.7 following, we set out the evidence for the potential value of DSF in 

specific uses or purposes.  In Sections 4.8 and 4.9, we set out quantifications of the benefits 

of DSF at national and international level respectively. 

4.2. The potential value of implicit DSF 

Implicit DSF, ie, applying various kinds of (mostly static) time of use (ToU) tariff, is one of the 

main potential uses of smart meters, and the valuation of implicit DSF has often been studied 

in the context of smart metering, or at least on the back of experiments intended to assess 

the effect of smart metering.   

4.2.1. The usage of smart meters for implicit DSF and other purposes 

Smart meters are an important enabler of DSF.  Large numbers of smart metering trials have 

been carried out around the world, attempting to discern their effect, not just in general, but 

also in the specific market conditions of the various markets into which they might be 

introduced.  Cost benefit analyses (CBAs) of smart meters are being carried out country by 

country in the EU, and are available for most countries, according to EC COM(2014) 356,32 

which we summarise the conclusions of at section 4.8.  The information collected from smart 

metering trials, studies on their usability, country CBAs presents an information base from 

which to form an opinion on the value of DSF in part of the economy.  EC JRC (2014)33 gives a 

recent overview of the progress with smart metering in the EU. 

The smart meter itself facilitates more effective customer management (remote reading, ease 

of disconnection and reconnection, theft control, etc) by retailers, and thus may pay for itself 

in whole or part through this effect.34  The benefits of any DSF that may be also applied are 

                                                      
32 EC COM(2014) 356, Benchmarking smart metering deployment in the EU-27 with a focus on electricity 
33 EC JRC Science and Policy Reports (2014), Smart Grid Projects Outlook 2014. 
34 See EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the EU-27 and 
EC SWD(2014) 188 Country fiches for electricity smart metering. Unfortunately these do not cite the national 
CBAs which they collate and summarise.  A selection of them are cited in an earlier survey, which covers gas 
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therefore in addition to this, or else to justify the net cost once the management advantages 

are deducted from the meter installation and operating costs. 

The most basic smart meters, which typically record usage in hourly intervals, generally 

facilitate ToU tariffs, whether supply or network tariffs.  Real time pricing (RTP), critical peak 

pricing (CPP) and explicit DSF require greater functionalities.35  Possibilities for additional 

functionalities include an In-House Display (IHD) unit, allowing the user to observe and make 

their own decisions on reactions to the information displayed, and automated switching 

functions to facilitate control of smart appliances.36  Smart appliances are those which are set 

up to deliver automated demand response, such as time switching, interruption and power 

reduction, which can either be controlled via the smart meter, or else via alternative control 

routes.  Response can either be in relation to a specified condition, eg the RTP communicated 

via the smart meter, or on a signal controlled by a third party such as a demand aggregator 

the consumer employs to market his DSR rights.  

4.2.2. The value of ToU, RTP and CPP tariffs 

A large number of studies have been carried out on the amount of peak shifting which is 

capable of being delivered by ToU tariffs, including both static ToU and RTP, and a broad 

survey is reported by Faruqui (2013).37  They plot the reduction in peak demand against the 

ratio of peak price to off-peak for 65 studies involving ToU tariffs, shown in Figure 4.3.  They 

distinguish the case of technology-mediated response (eg smart appliances reacting to price 

change) against those where response is mediated by human intervention.  Figure 4.4 shows 

a similar plot is shown for experiments involving RTP and CPP. 

A survey of over 100 European smart metering pilots is provided by Empower Demand 

(2011).38  An important point to appreciate in interpreting the aggregated results of this 

survey is that the pilots varied considerably according to the existing energy market 

conditions and the kind of DSF opportunities they facilitated, and thus biases may occur.  

Nevertheless we note key findings include: 

                                                      
also, at ERGEG and CEER (2011), Summary of Member State experiences on cost benefit analysis (CBA) of smart 
meters, Ref: C11-RMC-44-03 
35 Empower Demand 2 (2012), Energy Efficiency through Information and Communication Technology – Best 
Practice Examples and Guidance, VaasaETT for ESMIG 
36 A series of reports on the functionality and potential of smart appliances, their costs, operation and potential 
for load shifting and load reduction, is available from the Smart-A project, www.smart-a.org. 
37 A Faruqui (2013), Dynamic Pricing – The bridge to a smart energy future, The Brattle Group, Presented to 
World Smart Grid Forum, Berlin.  See also A Faruqui and J Palmer (2013), The Discovery of Price Responsiveness 
– A Survey of Experiments involving Dynamic Pricing of Electricity, The Brattle Group, and A Faruqui and S George 
(2005), Quantifying Customer Response to Dynamic Pricing, Electricity Journal, May 2005, Vol. 18, Issue 4. 
38 Empower Demand (2011), The potential of smart meter enabled programs to increase energy and systems 
efficiency: a mass pilot comparison, VaasaETT for ESMIG 
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Figure 4.3: Peak reduction against peak to off-peak price ratio in 65 experiments on time of use tariffs, 
distinguished by technology assisted response and human only response 

 

Source: A Faruqui (2013), Dynamic Pricing – The bridge to a smart energy future, The Brattle Group, 

Presented to World Smart Grid Forum, Berlin 

 The mere fact that a customer has more detailed information on his energy 

consumption can result in a reduction of consumption by 5% to 9%, the higher values 

resulting from more immediate and convenient channels by which the customer 

obtains feedback on his consumption.   

 Static ToU tariffs reduced peak demand by 5%, whereas RTP reduced it by 12% and 

CPP by 16%.  Tariffs with long peak periods were found to have little impact on peak 

demand, whereas short peak periods have a stronger effect. 

 Smart appliances, ie automated response to defined conditions, tended to increase 

peak usage reduction by around 60% to 200%, but not under RTP. 

Some other interesting results they find are that reduction in energy use is increased by 

education of the customer in the use of the smart meter and how to save energy, and that 

customers with lower income reduce their energy usage more than those with higher 

incomes. 
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Figure 4.4: Peak reduction against peak to off-peak price ratio in 98 experiments on peak time rebate 
(PTR, a variant of CPP), critical peak pricing (CPP), and variable peak pricing (VPP) tariffs, distinguished 
by technology assisted response and human only response 

 

Source: A Faruqui (2013), Dynamic Pricing – The bridge to a smart energy future, The Brattle Group, 

Presented to World Smart Grid Forum, Berlin 

Our Evaluation 

We can examine Faruqui’s first graph (Figure 4.3) and see that he finds a range of 5% to 9% 

energy saving for a 100% peak to off-peak price ratio in a ToU tariffs.  Empower Demand 

(2011) report an energy saving from peak tariffs in line with that range, but without making 

clear what peak to off-peak ratio was employed in the cases they have studied, although it is 

plausible they are generally likely to be of about that magnitude.  It is noticeable in the Faruqui 

survey that response to peak surcharge is substantially exhausted beyond a 300% peak to off-

peak price ratio. . 

In interpreting the results of both surveys in relation to the power of ToU tariffs, we need to 

be aware that they have aggregated studies with different lengths of time for which the peak 

charge applies.  The Empower Demand (2011) survey found this a significant factor in the size 

of the effect of the peak charge.  Given the weakness of tariffs with long peak demand 

periods, it is probably more interesting and relevant to consider only the effect of tariffs with 
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sufficiently short peak periods to have a material effect on demand, and this might have 

resulted in reporting a rather higher responsiveness. 

A wider survey of evidence on the point that smart meters can facilitate demand saving 

without any tariff adjustment, coming to a similar conclusion, is found in DECC and Ofgem 

(2011a).39  Given that this 5% to 9% range includes the level of response which is also found 

for ToU tariffs, we are concerned that careful separation of the two effects has been made in 

these surveys, and whether the effects attributed to ToU tariffs are in part the effect of better 

visibility of the customer’s own usage.  ToU tariffs can be applied with fairly simple meters 

which give the customer poor visibility of his consumption, but we expect that in many of the 

studies surveyed there was better visibility of usage. 

The authors of Empower Demand (2011) did not offer an explanation for why the response 

to RTP was not increased with automation, as happened quite markedly with other tariff 

types.  Since the averages reported there were not limited to specific studies which directly 

compared automation and non-automation, there may be systematic differences between 

the studies with automation and those without it, and this may be the reason.  We might also 

speculate that there could be a psychological point:  customers with automation might think 

the automation would do the job of responding to RTP for them, and thus fail to respond as 

strongly at times of particularly high RTP as if they were keeping themselves aware of the RTP. 

Overall, we can see that the kinds of response that result from the use of implicit DSF can 

practically reduce both overall demand in the approximate scale of around 5% to 10%, and 

peak demand in the range of 5% to 20%, for the affected customers to which it applies, 

depending upon the details.  We shall see as we proceed that in the overall context of DSF, 

this is a substantial and useful level of flexibility. 

4.3. The potential value of DSR in delivering system reliability: capacity remuneration 

mechanisms and DSR 

The term capacity remuneration mechanisms (CRM) may be applied to a number of market 

designs.40  For present purposes, to avoid duplication with our other discussions, we limit our 

attention to capacity markets and capacity payments, a small number of which already 

operate or have operated in Europe, and which are likely to become much more widespread 

in the near future, as capacity markets are adopted in Italy, France and Great Britain.  The 

distinction between a capacity market and a capacity payment is that the payment is generally 

set by some administrative process, whereas the market uses some market discovery 

mechanism to discover what the payment is, or who will enjoy it, or both. 

                                                      
39 UK Department for Energy and Climate Change and Ofgem (2011a), Smart meter rollout for the domestic sector 
(GB).  Impact Assessment. Final. 
40 ACER (2013), Capacity Remuneration Mechanisms And The Internal Market For Electricity 
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Ausubel and Cramton (2010)41 note that in a liberalised electricity market, the available 

institutions typically give consumers no ability to express preferences over reliability, thus 

there is a market failure in relation to setting the desired level of reliability.  Benedettini 

(2013)42 observes that forward capacity markets in principle facilitates a market operator to 

obtain the level of capacity it believes necessary for a given standard of reliability.  She notes 

that introduction of renewable power sources have reduced the load factor on fossil fuel plant 

and bid down the price of energy, thus reducing the incentives for investment in conventional 

capacity that would provide reliability.  But CRMs may not provide the potential capacity 

investor with a sufficient additional incentive to invest if their time horizon is too short, or 

these markets appear to be volatile.  And they may also serve to further bid down the short 

term price of energy, thus exacerbating the problem. 

Shen et al (2011)43 suggests that DSR is particularly suited for participation in CRMs, which is 

a method by which DSR can provide and earn its value for reducing network peak demand.  

The participation of DSR avoids the cost of other methods of providing that reliability, such as 

providing generation capacity that runs only rarely, or using a method electricity storage such 

as pumped storage.  It thus offers the potential to reducing the cost of providing reliability in 

the network.   

In the PJM Interconnection market, demand-side resources may bid into the capacity 

market.44  As a large market (peak demand around 160GW45), this is probably the most 

established case of CRM with demand participation, though ISO New England (ISO-NE) 

operates a similar structure with similar or higher levels of demand participation.46  In the 

PJM, the bulk of the demand resource participates in the capacity market.47  In the May 2011 

auction, 9.4% of the capacity contracted through the capacity market was demand resource.  

As well as dynamic DSR, qualifying energy efficiency programs can also bid into the PJM 

capacity market, but only in relation to the period in which the efficiency scheme is delivered. 

Brattle Group (2012)48 summarises what the key points of their review of the performance of 

the PJM capacity market, including DSR issues.  In relation to DSR, they focus on issues of 

                                                      
41 L Ausubel and P Cramton (2010), Using forward markets to improve electricity market design. Utilities Policy, 
Vol. 18 (2), pp. 195-200 
42 S Benedettini (2013), PJM and ISO-NE forward capacity markets: a critical assessment, IEFE Research Report 
12, Bocconi University, Milan 
43 B. Shen et al (2011), Addressing Energy Demand through Demand Response: International Experiences and 
Practices, Lawrence Berkeley National Laboratory, LBNL-5580E 
44 PJM (2014), PJM Manual 11: Energy & Ancillary Services Market Operations, (version retrieved V66, effective 
7 March 2014).  For a more readable summary, see J Soden et al (2013), A Guide to Inform Institutions about 
Participation in PJM’s Demand Response Programs, Duke University.  For a detailed analysis of the operation of 
capacity markets at PJM and ISO-NE see S Benedettini (2013), PJM and ISO-NE forward capacity markets: a 
critical assessment, IEFE Research Report 12, Bocconi University, Milan 
45 See PJM Load Forecast Report 2013 and PJM Load Forecast Report 2014 
46 See Table 2 of FERC (2013), Assessment of Demand Response and Advanced Metering, Staff Report, which 
shows demand resource as a percentage of peak demand by US system area. 
47 ACER (2013), Capacity Remuneration Mechanisms And The Internal Market For Electricity 
48 Brattle Group (2012), Lessons Learned from Our Second Performance Assessment Of PJM’s Capacity Market 
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reliability and assurance of demand participation.  This is achieved through detailed 

specification of requirements for demand participation, and auditing activities to assure the 

genuine nature of the demand response.  Charles River Associates (2013),49 advising on the 

design of the proposed CRM in Great Britain, also focus on assurance of the demand resource 

enabled to participate. 

Our Evaluation 

The participation of DSR in capacity markets in the USA on equal terms to energy resources 

(generation and electricity storage) has the effect of putting them on a level playing field in 

the market.  Thus the market selects the cheapest available portfolio of flexibility in that 

particular use.  Thus explicit DSF potentially has a value to the market equal to that of its 

capacity as set in the capacity markets, in addition to its other values.  Its net economic benefit 

is that capacity value, net of the cost of providing it, which is opaque.  We have seen that DSR 

participation in capacity markets in the US is up to 10%, and with greater spread and cost 

reduction of automated control and metering, and acceptance of aggregation, there is the 

potential for this to grow.  This is a large contribution to those markets, avoiding a substantial 

investment in generation which would rarely run.  It seems likely that the potential in Europe 

is, in most countries, not so large as in the US, because most European countries do not have 

the same per capita development of energy intensive industries, nor the same penetration of 

commercial uses such as air conditioning, nor the intensity of domestic electricity use, as in 

the US, which presents its basis for relatively large scale of demand response.  Nevertheless, 

it is only in certain parts of the US where institutions have been set up which have succeeded 

in mobilising this level of DSR, and which therefore represent a key indicator of effective 

practice. 

Participation by demand resource in markets on equal terms to energy resources (generation 

and storage) depends upon it not only offering a flexibility service to the market of equal value 

to energy resources, but being able to demonstrate it.  This requires audit of demand 

resources to assure it represents genuine demand response.  The existing US examples 

demonstrate that this can be achieved at the same time as achieving a worthwhile level of 

participation, and European markets are aspiring to a similar achievement. 

The rewarding of energy efficiency schemes through CRMs is perhaps a more controversial 

aspect of the US implementation, and we not aware of plans to replicate it in Europe.  Energy 

efficiency is often argued to be its own reward. But it also provides a system benefit by 

reducing peak demand, whose value is not fully reflected only in the energy savings earned 

by the customers.  Therefore there will be under-investment in energy efficiency schemes 

relative to the social benefit of them unless there is an additional reward to them in 

proportion to the social benefit they deliver.  Participation in a CRM, or another similar 

                                                      
49 Charles River Associates (2013) Capacity Market Gaming and Consistency Assessment, report for UK 
Department for Energy and Climate Change 
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scheme, presents a method by which those who deliver energy efficiency investments are 

remunerated for the wider social benefits they deliver.   

4.4. The potential value of DSR in balancing intermittent generation 

Smart-A WP4 D4.4 (2009)50 quantifies the value of smart appliances delivering load shift 

services in relation to balancing intermittent sources of generation and relieving network 

congestion. This is especially true of wind, which has substantial variance in its forecasts at 

time horizons relevant for scheduling spinning reserve (typically 4 hours), whereas smart 

appliances can deliver balancing on a shorter time scale.  For example, Warren (2014)51 shows 

that in Great Britain the ability to deliver balancing at 2-15 minutes timescale is rewarded at 

up to twice the price of balancing at 4 hours timescale. 

Figure 4.5: Participation in UK’s balancing mechanism by price and participation 

 

Source: P Warren (2014), A review of demand-side management policy in the UK, Renewable and 

Sustainable Energy Reviews 29, 941–951 

In some plausible scenarios, according to Smart-A WP4 D4.4 (2009)52 the flexibility value of 

some smart appliances can rise to €50/appliance/year, which is well above the level which 

would make it likely that smart appliances with DSR arrangements could be widely marketed 

to customers.  In other circumstances the value could be only €5/appliance/year, but this is 

limited to the value for the particular applications studied. 

Our Evaluation 

The requirement for flexibility is valuable not only at system peak, as tends to be implied by 

analysis of CRMs, but is also valuable for dealing with short term system balancing away from 

the peak, because of the varying response times of different resources.  Some flexible 

resources can respond on a timescale of seconds, including some DSR, but wider types of DSR 

can be managed to respond on a timescale of a few minutes, which is still valuable in 

comparison to other sources of flexibility which may require 4 hours or longer. 

                                                      
50 Smart-A WP4 D4.4 (2009), Value of Smart Domestic Appliances in Stressed Electricity Networks, www.smart-
a.org 
51 P Warren (2014), A review of demand-side management policy in the UK, Renewable and Sustainable Energy 
Reviews 29, 941–951 
52 Smart-A WP4 D4.4 (2009), Value of Smart Domestic Appliances in Stressed Electricity Networks, www.smart-
a.org 

Balancing Service
Short Term Operating 

Reserve
Fast Reserve Frequency Response

Frequency control by 

DSM

Minimum participation 3MW (can be aggregated) 50 MW 10 MW 3 MW (can be aggregated)

Delivery time 240 min 2 min Automatic 2s

Sustained Response 2h 15 min (at 25 MW/min) - 30 min (available 24h/day)

Economic revenue £25-35/kW/year £40-50/kW/year £50-55/kW/year -
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As wind penetration increases, there is increasingly large value in flexibility in demand.  In 

essence, the values indicated in Warren (2014) above will increase, especially at timescales 

shorter than 4 hours.  Without this increased short period flexibility, more wind has to be 

spilled, in order to be able to schedule the spinning reserve necessary to achieve tolerable 

levels of system security, since spinning reserve typically has a minimum level of output itself.  

That minimum level of output of the spinning reserve, in order to cater for the unreliability of 

wind over a 4 hour timescale, may displace the power source it is providing a reliability service 

for.  We can also note that curtailed wind is itself a source of reliability services for the 

generation that is running. 

Smart-A WP4 D4.4 (2009) notes that at present levels of wind penetration in Europe, existing 

levels of flexible generation and transmission mean that wind spillage is modest and 

transmission constraints only rarely occur for these reasons.  But as wind penetration 

increases, wind spillage and transmission constraints grow rapidly, resulting in increased 

energy and constraint costs.  The value of being able to provide flexibility through demand 

shifting depends considerably upon the quantity of wind to be integrated, the availability of 

storage and of short-response flexible generation available to that system. 

Making effective use of the DSR capability of smart appliances to deliver fast reserve useful 

to wind balancing requires intelligent aggregation and central scheduling of large portfolios 

of smart appliances, which suggests specialist third parties operating the service via remote 

systems.  The study estimate the value of the smart appliance’s flexibility to the system in 

various scenarios.  As well as the above, the more flexible the scheduling of the appliance, 

and the greater its power consumption, the more valuable. 

These benefits quantified found in the study above are limited to the DSR services the 

appliances provide for integrating wind, taking account of the cost of avoiding other kinds of 

flexibility and transmission strengthening.  There may be further benefits of this DSR which 

have not been quantified in this study.  

This analysis above has focused on wind in particular, rather than photovoltaic, because it is 

particularly difficult to forecast wind four hours ahead at a level of certainty necessary for 

reliability of supply.  One hope is that the wind forecasts will improve.  They have shown a 

tendency to do so, but so far have tended not to remove the final level of uncertainty at the 

4 hour level which is crucial for supply reliability, given that the main kinds of fossil fuel plant 

that deliver reserves typically require four hours’ notice to be reliably available, if they are 

not already spinning.  If improvements in wind forecasts manage to remove this uncertainty 

at the four hour level, then the DSR from smart appliances may still be significant for wind 

balancing, but the financial benefit would be reduced.  A similar effect would be produced if 

fossil fuel plant could be made reliably available at 2 hours’ notice.  Because of its value, 

generators are looking to increase the flexibility of their plant. 
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4.5. The potential value of DSR in day-ahead markets 

We have discussed above the value of DSR resources in delivering fast flexibility, on a 

timescale of minutes or a few hours.  Some demand resources may not be able to provide 

response on a timescale suitable for participation in fast flexibility markets, but could be 

scheduled day-ahead.  This presents the opportunity for participation of demand resources 

in day-ahead markets, and this participation of DSR in day-ahead markets is possible in PJM 

and some other US markets.  The value of this participation, in the sense of what it should be 

paid for its participation, has been the subject of detailed examination in the USA. 

The Federal Energy Regulation Commission’s (FERC) Order No. 745, Demand Response 

Compensation in Organized Wholesale Energy Markets ordered that DSR should be 

compensated at Locational Marginal Price (LMP),53 but only if LMP were sufficiently high 

according to a “net benefit test”. Further, the demand resources which could participate in 

this market must be those which are not exposed to the real time price of electricity.  This 

ruling setting a nationwide standard for the value of DSR for day-ahead balancing.  In other 

words, DSR participated at the same value as energy, but subject to some restrictions about 

when this applies and who can receive it. 

There has been a robust debate as to the appropriate valuation of DSR resources in day-ahead 

balancing.  The argument that DSR should be remunerated at LMP, as FERC determined, was 

supported in a deposition from (now deceased) Alfred Kahn;54 in later debate the argument 

for this position has been explained in more detail by Jonathan Falk and Robert 

Rosenzweig.55,56 The main opposing view was that DSR should be remunerated at LMP–G, 

where G is the retail price of electricity that the DSR supplier would have paid had he 

consumed, a price which may vary according to the customer’s retail contract.  This view was 

supported in deposition by William Hogan,57 and his position has been taken up in later 

debate by Robert Borlick.58,59 

                                                      
53 The organised exchanges in the USA generally have a system of nodal pricing, where the price at each node, 
the LMP, encompasses both the temporal scarcity of generation and temporal scarcity of transmission at each 
node.  Thus compensation based upon LMP, whether for generation or DSR, reflects its value to the system in 
terms of both what it does for energy balancing in the market that determines LMP, and relieving the 
transmission congestion. 
54 Alfred Kahn, Affidavit of Alfred E. Kahn, at 4, statement submitted on behalf of the Demand Response 
Supporters, filed in FERC Docket No. EL09-68-000, Sept. 16, 2009. 
55 Jonathan Falk, Paying for Demand-Side Response at the Wholesale Level, Electricity Journal, Nov. 2010, at 14. 
56 Jonathan Falk and Michael Rosenzweig, Critique Betrays Misperception of Purpose of Demand Response, 
Electricity Journal, Nov. 2011, at 19. 
57 William Hogan, Implications for Consumers of the NOPR’s Proposal to Pay the LMP for All Demand Response, 
statement submitted on behalf of the Electric Power Supply Association in FERC Docket No. RM10-17-000, May 
12, 2010 
58 Robert Borlick, Paying for Demand-Side Response at the Wholesale Level: The Small Consumers’ Perspective, 
Electricity Journal, Nov. 2011, at 8. 
59 Robert Borlick, A Simple Issue, Notwithstanding Hundreds of Pages of Testimony and Millions Squandered in 
Numerous FERC Dockets, Electricity Journal, Nov. 2011, at 24. 
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The actual participation of DSR in day-ahead markets has been relatively modest, even 

following the FERC Order 745.  PJM (2014)60 shows that income earned for what it terms 

“economic” demand response, which means participation in day-ahead markets, is only a very 

small part of the total DSR income.  PJM (2012)61 shows that whilst around 2000 MW is 

registered for the economic program, the maximum participation at any time was around 60 

MW, even after implementation of the FERC Order 745, which is roughly 0.4% of peak 

demand. 

