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1 Abstract
Following their decarbonisation strategies, many European countries are showing
significantly increasing generation from renewable energy sources (RES). Especially the
variable renewable energies (VRE) wind and PV will have an important role. However, while
the shares of wind and PV are rising, new challenges arise to electricity systems. At first, we
shortly characterize the main challenges caused by VRE. In the second step, we discuss the
role of demand response (DR) in solving these challenges on a systemic level. Focussing on
the six Sim4Blocks countries, we then describe the current electricity market design in order
to better assess the challenges that DR services might face in the participation in these
markets. We then have a deeper look into the current regulatory barriers for DR in the six
countries. Finally, we compare the economic potential of DR on different spot and balancing
markets in Europe.
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2 Introduction
The Sim4Blocks project aims at developing and implementing market access and business
models for DR offered by blocks of buildings. As there is no heat market per se due to its
very local conditions, the focus has been put on electricity markets since the electricity
generated within building blocks or the shift of electricity consumption can be marketed
there. Therefore, it is necessary to take into account electricity markets’ characteristics,
market access requirements and possible barriers but also the current regulation and policy
environment in the six focus countries of the Sim4Blocks project, namely: United Kingdom
(UK), Germany, Spain, France, Switzerland and Belgium.
The work package (WP) 7 addresses the challenge of establishing relevant business models
and clarifying market access and standardisation for DR services. Within WP7, task 7.2, in
which the present report is embedded, aims more specifically at defining the market access
requirements. The results of this deliverable will support other WP7 deliverables, such as
the deliverable 7.3 “study of the business opportunities for DR from blocks of buildings” and
7.4 “model based study on electrical system simulation”. Amongst others, it will provide
inputs on the state of the art of the electricity markets needed to conduct the studies in the
above-mentioned deliverables. Deliverable 7.2 will be also of support for WP2 dedicated to
modelling.
After having demonstrated the challenges of VRE integration and thus defined the concept
of flexibility and its need for the energy system, we address the need for DR from a system
perspective. Furthermore, this report clarifies the requirements and specifications of
electricity markets in the six focus countries of the Sim4Blocks project. The report also
highlights the current barriers and challenges that DR services may face to enter electricity
markets and thus makes the transition with T7.5 on market and policy scenarios. Finally, the
theoretical economic potential of DR is compared on different spot and balancing markets.
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3 Demand response: bringing flexibility into the electricity
system
In order to better assess the topic of DR and how it can be considered as a service offered
to electricity markets as well as to provide a concrete scope for this report, we define the
concept of flexibility here.

3.1 What is flexibility?
There is no unique definition of flexibility but all definitions link this topic to the issues of
variability and uncertainty. Flexibility also has a dynamic component and is a function of
time at different scales.
The Institute of Electrical and Electronics Engineers (IEEE) defines flexibility as “the ability
of a power system to cope with variability and uncertainty in both generation and demand,
while maintaining a satisfactory level of reliability at a reasonable cost, over different time
horizons (Ma et al., 2013).
The flexibility issue should not be only analysed in the perspective of “flexibility’ objectives”
but also in the perspective of “flexibility’ origins” (Grunewald, 2016).
Flexibility is not a new issue but has become more important since the development of VRE
is going forward and their integration is a challenge for the balance between supply and
demand while keeping electricity affordable for households and industries. This challenge is
demonstrated in the following chapter.

3.2 Challenges of VRE integration and flexibility need from a system
perspective
Generation from wind and PV is characterized as volatile in time and uncertain until delivery
as it depends on the weather. In literature residual load duration curves (RLDC) are usually
used to visualize the volatility and derive challenges to the power system (Ueckerdt et al.
2018, Zöphel et al. 2018). Residual load is the remaining load when adding VRE generation
to a power system. RLDC derive from the residual load by transforming historical time series
into a descending order (Figure 1).
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Figure 1 - Deriving the residual load duration curve. Assumptions: 600 TWh demand, 6% Offshore wind, 24%
Onshore wind and 25% PV (own illustration according to Ueckerdt et al., 2015). Visualization based on German
weather year data 2017 from Bundesnetzagentur (2018).