Our Evaluation 

The main argument for paying DSR at LMP is that the wholesale market for energy and 

transmission is struck at LMP, and those who participate in that market to change quantity in 

it should therefore be compensated at LMP, since they provide as much balancing assistance 

as generation does, when their demand response is called.  Proponents of this viewpoint 

would further argue that a consumer might incur cost to manage their demand, just as a 

generator incurs costs to generate.  In some cases they may be using embedded generation 

(eg back-up diesel generators) which would justify being rewarded just as a generator on the 

other side of the market “fence”.  Even if they are not generating, they may be incurring other, 

equivalent, expenses to avoid consumption from the energy network. 

The essential argument for paying LMP–G to DSR is that DSR customers are in effect selling 

back to the market something they first bought in advance at G.  Since the market price is 

now LMP, they should expect to make a profit of LMP–G on returning it to the market.  Thus 

it is a fair price to buy out the consumer’s right to consume at a lower price to the market 

price.  Since we would not have DSR if the customer was exposed to the market price of LMP, 

then paying them LMP–G not to consume results in them having the same attitude to 

consumption as if the price were LMP, which would represent economic demand decision, 

and this achieves that effect. 

Embedded generation is often treated as DSR, and there is an issue here.  If a user reduces 

his demand by switching on a private backup generator, and consuming the power of that 

generator himself, then, since the customer is both avoiding the retail price of G for that 

power, and receiving LMP–G as their demand response, and they will efficiently generate for 

their own purposes when the costs of operating their back-up generator are less than LMP.  

But LMP–G is not a sufficient inducement for a generator to export power to the system at 

operating costs up to LMP, rather they should be paid LMP like everyone else.  The 

proponents of this case would argue that exporting generation, and demand reduction in the 

presence of an option to consume at a lower price, are fundamentally different, and it is 

appropriate that generation actually exported to the rest of the system is treated differently. 

                                                      
60 PJM (2014), Demand Response Operations Markets Activity Report: April 2014 
61 PJM (2012), 2012 Economic Demand Response Performance Report: Analysis of Economic DR participation in 
the PJM wholesale energy market after the implementation of Order 745 
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We have put forward just the key essence of the argument of each side, as we see it, although 

a great many other reasons were put forward for the justice of the argument of each.  But it 

seems that on these key points, the argument for LMP–G is correct as far as it goes.  The point 

is most clearly exhibited when G is only slightly less than LMP:  we only implement DSR 

because consumers are not facing the correct price of LMP, so why would one buy out their 

demand at the full cost of energy when that the price to them is only slightly too low.  This 

formal correctness of LMP–G was admitted by Falk,62 and his course of argument in that paper 

was essentially that while it is right as far as it goes, it doesn’t go far enough.  There are a wide 

range of shortcomings in the market, and the argument is that in practice DSR is likely to be 

under-rewarded given the variety of services it does for the system, many of which are 

unrewarded despite the existence of a broad variety of demand-side programs in the USA. 

But plainly this can only be true when the LMP is sufficiently greater than G, otherwise there 

would be a great deal of inefficient demand response.63  The FERC recognises this by 

disallowing demand which is already exposed to the real time price from participating, and 

requiring that DSR programs in the day ahead market to justify themselves with a “net benefit 

test”, such that DSR remuneration at full LMP is available only when the LMP price is 

sufficiently high that benefits exceed costs.  In the PJM Interconnection market the net 

benefit test is recalculated each month to establish a strike price above which DSR may 

participate at LMP.64 

Ultimately it appears that relatively little DSR participates at day-ahead, mostly a handful of 

large industrial users, although much larger amounts have registered to participate.  This is 

probably because much DSR can provide response at shorter response times than day-ahead, 

which is more valuable. But there are some users who prefer to plan response day-ahead.  

This may change in time if the balance of use of electricity changes for new applications. 

4.6. The potential value of DSF in distribution networks 

DSF also provides benefits at distribution level.  Ofgem (2013)65  notes that distribution 

charging provides weak signals for efficiency, particularly for smaller customers, and that 

even for larger customers with time of use distribution charges, these do not fully reflect the 

locational and dynamic issues of distribution, and have accordingly considered reform.66  As 

noted by Kollau and Benquey (2014),67 there are (practically) no studies on the benefits of 

                                                      
62 Jonathan Falk, Paying for Demand-Side Response at the Wholesale Level, Electricity Journal, Nov. 2010, at 14. 
63 If DSR were available at LMP at all values of LMP, a consumer could gain profit in offering demand response 
even if LMP were lower than G.  The user might be content to time-shifting his demand, and earn a DSR payment. 
64 See http://www.pjm.com/markets-and-operations/demand-response/net-benefit-test-results.aspx 
65 UK Office of Gas and Electricity Markets, Creating the Right Environment for Demand-Side Response, April 
2013 
66 Ofgem (2014) Work Stream Six Report April 2014 (work in progress) 
67 M Kollau and R Benquey (2014), Demand Side Flexibility, CEER, Florence Forum January 2014 
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DSF on avoiding reinforcement in distribution networks and loss management, yet, as we note 

below, the benefits are potentially large. 

Strbac et al (2010),68 study the possible benefits of DSR in distribution networks in Great 

Britain in a future with decarbonisation of the space heating and personal transport.  They 

consider scenarios differentiated by the penetration of electrical vehicles and heat pumps for 

space heating.  In a scenario with 100% penetration of these technologies, as a benchmark, 

demand for electricity increases by around 50% and peak demand by around 100%.  But at 

the same time the rollout of electrical space-heating and vehicles places large amounts of 

storage in domestic systems (of heat in the case of heat pumps, and of electrical energy in the 

batteries of electrical vehicle) to facilitate a much larger potential for DSR. 

Absent DSR, considerable network reinforcement is found to be required to deliver the 

demand requirements, mainly due to growth in resistive losses (electrical losses increase as 

the square of load) in urban areas, but mainly voltage drops in rural areas.  The following 

figure compares the costs of reinforcement of the GB network without DSR (“Business as 

Usual”) against a system with optimal DSR (“Smart”) for various penetrations of heat pumps 

and electric vehicles. 

Figure 4.6: Network reinforcement costs for distribution (LV) and transmission (HV) comparing 
“Business as Usual” (no DSR) with “Smart” (optimal DSR) operating paradigms, as penetration of 
electric vehicles and electrical heat pump space heating systems varies 

 

Source:  G Strbac et al (2010), Benefits of Advanced Smart Metering for Demand Response based 

Control of Distribution Networks 

From the figure, it can be seen that necessary reinforcement costs in the low voltage 

distribution network are more than four times those of the high voltage transmission network 

                                                      
68 G Strbac et al (2010), Benefits of Advanced Smart Metering for Demand Response based Control of Distribution 
Networks, Centre for Sustainable Electricity and Distributed Generation, Imperial College and Energy Networks 
Association 

Transformer Feeder Total Transformer Feeder Total

10% 0.7 3.7 4.4 0.3 0.4 0.7 5.1

25% 2.1 8.5 10.6 0.8 1.6 2.4 13.0

50% 3.4 18.4 21.8 1.6 2.2 3.7 25.5

75% 3.8 25.9 29.7 1.6 2.6 4.1 33.8

100% 3.8 30.6 34.3 1.6 3.0 4.5 38.8

Transformer Feeder Total Transformer Feeder Total

10% 0.3 1.5 1.8 0.1 0.3 0.4 2.2

25% 0.4 3.8 4.2 0.0 0.5 0.5 4.7

50% 1.7 7.6 9.3 0.3 1.4 1.8 11.1

75% 2.5 13.2 15.7 1.2 1.7 3.0 18.7

100% 3.2 15.4 18.6 1.6 2.0 3.6 22.2

Estimated GB Network reinforcement costs under a BaU operating paradigm

Smart network reinforcement costs for the entire GB HV and LV distribution system

Penetration 

levels
Total (£bn)

HV (£bn)LV (£bn)

Penetration 

levels

LV (£bn) HV (£bn)
Total (£bn)
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in all scenarios, thus the opportunities for savings are much greater in the distribution 

network.  Further, that the actual savings achieved by DSR in the “Smart” paradigm are 

predominantly in the distribution network, and amount to reducing the total expenditure on 

network reinforcement by about a half.  They also note that DSR increases the amount of 

distributed generation that can be connected to distribution networks. 

Our Evaluation 

Targeted DSR programs, taking account of the location of respondents, can delay 

strengthening of distribution systems.  Although this may already be relevant to some over-

stressed distribution networks, it is mainly relevant for a future where electricity demand 

increases, in opposition to the general trend to increased energy efficiency of applications.  

Such growth can occur because of local population growth or economic development.  But 

probably the main cause of widespread growth in the requirement for distribution network 

reinforcement would come from the substitution of fossil fuels in space heating and transport 

in a future with much lower carbon intensity.  Increasing amounts of distributed generation 

– eg, rooftop photovoltaics, combined heat and power schemes, etc – may also be an issue. 

Heavily loaded distribution systems can also suffer high levels of losses, because losses are 

proportional to the square of the load carried by any individual wire.  Because of this quadratic 

relationship, if the present local level of losses is L%, then a change in load of R kW typically 

changes the amount of losses by approximately 2LR.  If LR were the expected average losses 

assessed in the tariff, then the distribution operator has obtained a gain of LR from a customer 

abating their demand, whether it is explicit or implicit demand response, which as things 

stand the distribution operator has probably not paid for.  This becomes significant when the 

local distribution system is heavily loaded and experiencing material losses. 

Local distribution stress is likely to have some correlation to system peaks, but there can also 

be local distribution stress at other times. This can be due to local weather systems, local 

industry, local events, and other distinguishing local features. To the extent that local 

distribution peaks are correlated with system peaks, distribution operators free-ride on DSF 

in the system.  To the extent that DSF can have local benefits at times of local system stress, 

then a much more locally targeted DSR is required, which would need to take account of the 

precise location of consumers in the distribution system.  Whilst, as Strbac et al (2010) show, 

the gains can be large in some future scenarios, it also requires a sophistication of locally 

responsive DSF which has to date been barely imagined.  

4.7. Some potential perverse effects of DSF 

Frits Møller Andersen et al (2006),69 presents a microeconomic theory of the benefits of 

demand response, and make some partial calculations relating to some scenarios in Denmark.  

They conclude that when market power is present in generation, allowing DSR to participate 

                                                      
69 Frits Møller Andersen et al (2006), Analysis of Demand Response in Denmark, Risø-R-1565(EN) 
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can reduce social welfare.  In other words, what a generator with market power may do in his 

own self-interest may, perversely, be made even worse for society in the presence of DSR.  

They also conclude that the objective value of DSR may be low when there is substantial 

hydro-power in the system, as substantial hydro-power resources provide an effective 

method of delivering just what DSR might deliver, with low short run costs and emissions.  

Van Horn and Gross (2013)70 make a similar point, noting that if base load plant (eg coal) has 

higher emissions than peaking plant (eg gas, hydro), then load smoothing can increase 

emissions. 

Our Evaluation 

These are clearly unusual cases applying in markets that are already compromised.  When 

markets are already compromised, certain actions that are normally sensible can make things 

worse if they do not address the underlying problem.  The risk of these perverse outcomes 

occurring should be reduced in increasingly liberalised and integrated markets which facilitate 

deep competition in energy supply, and with the reduced use of high emission base load. 

4.8. Quantifications of the effect of DSR at national level 

4.8.1. Evidence from national cost benefit analyses of smart metering 

As a result of EU-wide initiatives on smart metering, 23 MSs have carried out a CBA of the 

national installation of smart metering for electricity. We summarise these because smart 

metering is essential infrastructure for the widespread usage of DSF in member states, and, 

whilst the benefits of smart metering includes matters beyond DSF, these CBAs should, in 

effect, include the benefits of DSF in the sector to which smart meters might be rolled out. 

EC COM(2014) 35671 makes a survey of the results of these surveys, based upon EC 

SWD(2014) 18872 and EC SWD(2014) 189.73  The survey reports a wide range of estimates for 

costs and benefits, as shown in Figure 4.7, which summarises the range of outcomes.  Of 

these, 16 showed a clear positive case and most of these countries have decided upon a large 

scale roll-out.  The other seven (Belgium, the Czech Republic, Germany, Latvia, Lithuania, 

Portugal, and Slovakia) showed a negative or unclear case.  Some MSs without a clear case 

for a uniform roll-out (Germany, Latvia and Slovakia) have nevertheless decided upon a 

limited roll-out. 

                                                      
70 K Van Horn and G Gross (2013), Demand Response Resources Are Not All They’re Made Out to Be: The Payback 
Effects Severely Reduce the Reported DRR Economic and Emission Benefits, Electricity Journal, Vol. 26, Issue 7 
71 EC COM(2014) 356, Benchmarking smart metering deployment in the EU-27 with a focus on electricity 
72 EC SWD(2014) 188 Country fiches for electricity smart metering. Unfortunately this does not cite the national 
CBAs which it collates. A selection of them are cited in an earlier survey, which covers gas also, at ERGEG and 
CEER (2011), Summary of Member State experiences on cost benefit analysis (CBA) of smart meters, Ref: C11-
RMC-44-03 
73 EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the EU-27 
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Figure 4.7: Summary of results CBAs for smart metering of 23 Member States, showing range of 
outcome, average and standard deviation 

 

Source:  EC COM(2014) 356, Benchmarking smart metering deployment in the EU-27 with a focus on 

electricity 

Figure 4.8 shows the benefits against the costs per metering point.  Even though benefits and 

costs vary substantially, a clear clustering around a benefit cost ratio not far from, and usually 

just above, unity is evident. 

Figure 4.8: Summary of costs against benefits in Member States’ CBAs of smart metering 

 

Source:  EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the 

EU-27 

Range of values
Average based on data  from 

positively assessed cases

Discount rate 3.1% to 10% 5.7% ± 1.8% (70%
10

)

Lifetime 8 to 20 years 15 ± 4 years (56%)

Energy saving 0 to 5% 3% ± 1.3% (67%)

Peak load shifting 0.8 to 9.9% n.a

Cost per metering point €77 to €766 €223 ± €143 (80%)

Benefit per metering point €18 to €654 €309 ± €170 (75%)

Consumer benefits (as % of total benefits) 0.6% to 81% n.a
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Not all of the benefits from smart metering result from DSF, and the following two figures 

summarise the main DSF benefits forecast in the CBAs.  Figure 4.9 shows energy savings, as a 

percentage of total energy consumption of the relevant sector, mapped against the cost 

benefit ratio of the study.  Not all of the CBAs reported this saving separately in the available 

material. 

Figure 4.9: Benefit cost ratio against energy saving benefit in Member States’ CBAs of smart metering 

 

Source:  EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the 

EU-27 

Figure 4.10 shows peak load transfer, as a percentage of total energy consumption of the 

relevant sector, mapped against the cost benefit ratio of the study. 

Our Evaluation 

With 264 million metering points in Europe,74 the average gross net present value (NPV) 

benefit of €309 per metering point and net benefit of €86 per metering point can be projected 

to a total potential NPV gross benefit of €82 billion and net benefit of €23 billion if smart 

metering were extended fully.  Much of these benefits are administrative savings, ie the cost 

savings resulting from remote reading, remote (dis)connection, theft avoidance, rather than 

energy-related savings, though a clear breakdown is not available. 

                                                      
74 EC COM(2014) 356, Benchmarking smart metering deployment in the EU-27 with a focus on electricity 
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Figure 4.10: Benefit cost ratio against peak load transfer in Member States’ CBAs of smart metering 

 

Source:  EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the 

EU-27 

The studies show a range of energy saving mostly between 1% and 5%, averaging 3% of MS’s 

total electricity consumption.  Figure 4.7, and also background document EC SWD(2014) 189, 

are unclear what base the %age energy reduction shown is based upon the total electricity 

consumption of the country, but it seems likely to refer to energy consumption of the 

metering points benefiting from an improved meter.  This is likely to include the domestic and 

small business sector of the economy.  According to Eurostat, EU electricity consumption 

outside industry and transport has recently been of the order of 1,700 TWh/yr, whereas 

household consumption has been a little over 800 TWh/yr.  The relevant sector is therefore 

likely to be in the area of about 1,000 TWh/yr.  This suggests an annual resource cost saving, 

based upon an electricity wholesale price of about €50/MWh75 of about €1.5bn.  For 

comparability, and based upon 490GW peak demand, that would represent €3/kW/yr.  This 

3% is below the lower end of typical energy reductions arising from smart metering pilots 

either from ToU tariffs, or just from being better informed of one’s electricity usage.  Indeed, 

as we reported above, energy savings of the order of at least 5% are typically found in 

metering studies without any explicit facilitation of DSF if the meter facilitates reasonable 

feedback on usage.  But given the broad range of projected effects, plainly the CBA studies 

                                                      
75 Platt’s Energy Price index, as reported in the DG-Ener’s Quarterly Report on European Electricity Markets, 
while volatile, has mostly been close to 50€/MWh in the recent years.  
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are making quite different assumptions from one to another, about the functionality of the 

meter, feedback to customers, the usage and acceptability of ToU tariffs and other methods 

of encouraging DSF, and the customers’ responsiveness to them.  In part the wide range of 

assumptions arises from different market and regulatory arrangements and energy usage 

environments in those countries.   

The range of peak load transfer is greater than for energy savings, ranging from 1% to near 

10%, but mostly clustering around 1% to 2%.  It seems likely that many of the lower figures 

result from an assumption either of no explicit provision for DSF (compared with currently), 

or else low take-up of optional schemes.  Again, this reported change relates to the MSs’ 

whole market. 

Since the survey of smart metering pilots seems to indicate much larger prospects for energy 

saving and peak reduction than MSs on average forecasted, the main conclusion from this 

survey of CBAs of smart metering is that many MSs appear to see smart meters as mainly a 

tool of administrative convenience for electricity retail, and are not expecting a great deal of 

use of them for DSF.   

4.8.2. Potential for DSR in Germany 

The German Energy Agency, dena, conducted an extensive study on the integration of 

renewable energy sources into the German electricity grid.76 The study finds that DSR has the 

potential to contribute 60% of the balancing energy requirement, delivering annual cost 

savings (energy and capital) of around €0.5bn per year by 2020 in the high renewables 

scenario they were studying. The breakdown is shown in Figure 4.11.  The DSR resources they 

model to be available to the reserve and spot markets is 2,600 MW from industry and 60MW 

from the household sector by 2020.  The study assumes a 45% improvement in wind 

forecasting from its 2010 base. 

Feuerriegel and Neumann (2014)77 estimate the impact of DSR on electricity retailers in 

Germany, covering DSR in both domestic and non-domestic sectors.  They find price volatility 

of electricity falls by around 7.7%, enabling energy retailers to reduce their sourcing costs by 

around 3.5%.  This upon the potential DSR resources in Germany of around 30GW being made 

available, which they state is the potential identified in other studies.  This seems an unusually 

large proportion of peak demand in comparison to that assumed in other studies. 

                                                      
76 dena (2010), Deutsche Energy-Agentur, Grid Study II – Integration of Renewable Energy Sources in the German 
Power Supply System from 2015 – 2020 with an Outlook to 2025, November 2010 
77 S Feuerriegel and D Neumann (2014), , Measuring the financial impact of demand response for electricity 
retailers, Energy Policy 65, 359–368 
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Figure 4.11: Annual cost savings as a result of DSR in 2020 in the dena grid study 

 

Source:  dena (2010), Grid Study II – Integration of Renewable Energy Sources in the German Power 

Supply System from 2015 – 2020 with an Outlook to 2025 

Our Evaluation 

The DSR resource of 2.7GW in comparison to current German peak demand of roughly 80GW 

in the dena grid study appears to be quite modest in comparison to levels already achieved 

in the USA, which as we noted from FERC (2013)78 is up to 10% of peak demand in some parts 

of the USA.  Maybe the US, given its much higher consumption per capita, has inherently 

greater opportunity for DSR.  Nevertheless, this study takes account of the costs of providing 

DSR – technical costs of the infrastructure, economic costs of shifting or avoiding 

consumption – and is capped by the potential available quantity they identify.  Thus the cost 

of flexibility is minimised by balancing these costs against the costs of other kinds of flexibility.  

It can therefore be considered a proper endogenous estimate of the appropriate quantity of 

DSR to provide in competition with other sources of flexibility, even if benchmarking against 

the USA might suggest a larger quantity of flexibility might be available.  One possible reason 

for this is that the study might have assumed that transmission and distribution assets are 

constructed to traditional levels of security of supply, when relaxing these standards would 

offer greater opportunity for security to be delivered by greater usage of DSR, reducing overall 

costs. 

The total energy cost saving (including capital) of around €500m per year in the dena study is 

worth about €6/kW/year of peak demand, which is in fact on the large side in comparison to 

the savings noted in the US calculations of similar figures which we note below.  But this is 

not entirely surprising as the DSR is being used to balance a large flexibility requirement 

                                                      
78 See Table 2 of FERC (2013), Assessment of Demand Response and Advanced Metering, Staff Report, which 
shows demand resource as a percentage of peak demand by US system area. 
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arising from a large portfolio of intermittent generation, which is not present in the US studies 

we mention below. 

The 3.5% cost saving in electricity at the wholesale level amounts to about €12/kW/yr of peak 

demand in Germany, about double the saving in dena above.  The author’s suggest that they 

have only estimated a modest part of the total benefits from this.  But the amount of DSR 

resource forecast to be available in is on an entirely different and much larger scale, and we 

therefore question the usefulness of this study. 

4.8.3. Potential for DSR in the UK 

Bradley et al (2013)79 carry out a survey of studies of studies into various aspects of DSR in 

the UK, and thereby attempt to create an overall estimation.  They list eight types of DSR, and 

tabulate the principal estimated annual benefits that the various studies of the UK market 

demonstrate.  We reproduce their tabulation of costs and benefits in Figure 4.12.   

The authors also present a discussion of each of the categories of savings, mentioning other 

studies.  In some cases they draw attention to some contrasting estimates, most notably in 

the case of value of reducing peak demand.  For example, it notes that Ofgem (2010)80 

suggested a much greater value in reducing the peak demand.  Many of the values come from 

work done by the UK authorities, who have assumed that transition to ToU tariffs and other 

means of DSF will be voluntary, and on that basis take-up will be relatively low (up to 20%), 

even though the infrastructure is compulsorily rolled out, and in principle material cost 

savings are available to customers from adopting differentiated tariffs.  The authors suggest 

that measures to encourage take-up can result in much larger savings. 

                                                      
79 Bradley P., M. Leach and J. Torriti (2013) A Review of the Costs and Benefits of Demand Response for Electricity 
in the UK  Energy Policy, Special Selection: Transition Pathways To A Low Carbon Economy, 52, 312-327 
80 Ofgem (2010), Demand Side Response: A Discussion Paper, UK Office of Gas and Electricity Markets 
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Figure 4.12: Tabulation of the principal estimates of the net benefits and costs of DSF in the UK by 
category 

 

Studies Referenced:  D&O (2011a);81 D&O (2011b);82 Strbac (2010);83 Seebach et al (2009)84 

Source:  Bradley P., M. Leach and J. Torriti (2013) A Review of the Costs and Benefits of Demand 

Response for Electricity in the UK  Energy Policy, Special Selection: Transition Pathways To A Low 

Carbon Economy, 52, 312-327 

                                                      
81 UK Department for Energy and Climate Change and Ofgem (2011a), Smart meter rollout for the domestic sector 
(GB).  Impact Assessment. Final 
82 UK Department for Energy and Climate Change and Ofgem (2011b), Smart meter rollout for the small and 
medium non-domestic sector (GB).  Impact Assessment. Final 
83 Strbac G., Gan C.K., Aunedi M., Stanojevic V., Djapic P., Dejvises J., Mancarella P., Hawkes A., Pudjianto D., Le 
Vine S., Polak J., Openshaw D., Burns S., West P., Brogden D., Creighton A.,  Ciaxton A. (2010), Benefits of 
Advanced Smart Metering for Demand Response based Control of Distribution Networks.  Summary Report, 
Version 2, Study conducted by Imperial College in collaboration with the Energy Network Association 
84 Seebach D., Timpe C., Bauknecht D. (2009), Costs and Benefits of Smart Appliances in Europe, D 7.2 of WP 7 
from the Smart-A project.  A report prepared as part of the EIE project: Smart Domestic Appliances in Sustainable 
Energy Systems (Smart-A).  Final Report.  Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety, Germany 
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Imperial College (2012)85 studied Great Britain to 2050 on behalf of the UK Department of 

Energy and Climate Change, in relation to future scenarios with substantial decarbonisation 

of the UK energy sector.  They studied four methods of delivering the flexibility that would 

require: DSR, storage, highly flexible generation, and interconnection.  The study assumes 

that the infrastructure to deliver DSR is as fully available as required, thus the variations in 

valuation are not associated with the deliverability of DSR, but rather its potential value for 

delivering system savings.  In this study, the value of DSR is found to depend crucially upon 

the balance of availability and cost of the four flexibility technologies  which are used.  They 

found that if DSR was entirely relied upon as a balancing technology of the four studied, then 

across the range of scenarios studied, its value could vary (Figure 4.13) from around £3bn 

(€3.6bn) to £11bn (€13bn) per year by 2050.86  Peak demand in the relevant scenarios is 137 

GW to 144 GW, so this amounts to about €26/kW/yr to €92/kW/yr. But when all four 

flexibility technologies were used in tandem (Figure 4.14), the system savings lay in the range 

of £0.1bn (€0.12bn)to £14bn (€17bn), or €1/kW/yr to €117/kW/yr.  In these scenarios, the 

study does not separately identify the savings from DSR alone, within the total saving, 

because this is not meaningful question to address in the context of the calculation that has 

been done.  Rather, the savings are co-determined from the overall policy in relation to the 

four flexibility technologies: and if one took away any one of those, one would have done 

something different with the others.  The seemingly counter-intuitive possibility that the 

savings are lower when all four technologies are used together than when they are used 

individually arises from the fact that when they are available together, the system 

reinforcement requirement can be greatly reduced. 