The descending order of RLDC easily visualizes VRE integration challenges (Ueckerdt et al.
2015, Zöphel et al. 2018). However, due to the reordering of points into descending order,
time series lose intertemporal context. Information about residual load gradients from a
time step to another disappear. Since increasing VRE shares escalate these gradients (Figure
2) and conventional capacities as well as flexibility options have to cover these ramps,
addressing and compensating also for these individual residual load gradients is also crucial.
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Figure 2 - Residual load gradient development at increasing VRE shares. Visualization based on German
weather year data 2017 from Bundesnetzagentur (2018).
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Figure 3 - Deriving four main challenges of integrating VRE (illustration of RLDC and frequency distribution
according to Ueckerdt et al. (2015) and Huber et al. (2014)). Visualization based on German weather year data
2017 from Bundesnetzagentur (2018) assuming 600 TWh electricity demand, 6% Offshore wind, 24% Onshore
wind and 25% PV

Ueckerdt et al. (2015) and Zöphel et al. (2018) derive three main VRE integration challenges,
low capacity credit, reduced full-load hours (FLH) and overproduction (RLDC illustration in
Figure 3). However, this RLDC approach neglects intertemporal context of VRE generation
as well as increasing residual load gradients due to its descending order.
For a comprehensive illustration of the main VRE integration challenges, we combine RLDC
(left) and frequency distribution of residual load gradients (right) in Figure 3. From this, we
deduce four challenges to power system caused by the intermittency of increasing VRE
penetration. The first three challenges, namely low capacity credit, reduced full-load hours
(FLH) and overproduction can be illustrated by the RLDC as shown in in Figure 3 (Ueckerdt
et al. 2015 and Zöphel et al. 2018). However, this RLDC approach solely would neglect
intertemporal context of VRE generation as well as increasing residual load gradients due to
its descending order. Instead, the frequency distribution of 1-hour residual load gradients
illustrates the fourth challenge of increasing gradient patterns. Figure 4 below demonstrates
these four challenges at increasing shares (0%, 10%, 20% and 40%) of wind and PV.
Uncoordinated deployment can lead to extremely volatile residual loads as well as to
significantly shifted and restructured RLDCs. Thus, we compare the impact of isolated wind
deployment as well as isolated PV deployment to that of a technology mix of both. The
analyses use German data from the weather year 2017. Despite different demand and VRE
generation patterns, the basic trends can be assumed to be robust across European
countries, given the driving assumptions of technology deployment.
1. Low capacity credit: Wind and solar generation is weather-dependent and necessarily
not always available during times of high demand. Thus, VRE feed-in only slightly
decreases residual load peaks. Kronthaler and Müller (2016) and Ueckerdt et al. (2015)
as well as own analysis (Figure 4) show that residual load peaks remain relatively constant
even with strongly increasing VRE shares. Since power demand is peaking during winter
evenings, PV does not even reduce the maximum load peak (100% at share of 40% PV),
while wind slightly reduces the maximum load peak (92% at a share of 8% Offshore and
32% Onshore). Despite marginally lower residual peak load, a balanced technology mix
between wind and PV cannot overcome this lasting peak load level (90% at a share of 6%
5
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Offshore, 24% Onshore and 10% PV). Without any further flexibility options, the remaining
high residual peak load leads to continuing high conventional capacities.
2. Reduced FLH: Higher VRE penetration decreases residual load and shifts the RLDC
intersection with the abscissa further to the left, leading to less need for conventional
power generation. In other words, the annual FLHs of dispatchable power plants will
reduce while wind or PV capacities grow. Reduced FLHs increase the specific generation