Our Evaluation 

The Bradley et al (2013) study collates various potential savings of DSR to GB.  Much of the 

source of this is the smart metering work in DECC and Ofgem (2011a and 2011b).  One of the 

largest benefits in their survey is the administrative benefit (remote reading, ease of 

(dis)connection, theft prevention, etc) of smart metering, which is not a DSF benefit as we 

would classify it. The top 14 lines totalled (ie all above those described as non-DR benefits) 

comes to £288m/yr (€350m/yr).These benefits are mostly energy savings, including resistive 

loss reductions, with only small amounts arising from peak and system benefits.  It also 

includes an amount for CO2 reduction.  

                                                      
85 Imperial College London (2012), Understanding the Balancing Challenge, Study for Department of Energy and 
Climate Change, 16 July 2012. 
86 We use an exchange rate of €1.2 to the £. 
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Figure 4.13: Systems savings in the scenarios of Imperial College (2012) when each of the flexibility 
technologies is used alone. 

 

Source:  Imperial College London (2012), Understanding the Balancing Challenge 

Figure 4.14: Systems savings in the scenarios of Imperial College (2013) when all four of the flexibility 
technologies are used in tandem 

 

Source:  Imperial College London (2012), Understanding the Balancing Challenge 

They also present a line showing a quantification of the present cost of customer involuntary 

interruptions of £453m/yr (€540m/yr), but the authors do not attempt to assess how much 
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of that might be avoided by voluntary interruption, or what the net saving from making 

reducing that with DSR would be; we can conclude only that it is above zero and below the 

totals given. 

Additionally they present the £25m/yr to £500m/yr (€30m/yr to €600m/yr) value for wind 

balancing from the Strbac et al (2010) study we discussed above.  The large values arise mostly 

in a future scenario with substantial decarbonisation. 

These can be summed to give a range of £312m/yr to £1223m/yr (€380m/yr to €1470m/yr), 

or around €6.5/kW/yr to €25/kW/yr. Of the £312m/yr, all but £25m/yr arises from implicit 

DSF.  €6/kW/yr (confining attention to the implicit DSF) is smaller than the €8/kW/yr average 

energy saving benefit which we assessed from the average of EU MS smart metering studies, 

but the UK amount is after deduction of consistent with GB presenting the largest cost benefit 

ratio in the smart metering studies, as we saw in the tables presented above.  GB is the most 

optimistic among MSs for smart metering to facilitate energy saving in comparison to other 

MSs.  The remaining €0.5/kW/yr to €19/kW/yr, showing a broad range of possibilities, comes 

from uncertainty over the value of explicit DSF.  The Strbac et al study, focusing on balancing, 

only forecasts a large benefit for balancing in a future with much more wind, and take-up of 

new technologies which provide greater DSR resource.  The capacity market, which the UK is 

currently implementing, is likely to be the main route for procuring the fast reserves from DSR 

which will facilitate these potential savings.  Bradley et al (2013) also show us a large cost 

currently arising from customer’s present involuntary curtailments in GB, which in principle 

can be avoided to some degree by voluntary curtailments, but little indication of how much 

of that could practically be avoided through explicit DSF.   

The Imperial College (2012) study indicates the very considerable difficulty of knowing how 

much the flexibility offered by DSR will be worth in future, because it is a substitute for several 

other sources of flexibility, whose future cost and deployment is hard to predict.  When those 

other source of flexibility are abundantly available, the value of DSR can be really rather low;  

when there are impediments to delivering them, or they turn out to have high cost, the value 

of DSR can be very high indeed.  There is little consensus on the likely future costs of electricity 

storage, and Imperial College run scenarios with the cost varying by a factor of 10, since that 

to them represented the level of uncertainty.  In a future world where other sources of 

flexibility are plentiful and cheap, the value of DSR for flexibility becomes modest, even in 

certain kinds of future requiring much more flexibility; although in other kinds of future it may 

still be rather more significant.  But in a future where electrical storage remains costly, 

institutional barriers to new transmission capacity remain high, and relatively few new flexible 

generators are built, then DSR can have a potential to reduce system costs in a future 2050 

decarbonised GB by several billions of Euros per year.  This has itself been assessed against a 

scenarios of greatly reduced carbon outputs, a future which is itself highly uncertain. 
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4.8.4. Potential for DSR in the USA 

For its benchmarking potential, we present the results of a survey of studies of the potential 

for DSR in the USA, and a more recent study not included in that survey.  DoE (2006)87 present 

a survey of quantified benefits of demand response programs in the USA.  A summary table 

is reproduced as Figure 4.15, and shown graphically in Figure 4.16.  In addition to presenting 

the gross benefits of the studies, they also “normalised” the benefits.  The normalisation 

comprised scaling the benefits to the peak load of the study areas, making adjustments for 

time horizon and period of the study, and also normalising the demand response participation 

rate to 10%.  They distinguish between three categories of study: 

 Illustrative Analyses:  Scenario analysis based upon hypothetical quantitative 

scenarios.  

 Integrated Resource Planning (IRP):  Based upon the quantity of demand response 

that the utility estimates that it could usefully buy. 

 Program Performance Analysis:  Based upon analysis of DSR programs actually in 

operation. 

The gross potential benefits in the illustrative analyses and IRP studies they cover vary from 

$8.67/kW/yr to $0.62/kW/yr (about €6.4/kW/yr to €0.5/kW/yr) of peak demand.88  

Normalised, the variation is much smaller, $2.07/kW/yr to $0.88/kW/yr (about €1.5/kW/yr to 

€0.7/kW/yr) of peak demand, so much of the variation is coming from different projections 

of the penetration of DSR.  The program performance studies give lower values, and we 

discuss that further below. 

Subsequent to that survey, Brattle Group (2007)89 quantified the value of a 3% reduction in 

peak demand in a large part of PJM Interconnection region, defining the peak as the 20 

highest five-hour peaks.  They valued the reduction at $138m to $281m per year.  At this time 

PJM had peak load of 133GW,90 but Brattle Group’s assessment covered  a somewhat reduced 

area which was roughly 7/8 of that. This evaluates to range $2.4/kW/year to $1.2/kW/year, 

(about €1.8/kW/yr to €0.9/kW/yr) of peak demand, and the concept of normalisation in the 

sense of the DoE (2006) study is not applicable. 

                                                      
87 US Department of Energy (2006): Benefits of demand response in electricity markets and recommendations 
for achieving them, February 2006 
88 We use an exchange rate of $1.35 to the €. 
89 Brattle Group (2007), Quantifying Demand Response Benefits In PJM 
90 PJM Load Forecast Report 2006 
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Figure 4.15: Summary of quantification studies of demand response in the USA in DoE (2006) 

 

Abbreviations:  DLC – Direct Load Control; DA-LBAR – Day Ahead Load Bidding as a Resource;  EDR – Emergency Demand Response; CPP – Critical Peak 
Pricing; RTP – Real Time Pricing; LMP – Locational Marginal Pricing. 
…List of studies cited and original source citation follows on next page….
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Studies:  1 Borenstein 2005;91 2 ICF Consulting 2002;92 3 DOE 2003;93 4 Neenan et al. 2005;94 5 
Faruqui and George 2002;95 6 Violette et al. 2006;96 7 NPCC 2005;97 8 NYISO 2004;98 9 RLW Analytics 
and Neenan Associates 2004;99 10 PJM Interconnection 2004100 
Source:  US Department of Energy (2006): Benefits of demand response in electricity markets and 
recommendations for achieving them, February 2006, p. 40 

Figure 4.16: Normalised Gross Benefits (US$/kW) of the 10 US Studies summarised in US Department 
of Energy (2006) 

 

Source:  US Department of Energy (2006): Benefits of demand response in electricity markets and 

recommendations for achieving them, February 2006, p. 46 

                                                      
91 Borenstein, Severin, (2005), The Long-Run Efficiency of Real-Time Pricing, The Energy Journal 26(3):96-116  
92 ICF Consulting, (2002), Economic Assessment of RTO Policy, prepared for the Federal Energy Regulatory 
Commission, February 26 
93 U.S. Department of Energy (2003), Report to Congress: Impacts of the Federal Energy Regulatory Commission’s 
Proposal for Standard Market Design, DOE/S-0130, April 30 
94 B Neenan, P. Cappers, D. Pratt and J. Anderson, (2005), Improving Linkages Between Wholesale and Retail 
Markets Through Dynamic Retail Pricing: Preliminary Results report to the New England Independent System 
Operator, December 2005 
95 A Faruqui and S George, (2002) The Value of Dynamic Pricing in Mass Markets, The Electricity Journal 15(6):45-
55 
96 Violette, Daniel and Michael Ozog, (2003), Mass-Market Demand Management Offerings: Evaluation Methods 
Assessment and Results, presented at the International Energy Program Evaluation Conference, Seattle WA, 
August 
97 Northwest Power and Conservation Council (NPCC), (2005), The Fifth Northwest Electric and Conservation 
Plan, NPCC Document 2005-07, July 
98 New York Independent System Operator (NYISO), (2004), NYISO 2004 Demand Response Programs 
(Attachment I): Compliance Report to FERC, FERC Docket No. ER01-3001-00, December 
99 RLW Analytics and Neenan Associates, (2004), An Evaluation of the Performance of the Demand Response 
Programs Implemented by ISO-NE in 2004, Annual Demand Response Program Evaluation submitted to FERC, 
December 
100 PJM Interconnection, (2004), Assessment of PJM Load Response Programs (Revised), compliance report to 
the Federal Energy Regulatory Commission, Docket No. ER02-1326-006, October 31 
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Our Evaluation 

The rather lower normalised benefits of the program performance studies DoE surveys is 

attributed by the DoE mainly to the difference in style of analysis, being backward looking.  

The normalisation adjusts for participation rates, so any optimism in participation rates is 

removed from the forward-looking studies.  The gross benefits of the program performance 

studies have all been normalised upwards, presumably representing, in part, that achieved 

participation rates were in practice below 10%.  Rather the DoE suggests that the time horizon 

of the program performance studies represented a period of statistical good luck in supply 

conditions, which did not demonstrate the statistically expected level of tight supply 

conditions and emergencies expected to occur in the longer term.  Under statistically more 

normal conditions, they suggest the value of demand response measured in those actual 

programs would have rather rather higher. 

Figure 4.17: Valuation of benefit to non-curtailed loads of a demand reduction in the peak, thus 
reducing the peak price of electricity 

 

Source:  Brattle Group (2007), Quantifying Demand Response Benefits In PJM 

The Brattle Group study gives benefits in the range $1.2/kW/year to $2.4/kW/year, 

unnormalised, and thus relatively high by comparison to the above studies. But the 3% 

reduction in peak demand is also a reasonably modest level to seek to achieve, given the 

current demand resources available to US utilities are up to 10% of their peak demand.101  The 

                                                      
101 See Table 2 of FERC (2013), Assessment of Demand Response and Advanced Metering, Staff Report, which 
shows demand resource as a percentage of peak demand by US system area. 
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main benefit Brattle identified was the reduction in the cost of energy supplied to non-

curtailed customers.  The methodology they use for they used for evaluating this benefit is 

evident in the diagram at Figure 4.17:  if the level of peak demand is reduced, the price of 

energy at the peak is reduced, thus reducing the expenditure of all the customers who 

continue to consume electricity.  The expenditure saving is taken as an estimate of the 

resource saving.102   

The secondary benefit is the reduction in capacity needed to meet reserve adequacy 

requirements for a load shape that has been modified by reducing the peaks.  Further benefits 

not quantified included enhanced competitiveness of energy and capacity markets, reduced 

price volatility, benefits outside the 100 hours studied, reduced capacity market prices, and 

deferred transmission and distribution costs.  Some costs not captured include prices 

increasing at times that demand is deferred to, and potentially increased demand by 

customers on real time pricing arrangements. 

Over the four years from 2010 to 2013, PJM actually paid out an average of about $450m per 

year to providers of DSR (see PJM (2014)103).  To the extent that these payments were worth 

making, and this should be the case since payments are determined in markets in competition 

against other sources of flexibility, then DSR must have provided services worth at least 

$450m in PJM.  Plainly the DSR providers may have suffered some loss in value from providing 

those DSR services, so this represents a floor on the gross valuation of the services, not a net 

valuation.  But on the other hand, this represents a floor on the gross valuation, and therefore 

the actual gross value is rather higher.  Thus there are two sources of error in using this as a 

proxy for the net value of the DSR, but they tend to operate in counteracting directions.  We 

can express that as $2.80/kW/year, or about €2/kW/year of peak demand.  This is an order 

of magnitude figure which appears consistent with some of the higher unnormalised benefits 

shown in the DoE survey above.   

4.9. Quantifications of the effect of DSR at EU level 

Gils (2014)104 attempts to assess the potential magnitude of the DSR potential in Europe (he 

covers a somewhat wider area than the EU) by identifying 30 processes which can be subject 

to it, and which have a significant contribution to overall energy demand.  These vary from 

industrial processes such as aluminium smelting and wood pulp production, through 

commercial processes such as commercial chilling and space heating/cooling, to domestic 

appliances and space heating.  These have all been shown to amenable to demand response 

through time shifting or interruption or similar, assuming the roll out of suitable technologies, 

both in metering and appliance control.  By quantifying the European size of energy use in 

                                                      
102 To the extent that in a perfect market electricity the total income of generators would theoretically  
equilibrate to their total cost under certain “perfect” conditions, the gross expenditure saving can be considered 
to be a proxy estimate for the long run cost saving. 
103 PJM (2014), Demand Response Operations Markets Activity Report: April 2014 
104 H Gils (2014), Assessment of the theoretical demand response potential in Europe, Energy 67 (2014) 1-18 
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these 30 sectors, and the plausible time factors which can be applied to those loads, 

seasonalities, and so forth, Gils computes the load shifting potential in Europe by region.  The 

result is a load shifting potential for Europe (which he defines rather more broadly than the 

EU) which at around 93GW is around one seventh of Gils’ region’s peak demand of 620GW. 

EWI (2012)105 makes an (approximately) EU-wide study of the requirements for flexibility in 

generation and demand in a high renewables future, modelling out to 2050, and 

demonstrating the high value of flexibility will have in such a future.  They construct a 

simplified grid model, dividing the (approximate) EU into 13 regions, each with their own 

generation mix, and an interconnection net between them.  They assume increasing amounts 

of interconnection are constructed between those regions from present levels.  DSR is treated 

as one option for delivering the flexibility necessary for balancing the intermittent generation.  

The potential amount of DSR is assessed on a priori grounds, and the actual deliverable 

potential of DSR is also based upon a priori scenarios.  The amount of DSR it assumes is shown 

in the Figure 4.18.  As can be seen, it shows a little short of 50GW of DSR resource in 2050.  

That would represent about 10% of present peak demand of about 490GW106 in the region. 

Figure 4.18: The DSR technical potential and developed potential assumed in the scenarios of EWI 
(2012) 

 

Source: EWI (2012), Flexibility options in European electricity markets in high RES-E scenarios, Study 

on behalf of the International Energy Agency (IEA) 

Capgemini (2008) surveys the EU-15 Member States and projects to 2020.107 The study finds 

(Figure 4.19) potential for €25bn of direct savings on annual electricity bills from demand side 

flexibility in their “dynamic” scenario. The study estimates €50bn of avoided investment for 

                                                      
105 EWI (2012), Flexibility options in European electricity markets in high RES-E scenarios, Study on behalf of the 
International Energy Agency (IEA) 
106 490GW in 2008 according to Eurelectric (2013), Electrical Power Vision for 2040 
107 Capgemini (2008), Demand Response: a decisive breakthrough for Europe, 2008 
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peak generation capacity and reinforcement of transmission and distribution networks by 

2020, which we presume is included within that €25bn.  They also have a Moderate scenario, 

for which we cannot find a total cost savings estimate in the report, but they show energy 

savings and avoided investment in each scenario.  We show (Figure 4.20) their more detailed 

assumptions on capacity and energy savings, which gives an indication of how they have 

constructed these scenarios.  Capgemini present a table of studies which they have examined 

which form the basis for their judgment on these assumptions.  They include both implicit 

DSF facilitated by smart meters, and explicit DSF, including smart appliances, in their 

projections. 

Figure 4.19: Summary of Capgemini’s study of DSF savings for EU-15 

 

Notes:  Based on an average cost of €400m per GW of thermal plant, please taking into account an 
average difference between demand and gross generation of 15%, plus 50% additional savings for TSO 
infrastructure (taken on a conservative estimate).  This amounted to €700m per GW avoided. 

Source:  Capgemini (2008), Demand Response: a decisive breakthrough for Europe, 2008 

Figure 4.20: Summary of Capgemini’s assumptions for demand saving and smart meter penetration 

 

Note: * Demand response (DR) participation varies country by country according to smart metering 
penetration.  Dynamic scenario figures are the same for all the country because smart metering 
penetration has been estimated as 100% in every EU-15 country.  Moderate scenario figures vary 
according to different estimated in EU-15 countries.  For example, in Germany, the figures for the 
moderate scenario, with 30% smart metering penetration, are Group 1: 70%,  Group 2, 24%,  Group 
3: 3%,  Group 4: 2%,  Group 5: 1% 

Source:  Capgemini (2008), Demand Response: a decisive breakthrough for Europe, 2008 

Moderate Scenario Dynamic Scenario Dynamic % of EU 2020 Targets

Energy Savings 59 TWh 202 TWh 50%

CO2 Emissions 

reduction
30Mt 100 Mt

25% (50% or electricity industry 

share of obligation)
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28 GW (Equivalent to 56 

× 50MW thermal plants)
72 GW
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Moderate Indirect Direct Indirect Direct Indirect Direct Indirect Direct Indirect

1 Variable 0.10% 0% 0% 0% 0% 0% 0% 0% 0%

2 Variable 39.90% 0% 0% 0% 30% 0% 0% 0% 30%

3 Variable 30.00% 10% 10% 10% 40% 10% 10% 10% 40%

4 Variable 18.00% 30% 0% 30% 30% 0% 0% 0% 30%

5 Variable 12.00% 20% 10% 20% 40% 10% 10% 10% 40%

DR Participation 

Proportions *
Capacity savings Electricity savings
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Faruqui, Harris and Hledik (2009)108 (hereafter, “FHH”) estimate a potential €53bn present 

value of savings from smart metering infrastructure in Europe.  This represents savings in 

capacity, transmission and energy of about €5.8bn per year, as shown in Figure 4.21, netted 

against a €51bn present value cost of smart infrastructure, and €10bn to €25bn of 

administrative savings.  The €53bn savings is in a case of high take up of DSF, as opposed to a 

low scenario where low take up of DSF results potentially in a net loss from the program.  In 

the low take up case, savings in capacity, transmission and energy are only about €1bn per 

year.  These values are equivalent to about €2/kW/yr to €12/kW/yr, based upon peak demand 

of 490GW. 109  These authors stress the need for measures to encourage customer to 

participate in DSF tariffs to achieve a high take up of differentiated tariffs. 

Figure 4.21: Potential annual cost savings achievable with smart infrastructure in Europe in scenarios 
in Faruqui, Harris and Hledik (2009) (“FHH”) 

 

 

Source:  A Faruqui, D Harris and R Hledik (2009), Unlocking the €53 Billion Savings from Smart Meters 

in the EU, The Brattle Group 

Booz & Co (2013)110 studied the EU on behalf of EC DG-Energy, assessing the incremental 

benefits of DSR above the complete integration of the European Energy market.  Full 

                                                      
108 A Faruqui, D Harris and R Hledik (2009), Unlocking the €53 Billion Savings from Smart Meters in the EU, The 
Brattle Group 
109 490GW in 2008 according to Eurelectric (2013), Electrical Power Vision for 2040 
110 Booz & Company (2013), Benefits of an Integrated European Energy Market, Study for DG Energy, 20 July 
2013. 
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integration of the energy market in the sense of this study implies that the EU electricity 

network  is designed and despatched as if it were a single system, a level of integration which 

goes beyond the Target Model.  It also implies the build-out of an optimal quantity of 

interconnection.  The study used a network model of the EU, including the SE Europe and 

Norway, with about 65 zones. 

Figure 4.22: Annual cost savings in the EU energy market from full integration at 2030 in the CPI Primes 
scenario, showing also the incremental benefit of optimal use of DSR, and other scenarios 

 

Note:  “Int” stands for “Integrated and”, “TX” for transmission extension 

Source:  Booz & Company (2013), Benefits of an Integrated European Energy Market 

The study used two scenarios for generation taken from the PRIMES scenarios commissioned 

by the EC, and we show here in the figure the principal result for the CPI (continued policy 

initiatives) scenario, which is usually taken as the standard scenario.  Figure 4.22 shows that, 

as an increment to the value of market integration, DSR is worth €3bn to €5bn per year. 

Our Evaluation 

Gils finds a potential for explicit DSF of around 14% of peak demand in the wider Europe that 

he studied.  This is based upon widespread use of automation in the domestic and commercial 

sector, as well as in industry.  It is therefore not implausible in comparison to the presently 

achieved US experience of achieving up to 10%, since it is assuming a future of widespread 

automated response.  In practice this might be slow to arrive, and it is questionable, in view 

of the more detailed work on smart appliances we note, whether in all countries widespread 

use of automation in the domestic sector will be economic. 
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The EWI (2012) study of the (approximate) EU countries comes up with a developed level of 

DSR by 2050 of around 10% of peak load, against a total technical potential of about 18%.  

Probably their 18% corresponds to Gils’ 14%, and can therefore be seen to be roughly in the 

same area.  EWI (2012) has made the realistic assumption that only a proportion of the total 

technical potential will be developed.  10% is at the current best US level already achieved, 

so it is possible that this is a conservative estimate, or else there may be systematic reasons 

why the US has greater potential.  EWI (2012) find that in their 2050 despatches, large 

amounts of wind-power are spilled, because they find this is more economic than 

constructing additional flexible generation or storage.  This paper therefore does not assess 

what size of DSR resource it would be appropriate to develop, it simply assumes that a certain 

amount will be present.  This is in contrast to Imperial College (2012) study of a similar 

scenario confined to the UK, where they find that it is worthwhile containing windspill by 

obtaining additional flexibility by whatever means. 

The Capgemini (2008) study and the FHH (2009) study stand in contrast for the large 

discrepancy between their estimates of similar things.  Capgemini (2008) study the EU-15, but 

since these represent about 87% of the EU’s electricity consumption,111 the different scopes 

of study should not have a large effect.  FHH (2009) have concentrated on the basic benefits 

that come from smart metering, which is mainly implicit DSF, whereas Capgemini appear to 

tried to include a broad range of sources of DSF as identified by a range of studies.  FHH (2009), 

on the strength of their considerable experience in smart metering pilots, warn that to 

achieve their own upper end estimate a considerable degree of encouragement will be 

required to facilitate DSF through the use of smart meters, to encourage customers to take 

up ToU tariffs with worthwhile peak-shifting incentives, and to pay attention to their energy 

use. 

But FHH (2009)’s optimistic scenario only delivers 20% of the level of the savings in optimistic 

case  in the Capgemini (2008) (rather smaller area) study, and rather less even than Capgemini 

(2008)’s moderate case, albeit that Capgemini (2008) have included the benefits of explicit 

DSF.  The headline energy saving Capgemini (2008) have in their optimistic case amounts to 

around 7% of the energy use in the EU-15, which is somewhat over double the energy savings 

in the smart meter CBAs, and therefore not implausible in a world where there was greater 

engagement in saving energy: some MSs forecast energy savings at this level.  They describe 

the energy savings in the form of reduced electricity bills, but that is not the appropriate 

manner to assess the benefits of reduced energy consumption, since this includes taxes and 

other transfers.  But the total monetary savings they assess, contributing to that saving in 

bills, appear to  mainly arise  founded in system savings rather than direct energy savings.  It 

is evident from examination of their assumptions that they appear to assume large amounts 

of “indirect savings”, of the order of 30% to 40%, in many of their demand groups in the 

optimistic scenario.  If this is supposed to indicate capacity or peak savings, then it appears 

implausible.  The €25bn/yr is equivalent to about €60/kW/yr of peak demand (assuming that 

                                                      
111 Based on Eurostat data. 
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the EU-15 has about 87% of the peak demand of the EU), which is completely out of line with 

all other studies.   

To us, the FHH (2009) study appears more realistic.  The national CBAs of smart metering 

mostly only gave small benefits, presumably because not much encouragement for DSF was 

expected.  Above that baseline, FHH (2009) are probably correct that considerably more 

encouragement for DSF can give worthwhile savings. 

The Booz study is another case where there is explicit consideration of other kinds of flexibility 

in addition to DSR.  The study is mainly focused on achieving full integration of the EU 

electricity market, which includes building out transmission capacity to optimal levels.  That 

is the scenario in which the incremental value of DSR is assessed.  That integration and 

transmission capacity themselves deliver a great deal of flexibility in themselves, above the 

present level.  The incremental value of DSR in this scenario of around €3bn to €5bn, or 

€6/kW/yr to €10/kW/yr, is broadly in the vicinity of the €6/kW/year that was found in the 

dena grid study for Germany.  But in a world where there are impediments to achieving these 

perfect levels of integration, that are assumed for that baseline, the value of DSR is likely to 

be rather greater, as was exhibited in some scenarios of the Imperial College (2012) study of 

GB. 

4.10. Synthesis 

Broadly we can see that there are separate values for implicit and explicit DSF, which are 

additional.  Even when tariffs for implicit DSR approximate much better the supply conditions 

for energy and network conditions transmission congestion, there remains an additional large 

value in the fast flexibility which explicit DSF can deliver, and which is the main focus of 

obtaining value from explicit DSF. 

In Table 4.1, we summarise studies making estimates of the potential benefits from reliance 

on implicit DSF in the EU.  

MSs have come to different views of the scope for energy savings from smart meters in their 

own countries, with the average being €0.8/kW/yr of peak demand (which would imply 

€0.4bn/yr applied to the EU), but ranging up to an estimate of €6/kW/yr in Great Britain, 

(which would imply €3bn/yr if replicated across the EU). Taking into account wider costs and 

benefits, some MSs have not found a cost/benefit case for universal smart metering.  Broader 

estimates of the potential benefit of implicit DSF range up to €12/kW/yr (€6bn/yr if replicated 

across the EU), which is consistent with the findings of some metering trials using stronger 

incentives. 

Smart metering pilots have indicated that where households are engaged by metering 

methods which provide excellent feedback, have effective ToU tariffs probably with a 

narrowly focused peak, and possibly assisted by some automation, it is not unreasonable to 

expect such households to deliver energy savings in the region of 5% to 10% and peak 

reductions in the region of 5% to 20%.  But the household sector is typically half or less of the 
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overall demand for electricity, and large users generally already face more sophisticated ToU 

tariffs.  Nevertheless smart metering plans in MSs appear to be relatively pessimistic about 

obtaining that kind of focus and engagement, and there is likely to remain potential for 

delivering these kinds of energy savings with further focus and institutional change.  The FHH 

(2009) study, founded in those author’s deep experience in smart metering pilots, where the 

value of that for the EU could be €1bn per year with little encouragement, but up to €6bn per 

year with suitable encouragement, appears to us to be the most realistic of the quantifications 

we have examined. 

Table 4.1: Survey of estimates of benefits of implicit DSF in electricity, compared in €/kW/yr where 
possible 

 

 

Source Scope Metric Benefit Origin of benefit Comment

billion € NPV €23 billion 

NPV

Net smart metering 

benefits projected in 

CBA studies, including 

administrative savings, 

net of metering and 

operating costs

Total projected by CEPA from 

study result of €86 per 

metering point.  Many MSs 

appear to have been 

unambitious in relation to the 

uptake of DSF methods.

€/kW/year of 

peak demand

€3/kW/yr

A Faruqui, D Harris and R Hledik 

(2009), Unlocking the €53 

Billion Savings from Smart 

Meters in the EU , The Brattle 

Group

EU €/kW/year of 

peak demand

€2/kW/yr 

to 

€12/kW/yr

Gross energy and 

network benefits from 

smart metering, mostly 

implicit DSF, excluding 

administrative benefits 

and smart metering costs

In the low cases, a net loss is 

made after costs of metering 

and admin benefits.  Achieving 

the high case is contingent 

upon high level of consumer 

engagement.

Bradley P., M. Leach and J. 

Torriti (2013) A Review of the 

Costs and Benefits of Demand 

Response for Electricity in the 

UK

UK €/kW/year of 

peak demand

€6/kW/year Gross energy benefits 

from smart metering 

schemes, mostly implicit 

DSF, excluding 

administrative benefits 

and smart metering cost.  

Also includes resistive 

loss savings and 

environmental savings 

from CO2 abatement.

GB is the most optimistic of the 

EU MSs in relation to the 

overall financial benefits of 

smart metering, albeit that 

energy reduction projections in 

the UK from smart metering are 

less than the 3% average in 

MSs' CBAs.

% peak load 

shift

1% to 10%

Gross energy savings 

(only), arising from 

assorted smart metering 

programs varying by MS.  

Includes demand 

reduction due to greater 

awareness of 

consumption, and other 

measures mostly likely 

to focus on implicit DSF.

Amount projected by CEPA 

from study result of average 3% 

energy saving.  This 3% is likely 

to apply to the newly metered 

customers, not the whole 

market. This level is consistent 

with greater awareness of 

usage and simple ToU tariffs.

EC COM(2014) 356, 

Benchmarking smart metering 

deployment in the EU-27 with a 

focus on electricity

EU
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Table 4.2: Survey of estimates of benefits  of explicit DSF in electricity, compared in €/kW/yr 

 

Source Scope Metric Benefit Origin of benefit Comment

Capgemini (2008), Demand 

Response: a decisive 

breakthrough for Europe

EU-15 €/kW/yr of 

peak 

demand

up to 

€60/kW/yr

Net benefits of DSF, from all 

kinds of schemes, explicit 

and implicit, to 2020

Inconsistent with the results of other 

studies.

Source:  Booz & Company 

(2013), Benefits of an 

Integrated European Energy 

Market

EU 

(approx)

€/kW/yr of 

peak 

demand

€6/kW/yr 

to 

€10/kW/yr

Net benefits of DSR to 

balance supply and demand 

to 2030, taking into account 

a fully integrated market 

with optimal 

interconnection

Much greater savings potential if full 

market integration and optimal 

interconnection levels are delayed

EWI (2012), Flexibility options 

in European electricity markets 

in high RES-E scenarios

EU 

(approx)

% of peak 

demand in 

2050

10% Potential size of explicit 

DSR resource by 2050, 

employed to balance supply 

and demand in a future high 

wind low carbon future

The 10% is intended to be an 

achievable level based on a 

potential level of 18%.  Can be 

compared with the 10% demand 

resources already available in some 

parts of the USA.

H Gils (2014), Assessment of 

the theoretical demand 

response potential in Europe , 

Energy 67 (2014) 1-18

Europe 

(broader 

than EU)

% of peak 

demand

14% Potential size of the explicit 

DSR resource

Total potential size, without regard 

for a trajectory of achievability as in 

EWI (2012)

dena (2010), Grid Study II – 

Integration of Renewable 

Energy Sources in the German 

Power Supply System from 2015 

– 2020 with an Outlook to 2025

Germany €/kW/yr of 

peak 

demand

€6/kW/yr Net system benefit of 

explicit DSR to balance 

supply and demand, mainly 

from avoiding capital costs 

of flexible plant and T&D, 

and reducing wind 

curtailment

Amount projected by CEPA from 

€500m/year total in study.  Study 

assesses appropriate amounts of DSR 

against other sources of flexibility, 

capped by available amount.

S Feuerriegel and D Neumann 

(2014), Measuring the financial 

impact of demand response for 

electricity retailers , Energy 

Policy 65, 359–368

Germany % reduction 

in average 

cost of 

energy

€12/kW/yr Some net benefits of 

explicit DSR to balance 

supply and demand

Implausible quantity of DSR resource 

by comparison with other studies, 

and only partial estimate of benefits

Bradley P., M. Leach and J. Torriti 

(2013) A Review of the Costs and 

Benefits of Demand Response for 

Electricity in the UK

UK €/kW/yr of 

peak 

demand

€0.5/kW/yr 

to 

€19/kW/yr

Net benefits of explicit DSR 

to balance supply and 

demand, and reduce or 

eliminate involuntary 

curtailments

The value in balancing supply and 

demand mostly arises as wind power 

grows from its present level, which 

GB currently has sufficient flexibility 

to cope with.  No estimate was made 

of what proportion of customer 

involuntary curtailments DSR could 

practically avoid.

Imperial College London (2012), 

Understanding the Balancing 

Challenge , Study for 

Department of Energy and 

Climate Change

UK €/kW/yr of 

peak 

demand

€1/kW/yr 

to 

€92/kW/yr

Net benefits of explicit DSR 

to balance supply and 

demand in the context of 

high intermittency in 

generation and 

decarbonisation of energy 

usage

Makes clear that if other flexibility 

technologies are thoroughly used, 

the value of DSR can be low, though 

also dependent upon other factors.  

DSR becomes exceedingly valuable 

for balancing if those other sources 

of flexibility are restrained, or in 

particular demand conditions.

€/kW/yr of 

peak 

demand 

(gross)

€0.5/kW/yr 

to 

€6.4/kW/yr

€/kW/yr of 

peak 

demand 

(normalised)

€0.7/kW/yr 

to 

€1.5/kW/yr

The normalised amount compares 

the above on the basis of a 10% take-

up of DSR, and corrects for some 

other study differences

Brattle Group (2007), 

Quantifying Demand Response 

Benefits In PJM

PJM 

(part), 

USA

€/kW/yr of 

peak 

demand

€1.2/kW/yr 

to 

€2.4/kW/yr

Net benefits of explicit DSR 

delivering a 3% reduction in 

peak demand

In practice the DSR resource 

available to some US markets is up to 

10% of their peak demand

US Department of Energy 

(2006): Benefits of demand 

response in electricity markets 

and recommendations for 

achieving them

USA 

(various 

zones)

Net benefits of explicit DSR 

to balance supply and 

demand, as found collated 

from seven studies of 

prospects for DSR
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In Table 4.2,112 we summarise various attempts to quantify the benefits of explicit DSF in 

varying contexts.  In the shorter term its greatest value is likely to lie in delivering reliability. 

In some USA markets where relatively large quantities of demand side resource are provided, 

they are largely purchased through capacity mechanisms.  Studies focusing on this, 

summarised in Table 2, indicate possible net benefits in the range of €0.5/kW/yr to €2/kW/yr 

(which would imply €0.25bn/yr to €1bn/yr if achieved across the EU).  

In the longer term, the EU is going through a major process to decarbonise its energy usage.  

This development poses two major challenges. 

 Significant penetration of relatively inflexible low carbon generation technologies will 

considerably reduce the efficiency of the demand-supply balancing task, if delivered, 

as now, mainly by generation and storage. 

 Electricity load growth may result from decarbonising applications such as transport 

and space heating which currently mainly use  fossil fuel.  This is also likely to increase 

the peak/off-peak differential, reducing infrastructure utilisation.  

Static ToU tariffs contribute little to managing the first of these issues.  But DSR can increase 

the ability of the system to integrate low carbon generation, while reversing the trend of 

degradation in infrastructure utilisation.  With a sharper peak, energy efficiency is also 

important to improve utilisation, which is under-rewarded by users’ own energy cost savings, 

as already recognised by the participation of efficiency schemes in capacity markets in the 

USA.   

The future financial benefits of DSR are more uncertain.  DSR competes with electricity 

storage, higher flexibility generation, and interconnection to provide flexibility services. The 

value of DSR depends upon the cost and usage of these other sources of flexibility.  

Developments in wind forecasting will also affect the value that demand flexibility services 

can provide. 

Estimates of the financial benefits of DSR in this future vary widely because of these 

uncertainties. Lower amounts (€6/kW/yr to €10/kW/yr by 2030, or €3bn/yr to €5bn/yr for 

the EU) have been found where substantial other sources of flexibility are assumed to be 

added to the system.  Much higher values (up to €92/kW/yr by 2050 in a study on GB, which 

would imply €45bn/yr if replicated across the EU) have been exhibited where such other 

sources of flexibility are not increased. 

                                                      
112 During the proofing period of this report, DG-ENER published KEMA, Imperial College and NERA (2014), 
Integration of Renewable Energy in Europe.  The purpose of the report is to estimate the costs of flexibility 
required to integrate renewables by 2030, in a given scenario.  DSF is treated mainly as a trade-off to the quantity 
of transmission capacity that might otherwise be required, though an estimate of the amount by which it might 
reduce renewables curtailment is also shown.  The main result of the report in relation to DSF comes from 
modelling two scenarios (low and high) for the increased use of DSF, estimating the potential savings in the costs 
of additional transmission capacity needed in the EU by 2030 for renewables integration.  This resulted in an 
estimate of around €10 billion to €15 billion per year (€20/kW/yr to €30/kW/yr).  The model result is shown only 
in graphical form at Fig 129 of that report, hence the approximate nature of the figures reported here. 
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Figure 4.23: Electricity consumption per capita in 2012 in the EU-28 and USA 

 

Source:  CEPA based on Eurostat and US Energy Information Administration data 

Figure 4.244: Electricity consumption by consumer class in 2012 in the EU-28 and USA 

 

Source:  CEPA based on Eurostat and US Energy Information Administration data 

We have seen that in the US explicit DSF resource of up to 10% of peak demand can be made 

available in a sufficiently rich DSR market.  It is not immediately apparent whether the 

European market is more or less capable of delivering such a proportionate level of DSR.  On 

the one hand, the energy usage per capita, both in the household/residential sector113 and in 

total, is two to three times higher in the US than the EU.  This tends to imply that there is 

more discretionary use of energy in the US which can be reduced if required. In particular, we 

understand that a significant proportion of the recent growth in DSF delivery in the US has 

been based upon managing air conditioning load and other commercial uses, with many small 

loads being aggregated by professional aggregators.  On the other hand, the industrial usage 

                                                      
113 The category definitions used by statistical agencies in the EU and USA, in particular “household” as against 
“residential”, may differ to some degree. 
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of electricity in the EU as a proportion of the total is rather higher in the EU than in the US, 

and industrial uses tend to include many large loads that can particularly easily and rapidly be 

reduced in response to demand conditions being communicated. 
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5. THE POTENTIAL FOR DSF SOLUTIONS IN GAS 

5.1. Introduction 

Compared with electricity, the balancing of supply and demand for gas is less time-critical. 

Injection and extraction of gas by buyers and sellers are balanced on a daily basis rather than 

in real time.  Thus gas prices tend to be established for a whole day.  Whilst prices do evolve 

during the day as shippers anticipate what the price for supply imbalance will be (also called 

the cash-out price), so the time at which a shipper enters the market within-day is important, 

the daily balancing regime would make it difficult to demonstrate a value for DSF at shorter 

periods than a day. 

Because day to day swings in gas demand can be met through flexible and relatively 

inexpensive supply sources, gas prices tend to have relatively low volatility from day to day. 

Rather, they predominantly vary seasonally according to the times of year when gas is in 

greatest demand.  Gas consumption is strongly affected by weather, so prices will respond to 

on-going weather as a season progresses allowing better judgment as to whether supply 

conditions will become tight or loose.  For these reasons, the value of DSF in gas is less 

apparent, and its experience is less developed than in electricity.   

First we set out a typology of DSF in gas, describing some arrangements that can be 

considered DSF for gas.  We set out the differences between gas and electricity that explain 

why DSF in gas is different in some regards.  We move on to set out some further 

opportunities for developing DSF in the gas market alone, and then explore the role DSF might 

play in the interaction between gas and electricity markets.  Finally we indicate some 

quantification of the benefits of DSF in gas.   

5.2. Typology and purpose of DSF in gas  

5.2.1. Implicit DSF 

Implicit DSF in gas generally takes the form of supply and network tariffs which vary by season, 

reflecting the seasonality of gas demand and network usage.  The fact that gas is balanced 

daily limits the value of tariffs which would vary within the day.  As in electricity, smaller gas 

customers often have simple, static tariffs.  Just as in electricity, there is an initiative to roll-

out smart meters where appropriate.  But with spot gas prices generally quoted by the day 

rather than the hour, appropriate ToU network and supply tariffs for customers are typically 

seasonal, although in principle they might also vary by day of the week, since demand can be 

lower, for example, at the weekend.  Since many customers have relatively limited ability to 

shift gas demand by season, seasonal tariffs may have rather limited effect on their ability to 

save gas use, in contrast to daily peak tariffs in electricity. Where there are weekly patterns 

in usage, there may be scope for encouraging switching of use to lower demand days. But as 

in electricity, it is possible that increased awareness of their electricity use might facilitate gas 

savings. 
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5.2.2. Shipper mediated interruption 

Some large industrial or commercial consumers contract with their shipper to purchase 

interruptible supply. Gas supply under these contracts can be interrupted by the shipper 

under certain conditions for a specified number of days over the course of a year.  In Great 

Britain, for example, this is typically in the order of 100 days, but can be higher or lower in 

other MSs. Interruption can be exercised for the shipper’s commercial purposes, for example 

to ensure a supply demand balance and avoid cash-out charges, or to sell the interrupted gas 

into the market at a higher price. Interruption of supply is clearly a form of DSF, but the 

available products tend to be limited and rigid. There is not much variability, regarding the 

remuneration for interruption and the timing and length of availability, either in what a 

shipper offers to its customers, or from shipper to shipper.  

Shipper interruption is mostly driven by economic reasons, such as changes in prices, and 

shippers managing their portfolio.  As with DSF in electricity, the advantage of DSF ought to 

be its ability to provide reliability at a timescale when it is necessary, and shipper interruption 

is currently not providing value for that service. 

5.2.3. Resale of contracted gas supplies 

The other established form of DSF is for large consumers to sell on their contracted gas supply 

instead of using it. Certain large consumers, in particular gas-fired power plants, procure gas 

supplies directly in the wholesale market. Given sufficiently high gas prices compared to 

electricity prices, a gas-fired power plant will maximise its profits by selling its contracted gas 

supply back into the market instead of generating electricity from it. This is a market-price 

driven form of DSF. 

5.2.4. System operator mediated interruption 

In some networks there are circumstances where transportation capacity to certain larger 

consumers can only be made available on an interruptible basis because of localised network 

capacity constraints.  In these circumstances the system operator instigates interruption 

when localised demands rise to a certain level, enabling it to continue to provide firm 

transportation to others (e.g. domestic consumers) in the locality. The required duration of 

interruption depends upon the available network capacity – in GB for example this was 

typically 45 days per year.  In return for interruption rights the system operator (SO) charges 

for interruptible transportation at a discount to the firm transportation tariff. 

Where the transportation service is provided on an interruptible basis, there will need to be 

an interruptible supply contract between shipper and consumer. The contract will specify the 

circumstances in which interruption rights might be exercised; this might be for example only 

where the transporter requires interruption for capacity purposes; alternatively rights might 

extend to other situations where the shipper requires interruption for its own commercial 

purposes.   
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The GB distribution networks use auctions to procure the required capacity of interruptible 

transportation contracts for congestion management of network capacity constraints.  But 

interruptible transportation services are only available in a few areas where firm service 

cannot be offered because of localised constraints.  The requirement to acquire firm 

transportation for the majority of consumers in these networks may act as a disincentive to 

put in place DSF contracts as there are no transportation savings to be shared between 

shipper and consumer. 

The SO role in interruption can be extended beyond its use purely for capacity management 

purposes to address system balancing requirements.  SO mediated interruption could be used 

in response to supply constraints or emergency conditions, especially where there are doubts 

as to the efficiency and effectiveness of shipper mediated interruption for these purposes. 

5.3. Differences between the gas and electricity industries 

Like electricity, natural gas is supplied through networks and is subject to similar rules and 

regulations across the EU in respect of both the liberalisation of the supply of gas and also in 

the environmental measures introduced to reduce emissions. However, there are some 

fundamental differences between the gas and electricity industry. In this section we discuss 

the three main differences. The first is that natural gas is an extractive industry whereas 

electricity generation is a manufacturing process. Second, we note that natural gas can be 

stored comparatively easily and economically so that storage can provide an economic 

method of meeting peak demand, even catering for reliability and emergencies, as an 

alternative to DSF. In contrast, there is no simple, scalable or economic method of storing 

electricity yet available, beyond the limited hydro resource, so the electricity market in 

practice requires instantaneous balancing. Third, the market for natural gas is different. 

Unlike electricity, natural gas is a discretionary purchase with alternative fuels available for 

many  uses of gas, albeit involving an initial cost for conversion to the alternative. It is 

currently the preferred fuel because it is comparatively clean, convenient and generally 

competitively priced when compared to alternatives. In contrast consumers have few 

practical alternatives for most of the uses of electricity. In addition a significant proportion of 

the gas is used for space heating, which means that gas demand peaks during the winter. 

Therefore prices tend to vary seasonally rather than hourly and supply has to be managed 

over the whole year.  

An extractive industry 

Natural gas is a naturally occurring commodity which is extracted by drilling wells into the 

geological strata where it can be found. Thus a molecule of gas can only be produced once 

from any reservoir.  Production rates can in principle be varied, thus the very act of producing 

gas is one of removing it from storage.  Whether that production facility is economically 

usable in the same way as commercial storage depends upon its location, the physical nature 

of the reservoir and other factors.  



72 

Gas storage 

Natural gas can be stored after initial extraction so that it is available when demand is high, 

for example during periods of cold weather. Gas can be stored underground in either 

depleted gas fields, or aquifers, or salt cavities, where a cavity is leached out of naturally 

occurring salt strata. Gas can be stored above ground as liquefied natural gas (LNG) or as 

compressed natural gas (CNG). In addition to using gas storage to balance supply and demand 

over the year, some Member States hold strategic reserves in store as a contingency where 

they have a high level of import dependency. Gas can and is stored in the gas transportation 

system by operating the system at a higher pressure than is needed just for conveyance alone. 

This form of storage is known as ‘linepack’ and is generally used to smooth out demand 

variations during the day. LNG storage often, but not exclusively, forms part of a supply chain 

where shipped to market as LNG. 

Clearly the economics of each individual type of gas storage depends upon the circumstance. 

But in all cases most of the capital cost goes into creating the facility to store the required 

volume. Once in place the marginal cost of using storage facilities (the injection and 

withdrawal cost) tends to be quite low compared to the cost acquiring capacity in the facility. 