costs since less utilization hours have to cover the same capacity costs. The RLDCs in
Figure 4 show decreasing utilization of dispatchable power plants regardless of which
VRE portfolio mix. Additional wind shares slightly reduce peak, intermediate and base
load demand. Instead, PV decreases intermediate load at low PV shares due to
correlation between PV generation and intermediate load levels in the summer. At high
PV shares remaining residual base load demand strongly reduces due to its diurnal
pattern and high simultaneity of PV feed-in. A mixed technology portfolio can mitigate
this negative effect on power plant utilization. At a VRE share of 40%, the RLDC intersects
at hour 8674 in the mixed VRE portfolio while this point already occurs at 7369 hours
(40% PV) and 8336 hours (8% Offshore, 32% Onshore) in the single technology scenarios.
3. Overproduction: With increasing VRE deployment wind and solar generation will exceed
demand. Without any further flexibility options this overproduction leads to VRE
curtailment. Hence, this decreasing utilization of wind and PV power plants increases
their specific generation costs. As illustrated in Figure 4, overproduction strongly appears
at high PV shares. PV generation makes a strong kink in the RLDC, since PV feed-in is
concentrated in a few hours of the day due its diurnal irradiance pattern.
4. Increasing residual load gradients: Increasing share of weather-dependent wind and PV
generation impacts absolute magnitudes of VRE feed-in thus also affecting gradients of
the remaining residual load. Conventional power plants have to react to these load
gradients, also known as load ramps, by up or down ramping. Huber et al. (2014) as well
as our own illustration both demonstrate the increasing flexibility requirements as wind
and PV generation rises. The frequency distribution in Figure 4 indicates declining
frequency of time steps with low residual load gradients and a shift toward time steps
having high gradients. However, in all sketched scenarios low gradients still occur most
often. While increasing PV generation strongly increases high gradients, the same amount
of wind has a relatively small effect. In contrast to the RLDC analysis, comparing the
pure wind scenario with the technology mix of wind and PV indicates slightly higher
frequency requirement caused by the intermittent PV ratio.
The illustration of increasing VRE shares (see Figure 4) leading to growing integration
challenges underlines the need of flexibility options such as DR from a power system
perspective. DR faces the integration challenges introduced above by providing system
flexibility: flattening residual loads by curtailing load at times of peak load (load shedding),
shifting load from high residual load times to low or negative residual load times (load
shifting) and increasing load demand by transforming power into another energy carrier
(Power-to-X).
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Figure 4 - Residual load duration curves according to VRE shares. Visualization based on German weather year
data 2017 from Bundesnetzagentur (2018).
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3.3 Different flexibility options
As demonstrated above, DR is an option to address the increasing need for flexibility in the
power system. Besides DR, further flexibility options exist to flatten the residual load.
Following the structure by Müller et al. (2016) flexibility options can outbalance the VRE
overproduction (blue shaded), the VRE deficit (yellow shaded) or both at once (see Figure
5). These three characteristics structure flexibility in downward flexibility, upward
flexibility and shifting flexibility. Reducing of load (load shedding) and increasing of
generation (flexible power plants) provides downward flexibility coping VRE deficits.
Increasing of load (Power-to-X) and reducing of generation (VRE curtailment) provides
upward flexibility facing VRE overproduction. Shifting flexibility includes technologies which
outbalance residual load volatility bidirectionally in time (load shifting, energy storages) or
in space between regions (electricity grid).