For example, DG-TREN (2008)114 says that “In comparison to the capital costs of storage the 

injection and withdrawal costs are notably lower of but show a considerable degree of 

heterogeneity with a number of pricing mechanisms currently in use throughout Europe.”  

We look in more detail at the capital and operating costs of gas storage below. 

With LNG facilities the cost of re-gasifying the LNG is relatively low so most operators ensure 

that there is sufficient capacity to maximise the benefits of short term price spikes. The same 

is true, but to a lesser degree, for other forms of storage. 

Thus the primary challenge for the industry is to ensure that there is sufficient stored gas 

available to assure supplies over the whole of the winter. Of course operators also have to 

ensure that there is sufficient gas to meet short term peaks in demand and outages of parts 

of the system.  Storage is an option for dealing with many of these events. 

The market for gas 

Natural gas is used for power generation, in industrial processes and for space heating, water 

heating and cooking in the residential and commercial sectors. As has been noted in the 

introduction, while natural gas is ubiquitous in these sectors across the EU, natural gas is a 

fuel of choice. Due to the dominance of its use for space and water heating and because 

supplies are balanced on a daily basis, there is limited opportunity to ‘time shift’ demand 

away from peak periods.  Whilst a requirement to control demand might arise at fairly short 

notice as demand conditions develop, because gas is balanced over a whole day, useful 

shifting of demand needs to result in a reduction of total demand over day or longer.  

                                                      
114 DG TREN (2008), Study on natural gas storage in the EU, October 2008 
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Although heat can be stored, it is relatively impractical to provide demand  shifting of a 

duration of a day or more.  The time-shifting of heating applications is more practical on a 

time-scale of hours, a time scale which is more valuable for balancing in electricity than gas. 

It is also worth noting the impact of the Energy End-Use Efficiency and Energy Services 

Directive (2006/32/EC), which requires Member States to reduce gas consumption.  In 

practice, the availability and roll-out of more efficient appliances at worthwhile prices, and 

the availability of capital to make efficient decisions on insulation, is facilitating natural energy 

saving.  In many markets this is reducing the overall demand for gas, and thus the gas network 

is gaining spare capacity.  Until changes occur that may make the market tight again, or assets 

are abandoned rather than maintained, the usefulness of DSF for balancing is reduced.   

Summary 

The drivers for DSF in the gas industry are different from those in electricity. Gas flexibility 

requires sufficient duration to be useful.  But the main applications for which gas is used, 

mainly space and water heating, are difficult to flex on sufficient timescales.  It is usually 

flexible only on a timescale of hours, and are therefore not as usefully flexible as electricity 

loads, for which such durations of flexibility are more relevant to the balancing problem in 

electricity.  But gas demand is open to substitution, at least in the longer term, by other fuels 

or as a dual fuel opportunity, which presents some useful opportunity for flexibility, either 

between gas and other fossil fuels, or between gas and electricity. 

With the exception of those gas markets that are still developing, and some local growth, 

overall per capita demand for gas in the commercial and residential sectors may be expected 

to fall because of increasing efficiency.  Thus the pressure for new investment in storage, 

transmission and distribution capacity is likely to be limited and localised. New capacity to 

enable continued supplies will need to be brought to market as existing ones are exhausted, 

and there will be a benefit in minimising these investments but many of these investments 

will be outside EU borders. 

5.3.1. Opportunities for DSF in gas 

In this section, we discuss some opportunities for developing the market for DSF in gas. 

Shipper mediated interruptible contracts and resale of contracted gas 

Shipper mediated interruptible contracts have long been a feature of gas markets in some 

countries.  Gas is sold at a discount on the condition that, when demand is high, the supplier 

can temporarily terminate supply. Interruptible gas is conventionally sold to large industrial 

and commercial users who can either suspend production or can switch to an alternative fuel 

(usually oil) during the period of interruption.   

Larger customers now have good alternatives to shipper-mediated interruptible contracts.  

Given the liberalisation of markets and spread of technology, customers now increasingly 
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have the alternative of re-trading their contracted gas into the markets, providing DSF directly 

rather than through a shipper intermediary.  Re-trading gives them greater control over 

whether to provide interruption by comparison with the value of gas in the spot price of gas 

and their own situation.  Many customers may therefore prefer to engage with the markets 

rather than delegate their shipper the right to interrupt them when the shipper makes his 

own decisions over value.  An explicit form of DSF can be internalised as a better implicit form 

of DSF. 

System operator mediated interruption 

There can be value in interruption of customers for managing system reliability, demand and 

supply emergencies, and transmission constraints, just as in electricity.  Indeed, as in 

electricity, there are prima facie reasons for thinking that this is the market where DSR should 

have a comparative advantage. 

The UK Office of Gas and Electricity Markets (Ofgem) has proposed a tender mechanism for 

the SO to procure emergency interruption, as set out in Ofgem (2013).115 Such a SO mediated 

DSR mechanism would not preclude commercial DSR continuing to be mediated by suppliers.  

Ofgem have suggested that this might offer competition and reinvigorate the market. 

Pöyry (2014)116 carried out a cost benefit analysis of several alternative forms for this 

mechanism.  In their study, Pöyry believed the main kinds of incidents where DSR might be 

valuable were supply failures: the failure of one of the main routes of supply to the country, 

including the possibility of supply from a major gas storage fields, particularly if it occurred 

during the winter peak demand period.  They also considered the risk of an unusually cold 

winter. 

Pöyry observe that Great Britain currently has sufficient capacity that it can largely cater for 

such a supply failure or rare weather event, since demand for gas has been falling as a result 

of greater efficiency.  In a future trending towards further efficiency and decarbonisation, 

which are the most common scenarios, this reliability in supply would remain, despite 

changes in the balance of supply as time progresses.  Only in a future where the demand for 

gas is relatively high among currently expected scenarios could these events cause a supply 

emergency.  In the worst case, a loss of the main source of LNG imports, a supply emergency 

during the peak could result in unserved demand of around 15% of peak demand for some 

weeks.  

In such a high demand scenario, a supply emergency would cause the requirement for 

substantial curtailment of supply, which would have a large cost. In supply emergencies in the 

GB, the power exists to instruct certain customers to curtail, largest first, and currently they 

                                                      
115 Ofgem (2013) Gas Security of Supply Significant Code Review – Demand-Side Response Tender Consultation 
116 Pöyry (2014) Gas SCR – Cost-Benefit Analysis for a Demand-Side Response Mechanism, report for Ofgem, 
January 2014 
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are not compensated.  Simultaneously, the SO ceases to take market balancing actions and 

the cash-out prices (i.e. end of day imbalance charges) are “frozen” at their then existing level.  

Pöyry have estimated the cost of this curtailment using a value of lost load (VoLL), which has 

been the subject of a study by London Economics (2011).117  The DSR mechanisms Pöyry 

studied would not result in the SO procuring sufficient interruption to avoid all involuntary 

curtailment, indeed only a modest part of it would be reduced in the worst cases, with the 

savings of around 10%-20% of the curtailment costs, assessed using the VoLL. 

Pöyry studied several possible DSR tender mechanisms, and found that some of them offered 

a worthwhile net benefit in high demand scenarios, but only cost in other cases.  The main 

factor identifying the mechanisms which offered positive net value was that they had no 

availability fee, and paid only an exercise fee.  This obtained the flexibility more cheaply, and 

thus offered value for money, assuming a high demand future.  This is a different finding from 

what is common in electricity, and probably arises because the need for demand flexibility in 

the GB is infrequent.  They considered these options in parallel with reform of the emergency 

arrangements for cash-out. 

Following this favourable finding, Ofgem (2014)118 made a proposal for implementing a 

tender process for gas DSR in Great Britain, which is currently under consultation.  A key part 

of this is the reform of cash-out arrangements.  In future involuntary curtailment will be 

recompensed, and cash-out prices will continue to be dynamic in an emergency, but the cost 

of network isolation is set at £14/therm (about €600/MWh), which is understood to be the 

VoLL for domestic customers, who generally have a higher VoLL than industrial and 

commercial.  The proposal under consultation at this stage is not a design of a DSR 

mechanism, rather a reform of the licence conditions on the SO to facilitate them to design 

and operate such a mechanism.  Thus we can say only that the SO will be empowered to 

procure interruption services (which for legal reasons will be mediated via shippers), and that 

it will call that interruption.  Ofgem has recommended that the mechanism should be 

rewarded on exercise, but without payment for availability. 

The space and water heating market 

As evidenced in the discussion on electricity, the emergence of smart appliances and domestic 

communication networks which can be used to control them, creates an opportunity to 

control remotely both individual appliances, and more generally the heating and hot water 

system of a dwelling at modest cost. This control can be exercised by either the resident, or 

by agreement, the energy supplier or specialist energy services intermediary can be assigned 

the right to control them within specified parameters. Moreover hybrid heating systems, 

which facilitate switching between fuels, typically gas and electricity, are emerging in the 

search for increased energy efficiency. These individually and together create an opportunity 

to manage demand in a way not previously available.  A simple method of delivering flexibility 

                                                      
117 London Economics (2011), Estimating Value of Lost Load (VoLL), Report for Ofgem 
118 Ofgem (2014), Gas Security of Supply Significant Code Review, Final policy decision, 12 February 2014. 
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is to arrange to reduce the temperature of a thermostat by a small amount in certain 

circumstances. 

Such arrangement can use smart meters to communicate. But  most of the systems currently 

available rely on the user’s own internet and wifi network for its communications. Thus 

installation of a smart meter, to verify changes in consumption, can be advantageous, but is 

not a prerequisite for such functionality. 

Hybrid heating systems include, for example, systems where a gas boiler is installed in series 

with an air/water heat pump. When demand is at peak, one might expect the capacity of the 

heating system to be fully utilised. However, for most of the year the system can constantly 

rebalance the proportion of heat produced from the heat pump and from the gas boiler. 

Amongst other things, this decision can factor in the prevailing market price of both gas and 

electricity. Other technologies that are emerging include Stirling engines, small scale 

combined heat and power (CHP) and gas engine driven heat pumps, which provide 

opportunities for making short term substitutions between electricity and gas in response to 

supply condition on a scale interesting for domestic and small business situations.  But at this 

point in their development it is impossible to see which will be successful, if any. 

Summary 

The natural gas industry has undertaken a degree of DSF by offering interruptible supplies to 

large consumers who could either suspend production or switch temporarily to an alternative 

fuel. 

The emergence of new hybrid appliances and more effective system control via the internet 

creates the opportunity for DSF in the space heating and hot water market. The benefits 

include the potential to reduce peak demand and also the opportunity to optimise between 

the gas and electric markets. 

5.4. Interaction between the gas and electricity markets 

In this section we consider the interaction between the gas and electricity markets insofar as 

it concerns DSF. The development of renewable energy such as wind and solar may fail to 

reduce the amount of installed thermal generating capacity required by a large amount, but 

it will certainly reduce the time it is required to run. As much thermal capacity is gas fired, this 

will have consequences for the gas industry. The ability to switch load, even in a limited way, 

between gas and electricity in the space heating and hot water market creates the potential 

to optimise between them. While the focus has traditionally been on using DSF to reduce 

peak demand and hence installed capacity, the potential also exists to use DSF to find a useful 

‘sink’ for surplus renewable electricity when it might otherwise be constrained off the system, 

and thus save the cost of consuming some gas. 
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Impact of renewable energy on the gas network 

The introduction of renewable energy as a source of electricity has consequences for the gas 

supply industry. With the exception of hydro-electric schemes, renewable energy cannot be 

relied upon to be available when it is required. So far there are no large or efficient methods 

of storing electricity until it is required. For example, schemes such a pumped storage are at 

least as costly as generating electricity thermally and involve significant losses. Intermittent 

sources of energy such as wind and solar require sources of flexibility to balance their 

intermittency, especially when their intermittency is hard to forecast.  Certain types of gas-

fired generators supply an important form of flexibility, as we discussed in the section on 

electricity, though other technologies can also substitute.  But to the extent that they are 

being used with lower load factor, this tends to increase their average cost of production.  

What we currently do not know is how the availability of renewable energy will correlate with 

periods of high gas demand, when the stored gas is required to meet demand.  It is possible 

that DSF will be useful to release gas supplies for increased generation when intermittent 

supplies are scarce. 

Potential to switch between gas and electricity in space and water heating markets  

As has been noted, unlike electricity, natural gas can be substituted by other fuels. The 

emergence of hybrid heating systems provides some, albeit limited, potential to switch 

between gas and electricity depending on the conditions in the markets. Similarly, for 

premises with hot water tanks (as opposed to direct water heating systems) the water can be 

heated either using the gas boiler or direct electric heating using an immersion heater. 

Consequently the opportunity exists to ensure that electricity (or gas) use is minimised during 

periods when demand is at or approaching the peak. Similarly these systems could be 

remotely switched to prioritise electricity usage when surplus renewable energy would 

otherwise be constrained off of the network.  

Summary 

The increased use of intermittent sources of generation occasionally produces a surplus of 

very cheap electricity, which fuel switching enabled by smart appliances and hybrid 

technologies can take up, and thus avoid power spilling while saving gas at such times.  At the 

same time, it generates a requirement for increased flexibility in generation, which gas-fired 

generation is likely to play a major role in providing.  This may increase the size of gas demand 

peaks if there are coincidences between gas demand for non-generation and generation uses, 

potentially presenting a value in for DSF for the non-generation uses, which typically have 

lower VoLL. 
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5.5. Quantifying the benefits 

As thinking on DSF in the gas market is only now emerging, the quantification in this report 

is, of necessity, rudimentary. In this section we look at the evidence from smart metering, the 

valuation of emergency DSR in relation to the VoLL and storage, and the value of DSR for 

distribution congestion.  We do not consider shipper mediated interruption, since that 

interruption is essentially economic in origin and is valued in the spot market. 

5.5.1. Smart metering evidence 

As for electricity smart metering, CBAs of smart metering roll-out in gas have been carried 

out.  A summary of the CBAs is likewise reported in EC COM (2014) 356 (Figure 5.1).  The cost 

of gas smart meters appears to be rather lower than electricity smart meters, and not in such 

a wide range, which may be due to a view that they do not merit so much functionality as 

electricity meters.  The benefits are wide range, but clustered at the lower end, and on 

average lower than the costs.  Twelve member states found a negative cost-benefit case 

(Belgium, the Czech Republic, Denmark, Finland, Germany, Greece, Latvia, Portugal, Romania, 

Slovakia, Spain and Sweden).  This has resulted in only a minority of MSs deciding to roll out 

smart meters for gas (Ireland, Italy, Luxembourg, the Netherlands and the UK have made a 

decision; France and Austria were yet to make a final decision at the time of writing of EC 

COM (2014) 356 but appeared likely to follow suit). 

Figure 5.1: Summary of CBAs of gas smart metering 

 

Note:  Average is shown as  Average ± Standard Deviation 

Source:  EC COM (2014) 356, Benchmarking smart metering deployment in the EU-27 with a focus on 

electricity 

Nevertheless, MSs do report some level of energy savings from gas smart meters, quite high 

in some cases.  We have observed above that ToU tariffs have a limited ability usefully to 

direct consumers’ consumption in a domestic situation, since most domestic gas applications 

do not have useful flexibility on a timescale which could be useful to gas balancing.  It is 

possible that the modest saving effect is mainly due to better information and reduced theft. 

Range of Values Average based on all data

Discount rate 3.1% to 10% n.a

Lifetime 10 to 20 years 15-20 years (75%)

Energy saving 0-7% 1.7% ± 1% (55%)

Cost per metering point €100 to €268 €200 ± €55 (65%)

Benefit per metering point €140 to €1000 €160 ± €30 (80%)
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5.5.2. Emergency DSR 

Pöyry (2014)119 valued emergency DSR in gas in GB in relation to the VoLL for customers who 

are curtailed.  Ofgem has apparently determined that the VoLL for domestic customers shall 

be taken to be £14/therm (about €600/MWh) on average.  London Economics (2011) show 

VoLL in various industrial and commercial applications is mostly lower than that, but also 

predominantly above 20% of the domestic value.120  Clearly a few have a lower valuation, but 

this suggests a merit order of curtailment in which those with lower VoLL can be rewarded to 

the advantage of those at higher VoLL, and voluntarily offer to curtail at a strike price 

somewhere intermediate in the range from €120/MWh to €600MWh, assuming it is fairly 

large quantities that are required to deal with a  supply emergency. 

An alternative way of looking at the value of DSR is to consider the cost instead of storage, 

which is the main potential substitute for DSR.  In GB, the Rough seasonal storage facility 

provides a 67 day duration service – at the maximum withdrawal rate the inventory can be 

fully withdrawn over 67 days. This service could be used as a substitute for a DSR contract 

allowing 67 days per annum of interruption.  Centrica Storage prices capacity in Rough at a 

premium (typically around 10%) to the basic intrinsic value, computed as illustrated in Figure 

5.2.  This suggests a value of the storage space capacity of a little less than €6/MWh/year.  To 

this must be added the financial holding costs of the gas, which might be roughly of the order 

of €1/MWh/year, and €1/MWh for injection, withdrawal and transmission system charges. 

Thus if we can purchase a sufficient quantity of DSR to deal with the emergency at say, 

€200/MWh, then that is around 25 times the cost of seasonal gas storage.  Thus in a purely 

actuarial sense it would be worth buying the storage whenever the incident we are protecting 

against is in a category expected to occur more often than once every 25 years or so.  But as 

the types of events we are protecting against become rather less frequent than that, the DSR 

would be cheaper.  Since volatility has a cost, then this may extend the range for which 

storage is better value, since its costs are less volatile than paying for DSR on exercise.  The 

values here are purely illustrative, since the strike price for DSR is not yet known. 

                                                      
119 Pöyry (2014) Gas SCR – Cost-Benefit Analysis for a Demand-Side Response Mechanism, report for Ofgem, 
January 2014 
120 The situation of gas-fired generation is complicated.  When the electricity system is unstressed, the value of 
gas to generators is related to the electricity spot price, which implies a VoLL for generators much lower than 
these values.  But when the electricity market is under stress, and a gas-fired generator may be providing 
reliability services to the electricity market, and at those times the VoLL for generators is higher even than 
domestic VoLL, since avoidance of electricity curtailment is seen as more valuable than gas.  This means that in 
practice generators are not subject to involuntary curtailment, since they curtail voluntarily when it is economic 
to do so.  This has led to a debate as to whether generators should be debarred from participation in gas DSR 
tenders, but in practice in a suitably designed mechanism this is not necessary. 
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Figure 5.2: Assessing the intrinsic value of a year’s worth of gas storage 

 

Source: TPA analysis 

Another way of assessing the cost of storage is to consider the investment cost of storage.  

This produces a cross-check in case the figure above was substantially distorted due to a 

significant shortage or excess supply of storage capacity in the market.  Figure 5.3 indicates 

gas storage capital costs mostly in the range of €0.4/m3 to €1/m3, which is roughly €40/MWh 

to €100/MWh.  If we consider that a rate of interest chargeable to recover that €40 to €100 

might lie in the region of 4% to 7% for such stable long term infrastructure investment, then 

it tends to suggest that the annual storage cost of €6/MWh is likely to be broadly sufficient to 

cover the capital costs of gas storage, given the operating costs of storage are low. 

The implication of this order of magnitude calculation, given these costs of storage and VoLL, 

is that storage, including the depreciation of its capital costs, is likely a cheaper solution for 

protecting against more frequent incidents, and DSR is likely to be cheaper for less frequent 

incidents, perhaps on a scale of beyond decades, at least in terms of emergency management. 

In purchasing additional storage for management of emergencies, it is necessary to be aware 

of the diversity of storage.  One of the risks is that the storage facility becomes unavailable.  

Thus diverse storage has a greater value, and also reduces the impact of the loss of any given 

store. 

Forward prices
23.04.12
p/therm

Bid Offer Average

Q2 2013 60.60 60.80

Q3 2013 60.40 60.60

Average Q2 and Q3 60.50 60.70 60.60

Q1 2014 73.25 73.55 73.40

Spread 
Q1 2014 v Q2/Q3 2013

12.80

Seasonal storage market valuation
Basic Intrinsic Value

Basic intrinsic value

p/ therm
space

€/MWh
space

12.80 5.33

Assume 2.4 p/therm = 1 €/MWh
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Figure 5.3:  Investment costs in €/cubic metre for various types of gas store 

 

Source: DG TREN (2008), Study on natural gas storage in the EU, October 2008 

Although we argue that for sufficiently large quantities long-term storage is usually cheap in 

comparison with emergency DSR, even if gas requires storing for decadal time periods, we 

are not intending to imply that storage is always the cheapest form of flexibility.  In recent 

years, wholesale prices in Europe for both gas and LNG have tended to be close to the range 

of €20-€25/MWh,121 or about three or four times the cost of annual storage.  Storing gas over 

decadal time periods would therefore appear to be expensive in comparison to simply buying 

more gas when required, assuming sufficient delivery facilities exist. 

Increased gas delivery facilities, whether pipeline or LNG landing facilities, to be used at 

reduced load factor, are an alternative form of flexibility which competes with gas storage, 

but we do not explore the comparison between them here.  If spare delivery capacity has 

been constructed, additional delivery still needs to be obtained at notice periods short 

enough to respond to the supply conditions arising, that timescale being defined by the time 

to exhaust gas deliverable from local short term stores.  Sometimes, timely additional delivery 

will be achievable, assuming sufficient delivery facilities exist.  Long term gas storage and 

emergency DSR both provide for the risk that obtaining additional delivery on a sufficiently 

short timescale is unavailable.  One reason for a supply emergency is the non-availability of 

certain sources of gas.  This are clearly complex trade-offs involved in choosing an optimal 

portfolio of flexibility.  But these observations do not alter the argument that emergency DSR, 

at least on a substantial scale, is mainly useful for dealing with infrequent supply conditions. 

                                                      
121 Quarterly Report on European Gas Markets, Q2 2013, EC DG-Energy 
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5.5.3. Gas Transportation 

Another potential value of DSR is to delay the expansion of congested transmission or 

distribution systems.  Many gas systems in Europe today are experiencing a decline in demand 

as energy efficiency increases, but there can be local growth in some places, and given the 

large costs of expanding capacity, delaying the expansion is desirable. 

Ofgem attempted to quantify the value of demand side flexibility for deferred network 

investments via option theory.122  Ofgem explained that real options analysis seeks to value 

flexibility in investment opportunities – both the flexibility offered to management once the 

investment is undertaken, and the flexibility of delaying the investment through time. The 

real options approach contrasts with the standard approach to investment decision making, 

the net present value (NPV) approach, which assumes the investment opportunity is a now-

or-never decision, and once the investment is undertaken, there is no scope for managers to 

react to new information and to change course. By ignoring the value of flexibility, the NPV 

framework has a bias towards projects which do not provide flexibility (e.g. large scale capital 

investments) relative to more flexible options (e.g. interruptible contracts or demand-side 

options in the context of energy networks). Ofgem identified the factors which lead to high 

real option values, and the circumstances under which a real options framework should be 

applied. Ofgem concludes that a real options approach should help decision making where 

the investment environment is characterised by uncertainty and management flexibility in 

responding to investment needs. 

Gas Industry Co, a New Zealand industry body, commissioned several studies regarding 

demand side flexibility for congestion management and deferral of network investments.123 

These studies consider demand interruption and curtailment as well as the potential for 

shifting demand from weekdays to weekends. 

A simpler approach to valuation is to assess the cost of the main alternative.  Since LNG is 

increasingly available, an increasingly common technique used to cater for short-term pipe 

congestion is to use a road-tanker to inject gas downstream of the bottleneck.  The cost of 

operating this temporary reinforcement method would set a ceiling on the value of gas DSR 

for dealing with local network congestion, and tends to suggest it is not large. 

5.6. Summary 

The main focus of DSF so far has been on the electricity market. This is because of the clearer 

value of DSF in that market we have recorded above, albeit that it varies substantially 

depending upon market circumstances.  Shipper mediated interruptible contracts have been 

a long-standing institution in the gas market.  But since this interruption was mainly on 

                                                      
122 Ofgem (2012): Real Options: An application to gas network interruptible contract auctions 
123 Gas Industry Co (2014), Investigation of possible scale of gas demand management on the Vector North 
system, 5 March 2014.  Concept Consulting Group (2012), Gas Supply and Demand Scenarios 2012-2027, 
December 2012. 
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grounds of economics, ie the spot price of gas, and there is today greater accessibility to the 

gas markets, consumers of a size who might in the past have purchased interruptible gas are 

better able to engage directly with the energy markets and gain the economic value of their 

flexibility for themselves without the intervention of a shipper. 

Smart meters are coming to some gas markets, albeit not on such a widespread scale as in 

electricity markets.  It is not obvious that this will enable useful levels of implicit DSF, since 

most customers cannot take advantage of seasonal tariffs to rebalance their usage.  But they 

may facilitate some greater care in energy use. 

System Operator mediated DSR is potentially useful for managing demand and supply 

emergencies.  It is a substitute for storage, and the price and availability of storage suggests 

it will only be valuable for relatively rare emergencies, since more frequent emergencies can 

be more economically handled by increasing storage.  Many gas systems have experienced a 

reduction in demand of late, due to increased energy efficiency and low population growth, 

and therefore have spare capacity which reduces the frequency of such emergencies. 

DSR can also help delay system strengthening when there is local growth in demand, or 

replacement of life-expired assets.  A substitute approach for occasional congestion is to 

tanker LNG and inject it downstream of the bottleneck, and this alternative will place an upper 

bound on the value of DSR for these purposes. 
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6. CASE STUDIES 

In this section we describe the experience with demand side flexibility for electricity in three 

Member States (MSs). The context and motivation for demand side flexibility can differ widely 

between countries. We therefore chose three MSs that span a wide range of different 

premises for demand side flexibility. In particular the three MSs differ regarding their 

generation portfolio, interconnection capacity and proportion of consumption by energy 

intensive industries. 

Compared to the EU, leading practice in DSF is exhibited in certain regions of the USA, 

especially the ISO-New England and PJM Interconnection regions, where available demand 

side resources for explicit DSF are in the region of 8% to 10% of peak demand.  In other parts 

of the USA, the available demand side resources are much lower, eg, in Texas it is only around 

2%, which shows that even in a liberalised market for energy the uptake of demand side 

flexibility depends on the institutional context and on the implementation of explicit 

mechanisms for purchasing efficient demand-side resources. 

Markets such as PJM have multiple programs to purchase demand side resources, in order to 

match valuable requirements to the ability to deliver of the DSRs.  The most significant part 

of the PJM DSR program is categorised as emergency response, which might also be called 

fast reserves.  This is achieved through PJM’s capacity market, where several different 

standards of demand-side response can deliver reserves.  Demand side resources can also 

participate in several ways in what is termed the economic program, participating in day 

ahead markets and various ancillary services mechanisms.  These multiple routes to market 

allow DSR to earn money for several of the services it delivers to the market, just as energy 

resources (generation, release of stored energy) can. 

In the following we describe the situation in Denmark, Germany and Great Britain.  We 

summarise some key themes below. 

Denmark’s demand response program is mainly in relation to CHP schemes.  Although 

Denmark has large amounts of wind resource and little thermal back-up, it has external 

interconnection amounting to about 70% of its peak demand, which is an unusually large level 

of interconnection for a country.  There are large sources of flexibility available to it via this 

interconnection.  In particular the interconnector to Norway provides access to rapid 

balancing capacity from hydropower. Its large connections both northward and southward 

give it access to substantial regional generating reserves when it is short of power.  Denmark 

thus has considerable flexibility to balance externally. Denmark’s focus for demand side 

flexibility therefore is the efficient use of wind generation, in particular the avoidance of wind 

curtailment, and so far it has rarely had to curtail wind at all. 

Germany has incorporated large amounts of intermittent generation into its portfolio, and is 

phasing out nuclear generation. It has ambitious targets for decarbonisation, but is falling 

behind on them. Because of the growing intermittency of generation, it now has substantial 
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requirements for balancing which are less related to the variation between peak andoff-peak 

demand than intermittency and geographical distribution of supply.  The average price 

difference between peak and off-peak periods of demand is now only 10%, but prices are 

volatile which reflects balancing requirements rather than static demand distributions.  

Although Germany now appears to have a substantial balancing requirement, and has 

identified substantial value in explicit DSF, it is among a minority of member states in not 

mandating a universal roll-out of smart meters which might have assisted in delivering some 

of that flexibility, and it has no confirmed plans for a capacity market. 

Great Britain currently has installed capacity of wind energy resources of about 16% of its 

peak demand.  Its interconnection to the continent is around 5% of peak demand, which is 

small, but not surprising for a large island nation.  Currently it has been able to limit wind 

curtailment to a low level with some internal reinforcement, as it has sufficient flexibility to 

manage this level of intermittent capacity.  Great Britain has plans to increase wind capacity 

by around 60% by 2020, and 300% by 2030.  These will present a much greater integration 

challenge.  There are currently demand side programs in which medium-sized consumers can 

participate via aggregators, as well as large consumers directly. Great Britain is committed to 

universal rollout of smart meters, a capacity mechanism, and a separate auction to procure 

emergency DSR.  The arrangements under which DSR may participate in the capacity 

mechanism remains to be worked out. 

6.1. Denmark 

Denmark consumes 34 TWh of electricity per year with an annual peak load of 7 GW. 

Denmark’s electricity retail market124 is fully liberalised since 2003 and its wholesale market 

is integrated into the Nord Pool Spot125 market. While electricity prices before taxes are below 

the European average,126 the electricity prices for residential consumers are amongst the 

highest in the world largely due to taxes and levies. 

Denmark’s electricity grid is connected to the neighbouring countries Norway, Sweden and 

Germany. The total capacity of these interconnectors is approximately 5GW. Denmark’s 

electricity grid is operated as two separate parts, which are synchronised with the Nordic and 

continental grids respectively.  The two parts of the Danish grid are connected by a 600MW 

link, which has been in operation since 2010. 

Demark has no nuclear generation capacity and almost no hydro power. While Denmark has 

natural gas resources, imported coal retains an important role for the generation of electricity 

and combined generation of heat and electricity. Denmark has significant capacity for wind 

power, which already supplies over 30% of electricity consumption. The Danish government 

                                                      
124 IEA (2011) 
125 Nord Pool Spot company website: http://www.nordpoolspot.com/ 
126 Danish Energy Association (2014), Follow the Current, 2014. 

http://www.nordpoolspot.com/
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energy strategy aims at 50% of electricity from wind power in 2020127 which exceeds 

Denmark’s commitment under the EU Renewables Directive.128 Renewable energy in 

Denmark is supported via feed-in tariffs. 

Despite the high proportion of wind energy in Denmark’s generation portfolio there has been 

little investment in thermal back-up generation capacity. Back-up capacity for intermittent 

renewable energy sources is primarily provided through international interconnectors. 

Similarly, the interconnectors allow the export of wind energy generated in excess of local 

requirements, meaning that curtailment of wind energy has so far occurred only in a few 

isolated incidents.129 

Demand side flexibility is a key component of the Danish government’s smart grid strategy.130 

The main motivation for increased demand side flexibility is better use of wind and other 

renewables by shifting demand to periods with high generation from wind power. 

Consequently the smart grid strategy includes the plans to introduce time-of-use tariffs and 

hourly settlement procedures, the details of which are still under development. Suitable 

smart meters are currently installed at 50% of all sites, which account for 75% of electricity 

consumption. Universal rollout of smart meters is planned by 2020. 

Space and water heating plays a prominent role in demand side flexibility in Denmark. District 

heating with combined heat and power plants is already well established in Denmark and 

provides approximately 50% of space and water heating. District heating could substitute 

surplus electricity for other fuels (such as biomass or gas) and thus use electricity when it is 

available in abundance. Energy in the form of heat can also be stored more easily so that 

district heating can be used for load shifting. Furthermore combined heat and power plants 

can provide flexible electricity generation capacity when run for their heat output. Danish 

energy company Dong Energy also invested in a programme for charging of electric vehicles 

which could provide additional energy storage and allow load shifting. 

Demand side flexibility from electric boilers for district heating already participates in the 

Danish balancing reserve markets, in particular for tertiary reserves. There are currently 35 

sites with a total capacity of 275 MW participating in these markets.131 The total amount of 

tertiary reserves purchased by the system operator is approximately 1000MW.132 According 

to Smart Energy Demand Coalition (SEDC), an industry organisation, participation of other 

demand side resources in the reserve markets is relatively small in comparison.133 SEDC 

highlights that participation in the primary reserve markets requires symmetrical bids for 

                                                      
127 Danish Government (2011), Our Future Energy, November 2011. 
128 EC (2009), Directive 2009/28/EC of the European Parliament and of the Council on the promotion of the use 
of energy from renewable sources, OJEU, 23 April 2009. 
129 D Lew et al (2013), Wind and Solar Curtailment, National Renewable Energy Laboratory, Ref CP-5500-60245 
130 KEMIN (2013), Klima-, Energi- og Bygningsministeriet, Smart Grid-Strategi - fremtidens intelligente 
energisystem, April 2013. 
131 SEDC (2014) 
132 Energinet.dk (2011), Energinet.dk’s ancillary services strategy, Memo, JSS-MIC/BTV, 4 August 2011. 
133 SEDC (2014) 
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increases and reductions, which is a major barrier for demand side participation. Other 

barriers for participation named by SEDC include high minimum capacity, short despatch 

notice and frequent activations. 

The Danish smart grid strategy also envisions to explore a tighter integration of electricity and 

gas, for example by generating hydrogen from surplus electricity which can be stored more 

easily for long periods and used in combination with natural gas or biogas. 

6.2. Germany 

Germany is the largest consumer of electricity in the EU with over 500 TWh consumption per 

year an annual peak load of around 80 GW. Its retail market for electricity was fully liberalised 

in 1998.134 Germany’s electricity wholesale market is coupled with all its neighbouring 

Member States via the Price Coupling of Regions (PCR) mechanism.135   

The German government has set ambitious targets for decarbonisation, which exceed its 

commitments under the EU’s low-carbon economy programme. These targets are 

summarised in Table 6.1. According to the latest projects submitted to the European 

Commission, Germany is currently not on track to meeting its targets.136 The German 

government also aims at a high uptake of electric vehicles, with one million vehicles by 2020 

and up to six million vehicles by 2030.137 Furthermore Germany has passed legislation phasing 

out its nuclear generation capacity by the end of 2022. 

 

Table 6.1: Energy policy targets in Germany – Electricity  

 2020 2050 

Reduction of CO2 emissions 

relative to 1990 level 

40% 80% 

Share of renewable energy as 

proportion of total electricity 

consumption 

35% 80% 

Energy efficiency: reduction of 

electricity consumption below 

2008 level 

10% 25% 

 

                                                      
134 IEA (2011) 
135 APX (2013), EUPHEMIA Public Description – PCR Market Coupling Algorithm, 2 October 2013.  
136 Bundesregierung (2013), Projektionsbericht 2013 gemäß Entscheidung 280/2004/EG, 13 March 2013. 
137 http://www.bundesregierung.de/Webs/Breg/DE/Themen/Energiewende/Mobilitaet/podcast/_node.html 

http://www.bundesregierung.de/Webs/Breg/DE/Themen/Energiewende/Mobilitaet/podcast/_node.html
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Renewable energy sources receive financial support primarily through feed-in-tariffs. The 

share of total electricity consumption provided by renewable energy sources reached 20% in 

2011. The intermittent energy sources wind and solar, make up approximately 40% 

respectively 15% of the total generation capacity from renewable energy sources. 

The high proportion of renewables in the generating portfolio already has a significant effect 

on the electricity wholesale price in Germany: 

 Wholesale prices have fallen by 30% since 2010.138 Despite the falling wholesale 

prices, electricity retail prices for domestic consumers in Germany kept rising and are 

above the EU average.139, 140 Two reasons for the high retail prices are the level of 

subsidies for renewables and the necessary investments in the electricity networks.  

 The uptake of solar power has increased the supply of low-cost electricity around mid-

day, which is a period of high demand and historically a time for high prices. The 

coincidence of output from solar generation and high demand has reduced the 

average difference between prices in times of low and high demand.141  This is not to 

say that price volatility is now low, but rather that the factors contributing to volatility 

are changing. 

 Renewable energy sources are increasingly posing a challenge for system balancing. 

Due to the intermittency of wind and solar power, their low marginal costs and the 

support through feed-in-tariffs, negative wholesale prices are not uncommon.142 

Renewable energy sources also raise challenges for Germany’s transmission and distribution 

networks. Electricity from wind power, in particular, needs to be transmitted over long 

distances to reach load centres, because of the concentration of resources on the northern 

coasts. The German transmission network operators estimate that €20bn of investments in 

network infrastructure are needed by 2022 for the integration of renewable energy 

sources.143 

                                                      
138 Bloomberg (2014), German Power Costs Seen Dropping for Fourth Year: Energy,  
http://www.bloomberg.com/news/2014-01-03/german-power-costs-seen-dropping-for-fourth-year-
energy.html, 3 January 2014. 
139 EC (2014), Energy prices and costs report, Commission Staff Working Document, SWD(2014) 20 final/2, 17 
March 2014 
140 Eurostat, Table ten00114. 
141 CODA Strategies (2013), Demand Response in Europe, Presentation at Peak Load Management Alliance 
Spring Conference, 25 April 2013. 
142 Negative prices occurred on 15 days in the day-ahead market and on 10 days in the intraday market in 2012, 
according to power market EPEX Spot (http://www.epexspot.com/en/company-
info/basics_of_the_power_market/negative_prices). 
143 Netzentwicklungsplan (2012), Netzentwicklungsplan Strom 2012, 2. überarbeiter Entwurf der 
Übertragungsnetzbetreiber, 15 August 2012. 

http://www.bloomberg.com/news/2014-01-03/german-power-costs-seen-dropping-for-fourth-year-energy.html
http://www.bloomberg.com/news/2014-01-03/german-power-costs-seen-dropping-for-fourth-year-energy.html
http://www.epexspot.com/en/company-info/basics_of_the_power_market/negative_prices
http://www.epexspot.com/en/company-info/basics_of_the_power_market/negative_prices
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The installation of smart meters is mandatory only under certain conditions, for example for 

all new connections and for sites with consumption above 6000 kWh.144 Germany has no 

centrally coordinated smart meter rollout programme and has not adopted a universal rollout 

target, because the cost-benefit analysis undertaken not indicated a positive case for a 

universal roll-out.145 A large number of smart metering and smart grid projects and pilot 

studies have taken place.146  

For small and medium consumers there are currently limited opportunities for demand side 

flexibility. Off-peak supply tariffs are available from regional suppliers, which historically were 

aimed at the use of electric storage heaters. With storage heaters becoming less common, 

the corresponding night-time electricity supply tariffs now play only a limited role in the retail 

market, although some customers take advantage to switch appliance usage to the night. 

For large consumers there is more scope for cost savings through demand side flexibility. In 

particular large consumers from energy intensive industries can already make use of on- and 

off-peak or even real-time tariffs. Some large consumers engage in load management to limit 

their peak demand or are shifting load to night time and weekends to reduce their energy 

costs.147 

The German Energy Agency (dena) has identified demand side flexibility as an important 

contribution to support the integration of a renewable energy sources, both in terms as 

reserve capacity for balancing as well as for network management.148  We discuss the findings 

of their analysis on DSF in more detail in Chapter 4. 

Demand side resources can already participate in market for system reserves. Agora 

Energiewende, a think tank, estimates a potential for demand side flexibility from industry of 

1GW in southern Germany.149  dena estimates a potential of 2.6GW from industry for the 

whole country.150 Additional potential for demand side flexibility could become available 

through the combination of electricity and heat systems for district heating.151 

                                                      
144 EnWG (2013), Gesetz über die Elektrizitäts- und Gasversorgung, (Energiewirtschaftsgesetz – EnWG), last 
amended on 4 October 2013. 
145 Ernst & Young (2013), Kosten-Nutzen-Analyse für einen flächendeckenden Einsatz intelligente Zähler, 2013 
146 BMWi (2014), Bundesministerium für Wirtschaft und Technologie, Smart Energy made in Germany, May 
2014. 
EC JRC (2013), European Commission Joint Research Centre, Smart Grid projects in Europe: Lessons learned and 
current developments – 2012 update, JRC Scientific and Policy Reports, 2013. 
147 Agora Energiewende (2013), Lastmanagement als Beitrag zur Deckung des Spitzenlastbedarfs in 
Süddeutschland, August 2013. 
148 Deutsche Energy-Agentur, Grid Study II – Integration of Renewable Energy Sources in the German Power 
Supply System from 2015 – 2020 with an Outlook to 2025, November 2010. 
149 Agora Energiewende (2013). 
150 dena (2010). 
151 BEE (2013), Bundesverband Erneuerbare Energie, Flexibilitätsreserven aus dem Wärmemarkt, December 
2013. 
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Approximately 1,000MW of demand side resources have been contracted by transmission 

operators in 2013152 under a directive for the procurement of demand side services.153 The 

directive is currently limited for a duration of three years, after which the market will be 

evaluated and possibly combined with other means for flexible network management. In a 

workshop with industry stakeholders the German ministry for business and technology 

(BMWi) identified several measure to foster the participation of further demand side 

resources.154 These measures include pooling of smaller demand side resources, flexibility 

regarding times of non-availability, admission of resources larger than 200MW, and 

automated activation similar to the processes for short term balancing reserves. 

Smart Energy Demand Coalition (SEDC), an industry organisation, identifies a number of 

barriers for further market participation in the reserve markets.155 These barriers include the 

necessary contractual arrangements and prequalification requirements for market 

participation of demand side aggregators. Furthermore SEDC finds that administrative 

procedures for balancing group management (“Bilanzkreismanagment”) are written with 

generation technology in mind. 

The German government is considering the introduction of a capacity mechanism.156 The 

Federal Ministry for Economic Affairs and Energy commissioned several studies,157 but there 

are no developed proposals for the mechanism yet and the government has not yet taken any 

formal decision on the introduction of a capacity market.  

6.3. Great Britain 

Great Britain (GB) comprises the United Kingdom excluding Northern Ireland, which has 

separate energy institutions.  GB  has an annual electricity consumption of 350 TWh with a 

peak load of around 60 GW. The British electricity retail markets are fully liberalised. The 

British mainland has interconnectors to Northern Ireland, the Netherlands, France and the 

Republic of Ireland with a total capacity of 4 GW, of which 3GW are to continental Europe. 

The main sources of electricity in GB are gas, coal, nuclear and wind. Around 15% of electricity 

consumption is supplied from renewable energy sources. Half of the electricity from 

renewables comes from on- and off-shore wind. The total capacity of wind generation is 10 

GW, of which over a third is installed off-shore. The British government estimates a 

                                                      
152 BMWi (2013), Bundesministerium für Wirtschaft und Technologie, Workshop “Flexibilisierung der Nachfrage 
zur Gewährleistung der Versorgungssicherheit in Deutschland”, Ergebnispapier, 4 December 2013. 
153 AbLaV (2012), Verordnung zu abschaltbaren Lasten (AbLaV), BGBl. I S. 2998, 28 December 2012. 
154 BMWi (2013). 
155 SEDC (2011), SEDC (2014). 
156 Bundesregierung (2014), Rede von Bundeskanzlerin Dr. Angela Merkel zum Haushaltsgesetz 2014 vor dem 
Deutschen Bundestag, 25 June 2014. 
157 Growitsch (2013), Christian Growitsch, Felix Christian Matthes, Hans-Joachim Ziesing, Clearing-Studie 
Kapazitätsmärkte, Mai 2013; and Connect EnergyEconomics (2014), Leitstudie Strommarkt – Arbeitspaket 
Optimierung des Strommarktdesigns, 2 July 2014. 
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deployment of off-shore wind power of 16 GW in 2020 and 39 GW in 2030.158 Renewable 

energy in GB is supported through feed-in-tariffs and a renewable obligation scheme under 

which suppliers need to acquire Renewable Obligation Certificates for a proportion of their 

energy trades.  The UK currently has sufficient flexibility that curtailment of wind generation 

is small.  Wind curtailment reached 2% in winter 2011/12, and was receiving £7m out of a 

total of £31m in curtailment payments.  But following grid reinforcements this fell to 0.3% in 

winter 2012/13.159, 160 

The British government has mandated universal smart meter rollout by 2020. There is a 

central smart meter implementation programme overseen by the Department of Energy and 

Climate Change and the British energy regulator Ofgem. Large consumers are already 

equipped smart meters. The rollout for residential consumers is currently being prepared. 

Static time-of-use tariffs have been in use in GB in the domestic sector since the 1970s. The 

most common type of domestic time-of-use tariffs are so-called “Economy 7” tariffs, which 

offer lower electricity prices for seven hours at night, mainly targeted at night storage heaters. 

There are “Economy 10” as well as dynamic teleswitching tariffs, which differ in the number 

of hours and the time of day during which cheaper electricity is offered. The use of Economy 

7 and other night time tariffs is declining.  Around 10% of domestic consumers are still on 

such tariffs and account for around 6% of total domestic electricity consumption in England 

and Wales.161  Their main use is for electrical storage heaters, and whilst some users do use 

them to time appliances to run at night, the impact of this form of tariff on the system peak 

is small. 

Large consumers in GB are already equipped with advanced meters or smart meters that 

allow half-hourly meter readings. This enables a range of time-of-use tariffs for large 

consumers of energy. The arrangements can vary from near real-time wholesale pricing, over 

critical peak pricing, to various forms of static on- and off-net tariffs. 

Electricity suppliers incur a network charge for the transmission and distribution networks. 

Under the so called TRIAD scheme, the transmission network use of system (TNUoS) charge 

is set proportionate to consumption during the 3 half-hours of the year with the highest total 

consumption.  Suppliers pass TNUoS charges on to their large customers, who are given TRIAD 

warnings that encourage them to reduce consumption during likely times of peak demand. 

Since the penalty for using electricity at these times is high, some large customers make 

substantial curtailments of demand, even close down production processes, at these times.  

Distribution use of system (DUoS) charges are also passed through to large consumers and in 

part depend on time of consumption and maximum peak consumption. However, the 

                                                      
158 DECC (2013), Department of Energy and Climate Change, UK Renewable Energy Roadmap – Update 2013, 
November 2013. 
159 Renewables International, Wind capacity and generation capacity in UK, 31 Jan 2014 
160 Wind Power Monthly, UK wind curtailments fall dramatically, 12 June 2013 
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incentive to shift demand due to DUoS charges is relatively small compared to the TRIAD 

mechanism. Few suppliers pass dynamic network charges through to domestic consumers, 

because the metering does not facilitate it. 

GB also has explicit demand side participation in the markets for balancing reserves and 

ancillary services. Demand resources and aggregators of such resources can participate. The 

system operator, National Grid, uses a portfolio of approximately 4 GW for balancing services. 

Most of this capacity is provided by traditional generation capacity. National Grid expects the 

requirement for balancing capacity to increase to 8 GW in 2020 under the “Gone Green” 

planning scenario.162 

National Grid uses a range of different schemes to procure generation and demand side 

resources its balancing mechanism. National Grid uses a combination of bilateral contracts 

and open tenders to procure primary Fast Reserves, secondary Short Term Operating 

Reserves (STOR), as well as tertiary reserves.163 The STOR tenders are open for resources or 

aggregated resources greater than 3 MW, while bids for Fast Reserve require at least 50 MW 

of capacity. Most demand side participation is currently taking place in the market for 

secondary reserves through the STOR tender rounds. Demand reductions account for around 

4% of STOR reserves.164 

National Grid has recently announced additional tenders for Demand Side Balancing Reserves 

(DSBR) and Supplemental Balancing Reserves (SBR), under two new reserve schemes 

approved by Ofgem. The former specifically procures demand side resources, while the latter 

retains capacity of generation plant that would otherwise have been decommissioned. Both 

schemes are motivated by forecasts of low security of supply margins in the winters from 

2014/15 to 2018/19. 