Adaption of the operation
mode

Temporal
shift

Spatial
shift

Demand
increase
(Power-to-X)

VRE deficit

Energy storages

VRE
curtailment

Load
shedding

Load shifting

Upward
flexibility

Flexible power
plants

Electricity
grid

Shifting flexibility

Downward
flexibility

DSM

VRE overproduction

Figure 5 - Structuring of flexibility options (own illustration following Müller et al., 2016)

The flexibility options from the figure are described in the following:
1. Flexible power plants: In this more conventional option, electricity power stations
adapt their production to the demand at any specific time. This can be obtained via
dispatchable generation, i.e. via energy sources that can be turned on or off in a
relatively short amount time. This occurs in response of market prices or according
to an order from the transmission system operator in case of grid congestion.
Examples of dispatchable generation are dynamically fast responding conventional
power plants, e.g. open cycle gas turbines, or the use of dispatchable renewable
energy power plants such as hydroelectric, geothermal and biomass.
2. VRE curtailment: Volatile feed-in from wind and PV sites can be reduced. This
prevents overproduction or transmission congestion in windy and sunny times.
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3. Energy storages: The role of energy storage in the electricity system can be seen as
both generation and demand. Storage provides flexibility by shifting in time the
demand or increasing supply. Storage technologies include pumped hydro storage,
Compressed Air Energy Storage (CAES), stationary Battery Energy Storage System
(BESS) or flywheels which are stationary, as well as time-variant storage capacities,
e.g. the aggregated battery capacity of electric vehicles.
4. Electricity grid: Power networks are important means to realize flexibility
potentials by enlarging the system boundaries and providing of balancing effects. In
power systems characterized by high RES feed-in, networks allow for the balance
through varying feed-in patterns in the different regions. The feed-in, transport, and
consumption of electricity on local, regional, national and European scale needs to
be ensured by maintaining, reinforcing and expanding the power network
accordingly. Well-dimensioned networks shall allow for the growing integration of
both centralized and decentralized sources of low carbon energy without affecting
the quality of supply.
Flexibility can also be obtained via interconnection with neighbouring systems and
developing more power links with other countries. This is nowadays facilitated by
the growing integration of national and international power markets; however, the
infrastructure still needs to be developed to ensure a greater level of flexibility.
5. Demand side management: Demand side management (DSM) is described as
“modifications in the demand side energy consumption pattern to foster better
efficiency and operations in electrical energy systems” (Behrangrad, 2015). DSM
activities can be classified in energy efficiency and DR. While energy efficiency
refers to reducing the overall (static) energy demand, DR focuses on demand shifting
in time, driven by market prices or payment incentives (Warren, 2014 and
Behrangrad, 2015). DR options offer unidirectional flexibility (load shedding, Powerto-X) as well as bidirectional flexibility (load shifting). The European Commission
(EC) defines DR as “voluntary changes by end-consumers of their usual electricity
use patterns – in response to market signals (…) or (…) to sell in organised energy
electricity markets [consumer’s] will to change their demand for electricity at a
given point in time” (European Commission, 2013). DR is thus a voluntary and
remunerated process, which can be operated by both industrial and residential
consumers. Industrial installations already provide this kind of flexibility, by shifting
or reducing their power consumption of their processes. The potential for demand
management in services and households is high, however, the development and
implementation of technologies (i.e. smart metering service) is a condition to ensure
this potential.

9
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4 Electricity market’s overview
4.1 Overview of the different markets existing in Europe and
overview per country
In order to select the best opportunities for DR services, this report provides a
comprehensive and comparative overview of existing electricity markets. The work has been
carried out on the six focus countries of the Sim4Blocks project.
In the first step of this deliverable, an overview of the existing electricity markets is provided
and the access for DR services is examined. In the second step, the economic potential of
DR is analysed in selected markets.
Different markets exist for the trading of energy between buyers and sellers. On the dayahead market, products are traded for delivery on the following day. The intraday market
trades products to balance possible deviations from the day-ahead forecast.
Balancing markets are needed to maintain the balance between electricity generation and
consumption in the short term. Therefore, mainly three different types of control reserves
are available: primary control reserve (or frequency containment reserve), secondary
control reserve (or automatically activated frequency restoration reserve) and
tertiary/minute control reserve (manually activated frequency restoration reserve) which
differ according to the principle of activation and their activation speed.
Capacity mechanisms aim at ensuring the security of supply on a long-term perspective.
The above-mentioned markets are described below, when existing.

4.1.1 Belgium
4.1.1.1 Balancing market and ancillary services
Frequency Containment Reserve (FCR) – R1
Two procurement schemes coexist in Belgium for FCR:
- At least 30% of the required FCR needs are sourced in a “local” Belgium-only weekly
auction. In this auction, four different products can be sourced, depending on the frequency
deviation (Elia, 2016a):
o

R1 asymmetrical up: activated between [-200 mHz, - 100 mHz]. This product
is mainly supplied by industrial clients (load)

o

R1 asymmetrical down: activated between [100 mHz, 200 mHz]. Only supplied
by base-load Elia (Belgium's electricity transmission system operator)connected generators

o

R1 symmetrical 200 mHz: activated between [-200 mHz, +200 mHz]

o

R1 symmetrical 100 mHz: activated between [-100 mHz, +100 mHz]

The volumes on this auction are procured jointly with aFRR volumes for Belgium, in a total
cost optimization process undertaken by Elia. Process to separate this auction from aFRR,

10

www.sim4blocks.eu

and in the end possibly to procure all volumes through the FCR cooperation auction (see
below) is being consulted on by Elia.
- Maximum 70% is procured through the European platform Regelleistung in the context of
the “FCR cooperation” with a common European procurement of FCR through weekly
auctions (expected to move to daily).
The minimum lot size for all R1 products is 1 MW.
The activation is automatic and must be completely dispatched in 30 sec. The
reimbursement is for capacity price via a pay-as-bid system and there is no compensation
for actual supply of energy. If approved by ENTSO-E in autumn 2018, the volumes procured
on the Regelleistung platform will shift to a pay-as-clear model by June 2019 according to
the proposal submitted by the TSOs of the FCR cooperation to the National Regulation
Authority (NRA) (50Hertz et al. 2018a).
The amount of primary control power that can be provided by industrial clients is limited to
a maximum of 25MW, for security reasons.
In Belgium R1 can be delivered with a pool of flexible assets.
It is also possible to provide frequency control in Belgium with energy constrained asset such
as batteries. However, the framework agreement, which has been negotiated between Elia
and flexibility providers such as aggregators, allows all energy constrained assets to be
integrated, including buildings (Elia, 2016b). It will allow to work with small (around 1 MW)
clusters where one can work with a centralised frequency measurement instead of having
local frequency measurements. The service needs to be provided at a centralised level,
whereas qualification and settlement are at cluster level.
automatic Frequency Restoration Reserve (aFRR) – R2
The tendering period for secondary reserve (R2) is offered through weekly auctions (joint
procurement with “local” FCR auction, see previous paragraph). The product R2 is a
symmetrical product and the minimum lot size is 5 MW, per production unit and per tariff
period.
Activation is done automatically through a control signal and must be available within 30 sec
to 15 minutes, as long as needed. Reimbursement is for both capacity price and for actual
supply of energy via a pay-as-bid system. The remuneration is made via a pay-as-bid
principle.
manual Frequency Restoration Reserve (mFRR) – R3
In contrary to the primary and secondary reserves, the tertiary reserve is activated manually.
The tendering period for tertiary reserve (R3) is offered via a month-ahead tendering. There
are two categories of tertiary reserve available. They are: R3-Standard (R3-PROD) and R3Flex (R3-DP). R3-Standard has an unlimited number of activations for a maximum duration
of 8 hours per day with no minimum time between two activations. R3-Flex has a limited
number of activations based on a contractual agreement for a maximum duration of 2 hours
per activation and a minimum time of 12 hours between two activations.
In addition to those contracted reserves, free bids (i.e. non-reserved tertiary reserve) in R3
are also available for all technologies through the so-called “Bidladder” platform, combined
with a transfer of energy solution. In the past, only large power generation units (>25 MW)

11
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could provide flexible volumes. With the Bidladder platform, smaller units and DR can
participate, both for TSO and DSO connected assets.
4.1.1.2 Day-ahead market
The trading is taking place at the EPEX Spot exchange via a daily auction, year-round, which
closes each day at 12:00. The prices are set between -500€/MWh and +3000€/MWh. There
are two types of contracts: single-contracts and block contracts. The maximum volume for
a bloc order is 400 MW. Specifically interesting in the Belgian day-ahead market are flexible
orders, i.e. orders that take into account energy constraints of flexible assets. This is quite
important to integrate energy constrained flexibility in the energy markets.
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4.1.1.3 Intraday market
The Belgium intraday market takes place every day at the EPEX Spot platform, year-round.
The procedure is continuous and the trading opens at 14:00 for the hourly contracts for the
next day. It closes five minutes before delivery.
The prices are set between -9999€/MWh and +9999€/MWh.