Distribution and transmission operators can operate their own demand side management 

programmes. Ofgem is currently working on a harmonisation framework to improve 

communication and cooperation between different demand side schemes.165 

Although demand side resources have been allowed to participate in the tender rounds for 

reserves the SEDC, an demand side industry organisation, offers the opinion that the product 

definitions and tender rules often favour generation over what could have been useful 

demand side response.166 

To address security of supply issues the UK is currently implementing a capacity market. The 

first capacity auctions are planned to take place later in 2014.  Demand side resource will be 

able to participate in the capacity market, although McKerracher (2014)167 does not anticipate 

                                                      
162 National Grid (2013), UK Future Energy Scenarios, July 2013. 
163 National Grid (2014), Monthly Balancing Services – Summary 2013/14, March 2014. 
164 National Grid (2014), Short Term Operating Reserve – Fuel Type Analysis Season 7.3, 16 January 2014. 
165 Ofgem (2013), Creating the right environment for demand-side response: next steps, 16 December 2013. 
166 SEDC (2014) 

167 C McKerracher (2014), The Future Of Demand Response In Europe, Bloomberg New Energy Finance 
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that in practice it will be able to participate until the second planned auction in 2015.  The 

detailed terms on which demand side resource will be able to participate remain unclear. 
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7. THE STATE OF PLAY FOR DEMAND SIDE FLEXIBILITY IN THE EU: ELECTRICITY 

In this chapter we summarise the responses from our survey of national regulatory authorities 

on demand side flexibility for electricity. We have carried out some research into the known 

state of play from other sources, and provided MSs with a questionnaire pre-filled, and asked 

them to change it if they believe it to be incorrect.  Where we have not obtained explicit 

confirmation from them that our research is correct, this is highlighted in our analysis below. 

Our survey covers the 28 EU Member States. In general, countries that have schemes in place 

already or are currently planning to implement such measure, have a relatively higher 

proportion of electricity consumption. We therefore present aggregated responses on pure 

Member State basis as well as weighted by the Member States’ electricity consumption. For 

the weighting by electricity consumption we use total GWh available for consumption in 2012, 

as reported by Eurostat. It is clearly marked where weighting has been applied.  

Not all national regulatory authorities have responded to our questionnaire. For Member 

States who have not responded to our survey, the data is based on research from publicly 

available sources. Where data is scarce we use a comparison between Member States to 

support our approximation. Where data is not available or ambiguous we have used 

conservative estimates, which potentially underestimate the penetration of demand side 

flexibility. The Member States for which we have not received a response to our electricity 

questionnaire are Bulgaria, Cyprus, Denmark, Greece, Ireland, Poland and Slovenia. 

7.1. Time based supply tariffs 

Among respondents to the electricity demand side flexibility survey there was a high reported 

level of usage of time-based tariffs in electricity supply. Over all intensities of usage 

approximately 80% of Member States currently use such tariffs; when weighted by electricity 

consumption this ratio is over 90%. However, we see a bias towards medium and large 

consumers for universally adopted time-based tariffs, where approximately 25% of countries 

indicated universal usage for these types of consumers compared to less than 20% 

universality for residential consumers. This bias persists, but to a lower degree when weighted 

by electricity consumption. In other words, time-based tariffs are available to all categories 

of consumers but adopted less frequently by residential consumers. 
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Figure 7.1: Usage of time-based pricing in electricity supply (% of Member States)168 

 

 Universal Common Occasional None 

Large BE, HR, EE, HU, LV, 
LT, PT 

CZ, DK, FI, FR, IE, IT, 
NL, LU, RO, SK, UK 

AT, DE, EL, ES, SE BG, CY, MT, PL, SI 

Medium BE, HR, EE, HU, LV, 
LT, PT 

CZ, FI, FR, IE, IT, LU, 
NL, RO, SK, UK 

AT, DK, DE, EL, ES, SE BG, CY, MT, PL, SI 

Residential HR, EE, LV, LT, PT BE, CZ, FI, FR, HU, 
IT, LU, NL, RO 

AT, DK, DE, EL, IE, ES, 
SE, SK, UK 

BG, CY, MT, PL, SI 

Other*   HU  

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
 
*Hungary: Non-residential customers with connection capacity not exceeding 3x63A and public institutions 

From this we can estimate the proportion of customers in the EU who have the opportunity 

to access time-based supply tariffs.  EC SWD(2014) 189169 gives the number of metering points 

in EU-24 (EU excluding BG, CY, HR, HU).  For the missing countries, we have estimated the 

number of metering points as being 30% more than the number of households.  Based on this 

we have estimated from Figure 7.1 that time based metering is available, in principle, to 92% 

of EU customers, assuming that “occasional” implies that it is in principle available in those 

countries.  Moreover a substantial amount of the 8% where we have recorded “not available” 

are countries who have not answered the survey, and where we have been unable to research 

a clearer answer in the time available.  

                                                      
168 A list of country codes is provided in an annex. 
169 EC SWD(2014) 189 Cost-benefit analyses & state of play of smart metering deployment in the EU-27 
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Figure 7.2: Usage of time-based pricing in electricity supply (weighted by electricity consumption) 

 

*Hungary: Non-residential customers with connection capacity not exceeding 3x63 A and public institutions 

 

Regarding the variety of supply tariff types, on- and off-peak tariffs are most common, with 

approximately 60-70% of countries using these tariffs. The next most popular category was 

‘other’ which included responses similar to real-time pricing (such as hourly and spot prices) 

and on/ off peak (day/ night and weekend/ weekday rates). When weighted by electricity 

consumption the prevalence of all tariffs is higher; on/ off peak tariffs still dominate at 

approximately 80-90% usage. 
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Figure 7.3: Time-based tariff types - electricity supply (% of Member States) 

 
 

Seasonal FR, HU, PT, RO, UK 

On-peak BE, HR, CZ, DK, FI, FR, DE, HU, IE, IT, LV, LT, NL, PT, RO, ES, SK, UK 

Off-peak AT, BE, HR, CZ, DK, EE, FI, FR, DE, EL, HU, IE, IT, LV, LT, NL, PT, RO, ES, SK, UK 

Other time of use CZ, DK, FI, IE, IT, LU, NL, ES, SE, UK 

Critical peak FR 

Real time AT, BE, EE, FI, DE, NL 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

 
*CZ – based on agreement, FI – monthly spot price, LU – day/night tariffs, ES – hourly prices, SW – spot market, 
UK – weekend/weekday rates 
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Figure 7.4: Time-based tariff types - electricity supply (weighted by electricity consumption) 

 

*CZ – based on agreement, FI – monthly spot price, LU – day/night tariffs, ES – hourly prices, SW – spot market, 
UK – weekend/weekday rates 
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7.1.1. Geographic distribution of time-based supply tariffs 

Figure 7.5: Time-based electricity supply tariffs – Large consumers  

 
Note:  In all of these graphics, where no response is received, we have marked it in cross-hatching in 
the colour which is our best estimate of what the response should be 
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Figure 7.6: Time-based electricity supply tariffs – Medium consumers  
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Figure 7.7: Time-based electricity supply tariffs – Residential consumers 

 

 

7.2. Time based network tariffs 

As opposed to supply tariffs, the usage of time-based network tariffs is less geographically 

widespread. Interestingly, over all intensities of usage (universal, common, occasional) we see 

such network tariffs to be available more often for residential consumers, though with a bias 

towards larger consumers in universal usage; this is true in both the weighted and unweighted 

cases. This indicates that, despite being more widely available, network tariffs are adopted 

less often by residential consumers.  
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Figure 7.8: Usage of time-based network tariffs (% of Member States) 

 
 

 Universal Common Occasional None 

Large BE, HR, FR, LV, LT, 
PT, UK 

EE, FI, ES, SK AT, BG, SE CY, CZ, DK, DE, 
EL, HU, IE, IT, LU, 
MT, NL, PL, RO,  
SI 

Medium BE, HR, LV, LT, PT, 
UK 

CZ, EE, FI, FR, ES, SK AT, SE CY, CZ, DK, DE, 
EL, HU, IE, IT, LU, 
MT, NL, PL, RO,  
SI 

Residential HR, CZ, LV, LT, PT, 
SK, UK 

BE, EE, FI, FR AT, HU, ES, SE CY, CZ, DK, DE, 
EL, IE, IT, LU, MT, 
NL, PL, RO,  SI 

Other*   HU  

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
 
*Hungary: Non-residential customers with connection capacity not exceeding 3x63 A and public institutions 
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Figure 7.9: Usage of time-based network tariffs (weighted by electricity consumption) 

 

 
*Hungary: Non-residential customers with connection capacity not exceeding 3x63 A and public institutions 

 

As with supply tariffs we see on/ off peak pricing dominate the different varieties of time-

based network tariffs, though to a lower degree. The charts below show that 50% of Member 

States make use (either universal, common, or occasional) of such tariffs. 
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Figure 7.10: Time-based tariff types - network tariffs (% of Member States) 

 
 

Seasonal AT, FI, FR, HU, PT, SE, SK 

Day of week CZ, FI, FR, LV, LT, PT, SE 

On-peak BE, BG, HR, CZ, FI, FR, LV, LT, PT, ES, SE, SK, UK 

Off-peak BE, BG, HR, CZ, EE, FI, FR, HU, LV, LT, PT, ES, SE, SK, UK 

Other time-based AT, BG, ES 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
 
*AT – interruptible at any time, ES – 3 to 6 periods per day (depending on consumer type) 
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Figure 7.11: Time-based tariff types - network tariffs (weighted by electricity consumption) 

 
*AT – interruptible at any time, ES – 3 to 6 periods per day (depending on consumer type) 
 

7.3. Demand participation in wholesale markets 

Explicit demand side flexibility is less about retail tariffs than about direct integration with 

wholesale markets. Suppliers who buy electricity in the wholesale market can use demand 

side flexibility to adjust their electricity need to match their contracted wholesale position. 

This could be seen as implicit participation of demand side flexibility in wholesale markets. 

However, full integration of demand side flexibility in the wholesale market requires that 

demand side resources can bid directly into the wholesale market (i.e. on similar terms with 

generators). Here we consider this explicit participation of demand side resources in 

wholesale markets, rather than the implicit participation through off-setting of other trading 

positions. 

In approximately 60% of Member States it is possible or planned for demand resources to 

participate in wholesale markets directly. In 35% demand side resources participate on an 

equal basis as generation, and 30% allow demand side aggregators to participate in the 

market. These percentages increase to approximately 80%, 60%, and 70% respectively when 

weighted by electricity consumption (as these respondents represented a large proportion of 

total electricity consumption).  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Seasonal network tariff

Day of week network tariff

On -peak network tariff

Off-peak network tariff

Other time-based network tariff (specify)*



106 

Figure 7.12: Demand participation in wholesale energy markets (% of Member States) 

 
 Existing Planned None 

Participation in 
wholesale market 

BE, CZ, DK, FI, FR, HU, IE, 
IT, NL, PL, PT, RO, SI, SE 

AT, DE, LT, UK BG, HR, CY, EE, EL, LV, LU, 
MT, SK, ES 

On equal basis to 
generation 

BE, CZ, FI, FR, DE, IE, NL, 
PT, SE 

LT, UK AT, BG, HR, CY, DK, EE, EL, 
HU, IT, LV, LU, MT, RO, SK, 
SI, ES 

Participation of 
aggregators 

BE, FR, DE, IE, IT, NL, SE FI, UK AT, BG, HR, CY, CZ, DK, EE, 
EL, HU, LV, LT, LU, MT, NL, 
PL, PT, RO, SK, SI, ES 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
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Figure 7.13: Demand participation in wholesale energy markets (weighted by electricity consumption 

 

7.4. Demand participation in balancing 

A similar trend emerges regarding demand participation in balancing. Around 60% of Member 

states are allowing or planning to allow participation in balancing for demand side resources. 

Participation on an equal basis to generation is possible or planned in 50%, and participation 

of aggregators in 35% of Member States. These Member States represent a large portion of 

electricity consumed, so that the weighted responses increase to approximately 90%, 80%, 

and 60% respectively. 

Fewer Member States have existing or planned demand participation in balancing reserves; 

circa 30% in primary, 50% in secondary/ tertiary balancing (60% respectively nearly 80% when 

weighted by electricity consumption). 
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Figure 7.14: Demand participation in balancing energy market (% of Member States) 

 
 Existing Planned None 

Participation in 
balancing markets 

AT, BE, CZ, DK, FI, FR, HU, 
IE, NL, PL, RO, SI, SE, UK 

DE, IT, ES BG, HR, CY, EE, EL, LV, LT, 
LU, MT, PT, SK 

On equal basis to 
generation 

CZ, DK, EE, FI, FR, HU, ES, 
SE, UK 

AT, BE, DE, IE, PL BG, HR, CY, EL, IT, LV, LT, 
LU, MT, NL, PT, RO, SK, SI 

Participation of 
aggregators 

BE, DK, FR, NL, UK AT, DE, HU, IE, PL BG, HR, CY, CZ, EE, FI, EL, 
IT, LV, LT, LU, MT, PT, RO, 
ES, SE, SK, SI 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

 
Figure 7.15: Demand participation in balancing energy market (weighted by electricity consumption) 
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Figure 7.16: Demand participation in balancing energy reserves (% of Member States) 

 
 

 Existing Planned None 

Participation in 
primary reserves 

AT, BE, DK, FR, IE, NL, SE, 
UK 

DE BG, HR, CY, CZ, EE, FI, EL, 
HU, IT, LV, LT, LU, MT, PL, 
PT, RO, SK, SI, ES 

Participation in 
secondary/tertiary 
reserves 

BE, CZ, DK, FR, HU, NL, SI, 
SE, UK 

AT, DE, IE, PL, ES BG, HR, CY, EE, FI, EL, IT, 
LV, LT, LU, MT, PT, RO, SK 

On equal basis to 
generation 

BE, CZ, DK, EE, FR, HU, SE, 
UK 

AT, DE, IE, PL BG, HR, CY, FI, EL, IT, LV, 
LT, LU, MT, NL, PT, RO, SK, 
SI, ES 

Participation of 
aggregators 

BE, DK, FR, DE, NL, UK AT, HU, IE, PL BG, HR, CY, CZ, EE, FI, EL, 
IT, LV, LT, LU, MT, PT, RO, 
SK, SI, ES, SE 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
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Figure 7.17: Demand participation in balancing energy reserves (weighted by electricity consumption) 

 

7.5. Capacity remuneration mechanisms 

Only nine of the Member States operate (or plan to operate) capacity remuneration 

mechanisms (CRM). Weighted by electricity consumption this still represented a significant 

portion of the surveyed market at approximately 65%. However, systems in the planning 

stages dominating this category.  Most of these countries also plan or already allow for 

demand resources to participate on an equal basis as generation and allow for aggregators to 

supply the market (again, planned systems dominate). 
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Figure 7.18: Demand Participation in Capacity Remuneration Mechanisms (weighted by electricity 
consumption) 

 
 

 Existing Planned None 

Capacity mechanism 
in place 

BE, EL, IE, PL, ES, SE FR, IT, UK AT, BG, HR, CY, CZ, DK, EE, 
FI, DE, HU, LV, LT, LU, MT, 
NL, PT, RO, SK, SI 

Participation in 
capacity mechanism 

BE, SE FR, IE, IT, UK AT, BG, HR, CY, CZ, DK, EE, 
FI, DE, EL, HU, LV, LT, LU, 
MT, NL, PL, PT, RO, SK, SI, 
ES 

On equal basis to 
generation 

SE BE, FR, IE, UK AT, BG, HR, CY, CZ, DK, EE, 
FI, DE, EL, HU, IT, LV, LT, 
LU, MT, NL, PL, PT, RO, SK, 
SI, ES 

Participation of 
aggregators 

BE, SE FR, IE, UK AT, BG, HR, CY, CZ, DK, EE, 
FI, DE, EL, HU, IT, LV, LT, 
LU, MT, NL, PL, PT, RO, SK, 
SI, ES 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

7.6. Other types of explicit demand side participation 

Half of Member States have other options for explicit demand side participation in place or 

planned for other purposes such as emergency situations. When weighted by electricity 

consumption approximately 60% (~35% existing and 25% planned) use interruptible 

contracts, in 70% (almost all existing) DSO or TSO can call demand resources directly, in 50% 

(30% existing, 20% planned) DSO or TSO can call demand resources via aggregators. France 

and UK have additional types of existing explicit demand side participation. 

0% 20% 40% 60% 80% 100%

Aggregators supply Demand Resource

Participate on an equal basis to generation

Participate in the Capacity Remuneration Mechanism

Capacity Remuneration Mechanism Present

Existing Planned
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Figure 7.19: Other explicit demand side participation (weighted by electricity consumption) 

 
 

 Existing Planned None 

Interruptible 
contracts called by 
supplier 

BE, FR, HU, SE, UK CZ, DK, DE, PT AT, BG, HR, CY, EE, FI, EL, 
IE, IT, LV, LT, LU, MT, NL, 
PL, RO, SK, SI, ES 

Demand resource 
called by DSO or 
TSO 

BE, CZ, DE, HU, IT, NL, PT, 
RO, ES, SE, UK 

AT, DK BG, HR, CY, EE, FI, FR, EL, 
IE, LV, LT, LU, MT, PL, SK, 
SI 

Demand resource 
called by DSO or 
TSO via aggregators 

AT, BE, IT, NL, UK DK, DE, PT BG, HR, CY, CZ, EE, FI, FR, 
EL, HU, IE, LV, LT, LU, MT, 
PL, RO, SK, SI, ES, SE 

Other*,** FR, UK   

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
 
*FR - specific tender for congestion management in Brittany; UK - (i) Congestion management - commercial 
arrangements at time of connection (demand customers and DG) 
**UK - (ii) Post Fault management (excluded from graph) 
 

7.7. Demand resources participating in schemes 

There are various types of demand side resources present in the Member States, including 

demand interruption, demand reduction, time-shift demand, embedded generation, and 

energy efficiency measures. Such demand side resources can potentially participate in various 

different markets, including wholesale, balancing and capacity. 

Demand side participation is possible or planned for all types of demand side resource in 

between 30% and 70% of Member States weighted by electricity consumption. The exception 

0% 20% 40% 60% 80% 100%

Interruptible contracts between suppliers and users,
called by suppliers

Demand Resource called directly from DSO or TSO to
users

Demand Resource called by TSO or DSO via Aggregators
or other third parties

Other (specify)*,**

Existing Planned
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are energy efficiency measures, whose participation is planned in France and the UK for the 

capacity market and possible in the Netherlands in the wholesale market. Most participation 

is currently possible in the balancing market. 

Figure 7.20: Participation of different types of demand response in wholesale market (weighted by 
electricity consumption) 

 

 Existing Planned 

Demand 
interruption 

BE, FR, HU, IT, LT DE 

Demand reduction BE, FR, DE, HU, LT, NL – 

Time-shift of 
demand 

BE, FR, LT, NL DE 

Embedded 
generation 

BE, FR, DE, NL – 

Energy efficiency 
measures 

NL – 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 

 

0% 20% 40% 60% 80% 100%

Demand interruption

Demand reduction

Time-shift of demand

Embedded generation

Energy efficiency measures

Existing Planned
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Figure 7.21: Participation of different types of demand response in balancing (weighted by electricity 
consumption) 

 

 Existing Planned 

Demand 
interruption 

BE, DK, FR, HU, IE, ES, UK AT, DE, RO 

Demand reduction BE, DK, FR, HU, IE, NL, UK AT, DE, RO, ES 

Time-shift of 
demand 

BE, DK, FR, HU, IE, NL DE, UK 

Embedded 
generation 

BE, DK, FR, DE, IE, NL – 

Energy efficiency 
measures 

– – 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
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Demand interruption

Demand reduction

Time-shift of demand

Embedded generation

Energy efficiency measures

yes planned
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Figure 7.22: Participation of different types of demand response in capacity market (weighted by 
electricity consumption) 

 

 Existing Planned 

Demand 
interruption 

BE, ES FR, UK 

Demand reduction BE FR, UK 

Time-shift of 
demand 

BE FR, UK 

Embedded 
generation 

BE FR, UK 

Energy efficiency 
measures 

–  FR, UK 

No survey response was received from BG, CY, DK, EL, IE, PL, SI. These countries are included based on data that 
may underestimate the actual uptake. 
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8. THE STATE OF PLAY FOR DEMAND SIDE FLEXIBILITY IN THE EU: GAS 

In this chapter we summarise the responses from our survey of national regulatory authorities 

on demand side flexibility for gas. We have carried out some research the known state of play 

from other sources, and provided MSs with a questionnaire pre-filled, and asked them to 

change it if they believe it to be incorrect.  Where we have not obtained explicit confirmation 

from them that our research is correct, this is highlighted in our analysis below. 

Our survey covers the 28 EU Member States. In general, countries that have schemes in place 

already or are currently planning to implement such measure, have a relatively higher 

proportion of electricity consumption. We therefore present aggregated responses on pure 

Member State basis as well as weighted by the Member States’ gas consumption. By gas 

consumption we mean total thousands of tonnes of oil equivalent (TOE) of inland 

consumption at the country level in 2012, as reported by Eurostat. It is clearly marked where 

weighting has been applied.  

Malta and Cyprus do not have a natural gas network and are therefore excluded from our 

analysis. 

Not all national regulatory authorities have responded to our questionnaire. For Member 

States who have not responded to our survey, the data is based on research from publicly 

available sources. Where data is scarce we use a comparison between Member States to 

support our approximation. Where data is not available or ambiguous we have used 

conservative estimates, which potentially underestimate the penetration of demand side 

flexibility. The Member States for which we have not received a response to our gas 

questionnaire are Bulgaria, Denmark, France, Ireland and Poland. 

8.1. Time based supply tariffs 

We asked respondents to indicate the usage of time-based gas supply tariffs in six different 

categories: Seasonal gas supply tariff, Day of week gas supply tariff, Peak gas supply tariff, 

Off-peak gas supply tariff, Other time of use tariff (specify), Real time gas supply tariff, and 

Other time-based gas supply tariff (specify). 

Looking at the highest level of usage across these categories we gain insight into the usage of 

time-based tariffs across different consumer types. In terms of survey responses there was a 

bias towards large consumers in terms of universality of adoption. When weighted by gas 

consumption the availability bias remains towards large and medium consumers, though 

large consumers reportedly have more common usage with approximately 33% (weighted) 

having at least common levels of usage. 
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Figure 8.1: Reported usage of time-based gas supply tariffs (% of Member States)170 

 

 

 Universal Common Occasional None 

Large FI, EL. PT, ES DE, LU, UK – AT, BE, BG, HR, 
CY, CZ, DK, EE, 
FR, HU, IE, IT, LV, 
LT, MT, NL, PL, 
RO, SK, SI, SE 

Medium EL, PT, ES LU FI, DE, UK AT, BE, BG, HR, 
CY, CZ, DK, EE, 
FR, HU, IE, IT, LV, 
LT, MT, NL, PL, 
RO, SK, SI, SE 

Residential EL, ES LU FI AT, BE, BG, HR, 
CY, CZ, DK, EE, 
FR, DE, HU, IE, IT, 
LV, LT, MT, NL, 
PL, PT, RO, SK, SI, 
SE, UK 

Other* UK    

No survey response was received from BG, DK, FR, IE, PL. These countries are included based on data that may 
underestimate the actual uptake. 
 
*UK - Very large (ie NTS direct connects) 

 

                                                      
170 Country codes are listed in an annex. 
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Figure 8.2: Reported usage of time-based gas supply tariffs (weighted by gas consumption) 

 
*UK - Very large (ie NTS direct connects) 
 

Among the various types of supply tariff categories identified in the survey the most 

frequently used type was seasonal supply pricing. This is true in both the unweighted (~23% 

of respondents) and weighted cases (representing ~45% of gas consumption). 
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Figure 8.3: Time-based gas supply tariff types (% of Member States) 

 
 

Seasonal FI, DE, EL, PT, ES, UK 

Day of week DE, UK 

Peak UK 

Off-peak UK 

Other time of use FI, LU 

Real time FI, UK 

No survey response was received from BG, DK, FR, IE, PL. These countries are included based on data that may 
underestimate the actual uptake. 
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Seasonal gas supply tariff
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Real time gas supply tariff
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Figure 8.4: Time-based gas supply tariffs types (weighted by gas consumption) 
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8.1.1. Geographic distribution of time-based supply tariffs 

Figure 8.5: Time-based gas supply tariffs – Large consumers 

 

Note:  In all of these graphics, where no response is received, we have marked it in cross-hatching in 
the colour which is our best estimate of what the response should be 

Not available

Occasional at best

Common at best

Universal

No response 

received
////
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Figure 8.6: Time-based gas supply tariffs – Medium consumers 
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Figure 8.7: Time-based gas supply tariffs – Residential consumers (% of Member States) 

 

 

8.2. Time-based network tariffs 

The types of time-based network tariffs indicated in the survey were categorized as follows: 

Seasonal gas supply tariff, Day of week gas supply tariff, Peak gas supply tariff, Off-peak gas 

supply tariff, Other time of use tariff (specify). 

Around 20-30% of Member States use such network tariffs. 

Malta
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Figure 8.8: Usage of time based gas network tariffs (% of Member States) 

 

 Universal Common Occasional None 

Large BE, HR, FI, PT, ES RO, UK – AT, BG, CZ, DK, 
EE, FR, DE, EL, 
HU, IE, IT, LV, LT, 
LU, NL, PL, SK, SI, 
SE 

Medium BE, HR, HU, PT, ES, 
UK 

RO FI AT, BG, CZ, DK, 
EE, FR, DE, EL, IE, 
IT, LV, LT, LU, NL, 
PL, SK, SI, SE 

Residential BE, HR, ES RO – AT, BG, CZ, DK, 
EE, FI, FR, DE, EL, 
HU, IE, IT, LV, LT, 
LU, NL, PL, PT, 
SK, SI, SE, UK 

Other*   UK  

No survey response was received from BG, DK, FR, IE, PL. These countries are included based on data that may 
underestimate the actual uptake. 
* UK- Very large (ie NTS direct connects) 

 

0% 20% 40% 60% 80% 100%

Large customer

Medium customer

Residential customer

other*

Universal Common at best Occasional at best



125 

Figure 8.9: Usage of time based gas network tariffs (weighted by gas consumption) 

 
 
* UK- Very large (ie NTS direct connects) 
 

As opposed to supply tariffs, the variety of different time-based gas network tariffs is much 

lower. In general only two different types were highlighted as being used: seasonal network 

tariffs and ‘other’ (UK indicated firm/interruptible tariffs). Both of these were universally 

adopted by at least one consumer type. Furthermore, weighting by gas consumption shows 

that ‘other’ time-based network tariffs are the most frequently adopted. 
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Figure 8.10: Time-based gas network tariff types (% of Member States) 

 

 
*UK - firm/interruptible 
 

Figure 8.11: Time-based gas network tariff types (weighted by gas consumption) 

 

*UK - firm/interruptible 
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9. CONCLUSIONS AND SUGGESTIONS FOR FURTHER ANALYSIS 

This report exhibits that DSF is capable of providing multiple valuable services to energy 

markets.  These services are more usually obtained from energy suppliers such as generators 

and energy storage providers, or by making costly investments in infrastructure.  The use of 

DSF therefore presents the opportunity for greater economic efficiency in balancing supply 

and demand, avoiding investments in energy supply infrastructure that would otherwise be 

required, and reducing curtailment of inflexible intermittent energy. 

There are two conditions in particular that need to be satisfied to facilitate the useful take-up 

of DSF.  First, infrastructure to facilitate DSF needs to be constructed, when and where it is 

economic to do so.  But there is considerable progress and on-going activity to achieve this, 

and the costs of some of that infrastructure is falling.  Smart metering is being extended in 

many MSs; internet connected wi-fi communication systems are being installed in many 

buildings; and consumer devices increasingly come with smart functionality as standard.  So 

the additional costs of joining up that infrastructure into useful DSF structures is rapidly 

falling.  Second, market design needs to be developed to facilitate the economic participation 

of demand side resources.  Even in a liberalised energy market, if there is no explicit provision 

for DSF the full economic value of DSF cannot be brought to market, because structures within 

which it can trade must be created.  As with other flexibility services, the full value of DSF is 

to the common system, not to individual market participants who would be willing to 

purchase it at full value.  Thus, as with other system services, unless useful DSF products are 

defined in a form which allows useful services to be provided, and a platform for their 

equitable procurement exists, they will continue to be blocked from coming to market. 

The usefulness of DSF varies from market to market, and from one time period to another, 

because: 

 Markets vary in their requirements for the flexibility, having varying supply and 

demand patterns. 

 Markets vary in what other sources and quantities of flexibility they already have, and 

thus what is the value of additional flexibility. 

 Markets vary in relation to the costs of alternative sources of flexibility to them, or 

what impediments might exist to building them, and thus the comparative advantage 

of DSF varies. 

 Markets vary in relation to their potential for recruiting useful flexibility from demand 

resources, according to the patterns and applications of energy usage.  Markets with 

larger industrial and commercial energy sectors, and greater use of energy per user in 

the domestic sector, are likely more easily to be able to recruit DSF. 

In the electricity market, if present ambitions for decarbonising both generation and other 

energy uses persist, resulting in the likely introduction of still larger amounts of low carbon 
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generation of low flexibility, as well as transfer of energy demand to electricity, it seems likely 

that the requirement for large amounts of additional flexibility to markets in general will 

increase both the value of DSF and the scale of its usefulness, but the details could vary 

considerably by market. 

In the gas market, a trend to greater efficiency and decarbonisation is tending to reduce total 

gas demand in many areas, and thus leaving many parts of the gas market increasingly well 

supplied with capacity in comparison to demand, which facilitates greater flexibility.  But 

growth in demand is occurring in some localities, and there are other developments that can 

present an increasing demand for flexibility: changing patterns of supply, the varying 

reliability of supply, the opportunity to abandon rather than renew aging assets.  Thus the 

value of DSF is often localised, in space or time or both. 

Since the details of these factors in both gas and electricity vary substantially from market to 

market, thus each MS will need to assess its own requirements for DSF infrastructure and 

construct proportionate routes to market to make best use of it. 

As time proceeds, greater levels of cross-border market integration may be achieved, which 

will result in a cross-border approach to balancing and network management, or at least an 

effective cross-border trade in the services useful for these things.  This may result in a 

requirement to harmonise flexibility products whether in DSF or energy supply, and the 

desirability of completing an internal market in them may become more evident. 

Having regard to the various natures and values of DSF in this report, and its substitution for 

alternative sources of flexibility, we have identified several complementary policies which 

have assisted in facilitating the efficient take-up of efficient DSF where they have been 

implemented, and indicate the requirements elsewhere.  These apply equally to gas and 

electricity. 

 Market design should be tailored to take account of the particular flexibility that DSF 

can provide value.  Structures for making use of other kinds of flexibility have been 

specifically designed taking account of the modes and time-scales of flexibility they 

provide, and will tend to exclude DSF unless comparable specific arrangements are 

made.  Thus unless specific provision is made for the nature of the flexibility that DSF 

can usefully provide, it is unlikely that it will be delivered in useful quantity, or arise 

naturally by itself in the forms of market that come into existence without 

intervention.  

 DSF should to be properly rewarded for the services it provides to the market.  

Typically other sources of flexibility are more often given the opportunity to earn full 

value for it.  Therefore unless DSF is also given a similar opportunity to earn fair 

remuneration for all the services it provides, it will not be provided, or not as much as 

it could usefully be provided. 
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 Assurance of DSF needs to be in place, where flexibility is explicitly paid for, to assure 

what level of flexibility was in practice delivered, and that it represents genuine 

flexibility.  This is because there can be opportunities taking advantage of schemes 

abusively.  Without this assurance, competing sources of flexibility may be able to 

discredit it, and money may be wasted paying for faked flexibility. 

 Energy users can be assisted in coming to the realisation that they have the 

opportunity to provide useful flexibility and make savings, or earn fees, from doing so.  

Non-specialist energy users typically engage with energy markets infrequently, and 

also infrequently make key structural decisions which will determine their patterns of 

energy use.  They are often concerned about change and are mistrusting of the 

stakeholders they contact. 

Although not arising directly out of the evidence base of this report, the authors would 

suggest the following propositions deserve further research to establish them. 

 An unconflicted party should be in control of constructing the routes to market and 

regulations affecting DSF.  This is because most market participants earn income by 

providing other sources of flexibility, and are conflicted from a neutral approach to 

organising DSF as it is potentially prejudicial to their other financial interests. 

 DSF should be equitably treated in comparison to other sources of flexibility.  The 

value of DSF is avoiding investment in other sources of flexibility, thus unless it is 

equitably treated it will fail to deliver this to its full useful extent. 

 System standards should, where necessary, be revised to be more consistent with a 

market where there are multiple sources of flexibility. System design standards were 

often set in an era without so many sources of flexibility, and may in effect assume 

the appropriate method of delivering a particular quality of service.  This can result in 

over-engineering which reduces the recruitment of other sources of flexibility which 

might have been more efficient. 
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10. ANNEX A: QUESTIONNAIRE ON DSF IN ELECTRICITY 

Defined terms are capitalised and defined at the end. 

Time-based pricing in electricity supply 

Note: A given tariff might fall into more than one category (e.g. a Time of Use Tariff might be ‘Seasonal’ and 

‘On-Peak Tariff’ at the same time). 

What is the usage of time-based pricing in electricity supply? 

 Large 
Customers 

Medium 
Customers 

Residential 
Customers 

Other (if 
needed) 

Time of Use electricity supply Tariffs 

Seasonal electricity 
supply Tariff 

    

On-Peak electricity 
supply Tariff 

    

Off-peak electricity 
supply Tariff 

    

Other Time of Use 
tariff (specify) 

    

Critical Peak electricity 
supply Tariffs 

    

Real Time electricity 
supply  Tariffs 

    

Other time-based 
electricity supply Tariffs 
(specify) 

    

 Choose from (a) Universal  (b) Common  (c) Occasional  (d) Not 
available   
Or provide %ages if available 

Time-based network tariffs 

What is the usage of time-based network tariffs? 

 Large 
Customers 

Medium 
Customers 

Residential 
Customers 

Other (if 
needed) 

Seasonal Network Tariff     

Day of Week Network 
Tariff 

    

On-Peak Network Tariff     

Off-Peak Network Tariff     

Other time-based 
network tariff (specify) 

    

 Choose from (a) Universal  (b) Common  (c) Occasional  (d) Not 
available   
Or provide %ages if available 
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Demand Participation in Wholesale Energy Markets 

Is there, or is there planned, demand participation in Wholesale Energy Markets? 

Can/will Demand Resource participate in Wholesale Energy 
Markets? 

 

If so, does/will it participate on an equal basis to 
generation? 

 

If so, can/will Aggregators supply Demand Resource for it?  

Choose from (a) Yes (b) Planned (c) Not Planned n/a Not applicable 

 

Demand Participation in the provision of balancing services 

Is there, or is there planned, demand participation in the provision of balancing energy? 

Can/will Demand Resource participate in the balancing 
energy markets? 

 

If so, does/will it participate on an equal basis to 
generation? 

 

If so, can/will Aggregators supply Demand Resource for it?  

Choose from (a) Yes (b) Planned (c) Not Planned n/a Not applicable 

Activated volumes in the balancing market in 2013 (secondary and tertiary balancing 
energy) 

Total (MWh): Demand Resource Participation (MWh): 

 

Is there, or is there planned, demand participation in the provision of balancing reserves? 

Can/will Demand Resource participate in the provision of 
primary balancing reserves? 

 

Can/will Demand Resource participate in the provision of 
secondary and tertiary balancing reserves? 

 

If so, does/will it participate on an equal basis to 
generation?  

 

If so, can/will Aggregators supply Demand Resource for it?  

Choose from (a) Yes (b) Planned (c) Not Planned n/a Not applicable 

Balancing reserves in 2013 (secondary and tertiary) 

Average total balancing reserves (MW): Average reserves provided by DR (MW): 
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Demand Participation in Capacity Remuneration Mechanism Markets 

Is there, or is there planned, demand participation in a Capacity Remuneration Mechanism? 

Does your country have/plan a Capacity Remuneration 
Mechanism? 

 

If so, can/will Demand Resource participate in the Capacity 
Remuneration Mechanism? 

 

If so, does/will it participate on an equal basis to 
generation?  

 

If so, can/will Aggregators supply Demand Resource for it?  

Choose from (a) Yes (b) Planned (c) Not Planned n/a Not applicable 

If so, what is the size of the Capacity Market as of December 2013 

Total (MW): Demand Resource Participation (MW): 

 

Other Explicit Demand Side Participation 

Are there other routes for provision of explicit Demand Resource for other purposes 

including in emergency situations? 

Interruptible contracts between suppliers and users, called 
by suppliers 

 

Demand Resource called directly from DSO or TSO to users   

Demand Resource called by TSO or DSO via Aggregators or 
other third parties 

 

Other (ancillary services, 
congestion management, etc.) 

Specify  

Choose from (a) Yes (b) Planned (c) Not Planned 
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Types of Demand Resource that may participate in the schemes 

What kinds of Demand Resource may participate in the schemes mentioned? 

Which of the following kinds of Demand Resources can, or are planned, to be able to 

participate in the various schemes set out above 

 Wholesale Balancing Capacity Other 

Demand interruption     

Demand reduction     

Time-shift of demand     

Embedded generation     

Energy efficiency 

measures 

    

Choose from (a) Yes (b) Planned (c) Not Planned 

 

Quantity of Explicit Demand Side Resource Provided 

What is the maximum total explicit voluntary Demand Resource that has been provided in 

a stress situation such as transmission constraint and/or emergency or near emergency? 

Maximum Demand Resource provided in a 
stress situation (MW) 
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Definitions 

A Time of Use Tariff is a charge determined in advance which varies by time of day, day of week and/or 

season of year.  It is 

 Seasonal if it charges different prices at different times of year 

 On-Peak if it charges a higher price during times regularly expected to have higher than usual 

demand (e.g. weekday early morning and evenings) 

 Off-Peak if it charges a lower price during times regularly expected to have lower than usual 

demand (e.g. night-time tariff)171 

A Real Time Tariff is a price that is posted in real time (typically at least hourly) and communicated 

automatically to the customer as it changes. 

Critical Peak Tariff if it charges a higher price during a short period which represents the critical peak 

Demand Resource is explicit voluntary load interruption, reduction, interruption, embedded 

generation, time-shift of demand, or energy efficiency reduction mediated either directly from users,  

or through  supplier or aggregator.  It excludes forcible interruption or reduction imposed upon the 

customer in an emergency situation and outside the terms of an explicitly agreed and paid-for 

arrangement.  It excludes reductions encouraged by Time of Use and Real Time Tariffs. 

An Aggregator is a third party intermediary specialising in coordinating or aggregating demand 

response from individual customers to better meet industry parties’ technical requirements for 

specific routes to market. 

Wholesale Energy Markets are day-ahead markets or similar, as opposed to time-scales which would 

be considered to be balancing. 

A Capacity Remuneration Mechanism is a system whereby providers are rewarded for supplying 

capacity when needed over an extended period at defined calling notice, and guarantee to do so over 

a period of typically a year, and typically offer to do so a number of years ahead of time. 

Customer Type definitions 

In some of the questions we distinguished between Large, Medium and Residential (or Household) 

Customers, as in practice charging methods distinguish these three layers, and we hope that this 

distinction is appropriate in your case.  We have not specified the level at which a distinction lies 

between Large and Medium, but allowed you to set a level if there is a suitable well-defined category 

of Large customers for most purposes in your country. 

For your purposes, a Large 

Customer is over: 

 (comment if required) 

 

 

                                                      
171 The distinction between an On-Peak tariff and an Off-Peak tariff is that in the On-Peak case the higher charge 
applies less than half the time, whereas in an Off-Peak tariff the lower charge applies less than half the time. 
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11. ANNEX B: QUESTIONNAIRE ON DSF IN GAS 

Time-based pricing in gas supply 

What is the usage of time-based pricing in gas supply? 

Note: A given tariff might fall into more than one category (e.g. a Time of Use Tariff might be ‘Seasonal’ and 

‘On-Peak Tariff’ at the same time). 

 Large 
Customers 

Medium 
Customers 

Residential 
Customers 

Other (if 
needed) 

Time of Use  gas supply Tariffs 

Seasonal gas supply 
Tariff 

    

Day of week gas supply 
Tariff 

    

Peak gas supply Tariff     

Off-peak gas supply 
Tariff 

    

Other Time of Use 
Tariff (specify) 

    

Real Time gas supply  
Tariffs 

    

Other time-based gas 
supply tariffs (specify) 

    

 Choose from (a) Universal  (b) Common  (c) Occasional  (d) Not 
available   
Or provide %ages if available 

Time-based network tariffs 

What is the usage of time-based network tariffs? 

 Large 
Customers 

Medium 
Customers 

Residential 
Customers 

Other (if 
needed) 

Seasonal Network Tariff     

Day of Week Network 
Tariff 

    

Peak Network Tariff     

Off-Peak Network Tariff     

Other time-based 
network tariff (specify) 

    

 Choose from (a) Universal  (b) Common  (c) Occasional  (d) Not 
available   
Or provide %ages if available 

 

  



136 

Interruption and Demand Reduction 

What kinds of interruption and demand reduction arrangements are available, and how are 

they remunerated? 

 Availability How remunerated? 

Interruptible contracts between 
suppliers and load, called by suppliers 

  

Demand reduction or interruption 
called directly from DSO or TSO to 
users 

  

Interruption called by TSO/DSO from 
Aggregators  

  

Other Specify   

 Choose from 
(a) Yes 
(b) Planned 
(c) Not Planned 

Choose from 
(a) Reduced energy 
supply price 
(b) Market determined 
rate for reduction 
(c) Regulated rate for 
reduction 
(d) Option/exercise 
split 
(e) Other (specify) 

 

 

Quantity of Explicit Demand Side Resource Provided 

What is the maximum quantity of total explicit demand side reduction and interruption 

voluntarily provided under schemes where the users have volunteered to reduce or interrupt 

in specified circumstances (ie excluding forced load-shedding in emergencies), either 

directly or via Aggregators or suppliers, that has been provided in a stress situation such as 

transmission constraint and/or emergency or near emergency? 

Maximum demand side reduction provided in a stress situation 

(MW) 
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Definitions 

A Time of Use Tariff is a charge determined in advance which varies by day of week and/or 

season of year.  It is 

 Seasonal if it charges different prices at different times of year 

 Day of Week if it charges a higher price on some days of the week than others 

 On-Peak if it charges a higher price during times regularly expected to have higher than usual 

demand (e.g. weekday early morning and evenings) 

 Off-Peak if it charges a lower price during times regularly expected to have lower than usual 

demand (e.g. night-time tariff)172 

A Real Time Tariff is a price that is posted in real time (typically at least hourly) and communicated 

automatically to the customer as it changes. 

An Aggregator is a third party intermediary specialising in coordinating or aggregating 

demand response from individual customers to better meet industry parties’ technical 

requirements for specific routes to market. 

 

Customer Type definitions 

In some of the questions we distinguished between Large, Medium and Residential (or 

Household) Customers, as in practice charging methods distinguish these three layers, and 

we hope that this distinction is appropriate in your case.  We have not specified the level at 

which a distinction lies between Large and Medium, but allowed you to set a level if there is 

a suitable well-defined category of Large customers for most purposes in your country. 

For your purposes, a Large 

Customer is over: 

 (comment if required) 

 

 

                                                      
172 The distinction between an On-Peak tariff and an Off-Peak tariff is that in the On-Peak case the higher charge 
applies less than half the time, whereas in an Off-Peak tariff the lower charge applies less than half the time. 
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12. ANNEX C: LIST OF ABBREVIATIONS AND COUNTRY CODES 

General Abbreviations 

ACER:  Agency for the Cooperation of Energy Regulators, the client for this report 

BMWi:  German ministry for business and technology 

CBA:  cost benefit analysis 

CEER:  Council of European Energy Regulators 

CEPA:  Cambridge Economic Policy Associates, an author of this report 

CHP:  combined heat and power 

CNG:  compressed natural gas 

CPI:  Continued Policy Initiatives, the name of one of the PRIMES scenarios 

CPP:  critical peak pricing, a form of tariff where a user pays a supplementary charge reflecting 

its usage during particularly high periods of demand 

CRM:  capacity remuneration mechanism, a general term for a mechanism to pay electrical 

capacity providers for delivering capacity under specified conditions, and/or maintaining their 

ability to do so; in this report we restrict its usage to apply to capacity markets and capacity 

payments, as defined in the report 

DA-LBAR:  day ahead load bidding as a resource 

DECC:  UK Department of Energy and Climate Change 

dena:  German Energy Agency 

DLC:  direct load control 

DoE:  US Department of Energy 

DSBR:  demand side balancing reserves  

DSF:  demand side flexibility, defined in detail in the report at 3.2 

DSO:  distribution system operator 

DSR:  demand side response, defined in detail in the report at 3.2 

DUoS:  distribution use of system charge 

EC:  European Commission 

EDR:  emergency demand response 

EU:  European Union 

EWI:  Institute of Energy Economics at the University of Cologne 

FERC:  US Federal Energy Regulation Commission 
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FHH:  A Faruqui, D Harris and R Hledik (2009), Unlocking the €53 Billion Savings from Smart 

Meters in the EU, The Brattle Group 

FIT:  feed-in tariff, a price at which small scale distributed producers of renewable electricity 

are paid for their output, often heavily subsidised 

GB:  Great Britain 

GW:  gigawatt, 1,000,000 kW 

GWh:  gigawatt hour, 1,000,000 kWh 

ICL:  Imperial College London, an author of this report 

IHD:  in-house display 

IRP:  integrated resource planning 

ISO:  independent system operator (in US), a system operator that neutrally acts as a single 

system operator for several transmission operators 

ISO-NE:  ISO New England, an independent system operator in the US 

JRC:  European Commission Joint Research Centre 

kW:  kilowatt 

kWh: kilowatt hour 

LMP: locational marginal price, a price at a node arising from a system despatch using the 

nodal pricing method, as for example used by ISOs in the US 

LNG:  liquefied natural gas (not the same as LPG liquefied petroleum gas) 

LSE:  Local Supply Entity, a general term for an electricity supplier in the US 

MS:  EU Member State 

MW:  megawatt, 1,000 kW 

MWh:  megawatt hour, 1,000 kWh 

NPV: net present value 

NYISO:  New York ISO, an independent system operator in the US 

Ofgem:  Office of Gas and Electricity Markets, the energy regulator in Great Britain 

PCR:  price coupling of regions, in particular in Germany, where for the purposes of the 

international price coupling mechanism, Germany is divided into several price zones 

PJM:  PJM Interconnection, an independent system operator in the US 

PRIMES:  the name of some future energy scenarios specifying quantities and locations of 

electricity generation and demand, commissioned by the EC and used by them, and in reports 

they commission, for projections 
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PTR:  peak time rebate, a tariff mechanism used mainly in the US similar to critical peak pricing 

RES:  renewable source of energy, usually in particular electricity; also the name of a PRIMES 

scenario with a higher quantity of renewable electricity generation; also RES-E 

RTO:  regional transmission operator (in US) 

RTP:  real time pricing  

SBR:  supplemental balancing reserves 

SEDC:  Smart Energy Demand Coalition, an industry association 

SO:  system operator 

STOR:  short term operating reserves 

therm:  a quantity of gas standardised by its energy content, equivalent to 29.3 kWh 

TNUoS:  transmission network use of system charge 

TOE:  tonne of oil equivalent, a unit of energy equivalent to 11,630 kWh 

ToU:  time of use tariffs, in particular static time of use tariffs as opposed to real time pricing 

TPA:  TPA Solutions, an author of this report 

TRIAD:  the name of the electricity transmission network use of system charge in Great Britain 

TSO:  transmission system operator 

TWh: terawatt hour, 1,000,000,000 kWh 

VoLL:  value of lost load, the lost economic value energy customers attribute to losing energy 

supply for a period, typically without warning 

yr: year 
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Country Codes 

AT Austria 

BE Belgium 

BG Bulgaria 

CY Cyprus 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 

EL Greece 

ES Spain 

FI Finland 

FR France 

GB Great Britain (UK excluding Northern Ireland) 

HR Croatia 

HU Hungary 

IE Republic of Ireland 

IT Italy 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MT Malta 

NL Netherlands 

PL Poland 

PT Portugal 

RO Romania 

SE Sweden 

SI Slovenia 

SK Slovakia 

UK United Kingdom of Great Britain and Northern Ireland 