4.1.2 France
4.1.2.1 Balancing market and ancillary services
Frequency Containment Reserve (FCR) - Réserve Primaire [F-b] or Réglage
primaire de fréquence
The primary reserve is activated automatically within 30 sec. The volume of the reserve is a
bit less than 600 MW and the minimum lot size is 1 MW (with a maximum of 150 MW). The
products traded are symmetric, but RTE can prequalify asymmetric capacities (that then
have to find a counterpart to sell a symmetric capacity).
France has joined the FCR cooperation in January 2016 and now procures all of its FCR on
this common platform within the 30% import and 70% export limits fixed by the Guideline on
electricity transmission system operation (SOGL) though. Capacity providers are paid at payas-bid, and will as for Belgium move to pay-as-clear by June 2019. Energy activated in FCR
is also paid in France, at the reference spot price, which is the average day-ahead price in
France established by the Nominated Electricity Market Operator (NEMO). Energy limited
assets such as hydro have been participating in the French FCR since the beginning, with a
requested reservoir by RTE of 15 min. New rules and prequalification specifications are being
implemented in 2018 regarding the participation of batteries, with proposals to frame the
State Of Charge (SOC) management strategies.
automatic Frequency Restoration Reserve (aFRR) – Réserve Secondaire or Réglage
secondaire de fréquence
The secondary reserve is activated automatically between 30 sec and 5 minutes after the
event. The volume of the reserve is comprised between 500 and 1000 MW and the minimum
lot size is 1 MW.
As for the primary reserve, the products traded are symmetric. aFRR product is not procured
through a market-based mechanism, since RTE still imposes an obligation on the aFRR
providers based on the dispatch of their central generation assets. Other technologies can
only access aFRR through a secondary market, by taking over the obligation of those
participants and negotiating an OTC price.
Both capacity (regulated price revised each year on January 1st) and energy activated
(reference spot price) are remunerated by RTE.
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manual Frequency Restoration Reserve (mFRR) and Restoration Reserve (RR) –
Mécanisme d’ajustement or Réserve tertiaire
The tertiary reserve is activated manually.
Products traded are asymmetric and different forms are possible, i.e. some generators can
provide electricity continuously (7/7, 24/24), only on working days, on weekends etc.
Two kinds of reserve constitute the tertiary reserve: the rapid reserve (réserve rapide) which
is an mFRR reserve (15 min Full Activation Time - FAT) has a volume of about 1000 MW and
the complementary reserve (réserve complémentaire) which is an RR product (30 min FAT)
with a volume of 500 MW. After a call for tenders for capacity, the winners get a one-year
contract. The energy is traded via a continuous call.
4.1.2.2 Day-ahead
The daily auction of the French day-ahead market takes place each day at 12:00, 7 days a
week, year-round, including weekends and holidays. The electricity traded is delivered the
following day in 24 hours intervals.
Both individual hours as blocks can be traded but hourly products remain as a priority
compared to block contracts. The maximum volume for a block order is 600 MW.
Prices for individual hours are set between -500€/MWh and 3000€/MWh.
4.1.2.3 Intraday
On the intraday market, single hours or block of hours are traded for the same or the
following day until 5 minutes before delivery. The trading begins at 15:00 of the current day.
Prices are set between -9999€/MWh and +9999€/MWh.
4.1.2.4 Capacity market
France has implemented a decentralized capacity market. The first delivery year was in
2017, with a reference price for the capacity that has been increasing from around
10000€/MW for 2017 delivery to 15000€/MW for 2019 delivery year.
The first auction following the introduction of a capacity mechanism in France, was held in
December 2016. Between 1 to 6 auctions per year shall take place on the EPEX Spot platform
and the capacity guarantee is valid for one year. The minimum volume is one guarantee with
a guarantee representing 0,1 MW of capacity (EPEX SPOT, 2017). Remuneration is in € per
guarantee. On the auction day, the gate closes for order reception at 2.30 pm with results
published at 2.45 pm.
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4.1.3 Germany
4.1.3.1 Balancing market and ancillary services
Since 2010, a grid control cooperation among the four German TSOs is fully established
leading to a cost-effective control reserve retrieval across control areas.
Frequency Containment Reserve (FCR) – Primärregelreserve (PRR)
The tender for the frequency containment reserve occurs on a weekly basis based on a merit
order principle. The bidding time is on Tuesdays 3pm for the coming week and valid for the
complete week. The German FCR is part of an international cooperation and is thus coupled
with neighbouring markets. Since 2012, a part of the Swiss FCR is commonly auctioned, in
2014 the Netherlands followed who are currently procuring 70% of their FCR needs via the
common platform. In 2016, Belgium became a member of the cooperation and finally, in
January 2017, France joined as well (50Hertz et al., 2017b).The volume of the call for
tenders increased significantly and since January 2018, a total of +/- 1400 MW is procured.
The maximum FCR export allowed for Germany is 186 MW. The minimum lot size is 1MW and
only symmetric bids are accepted. The activation is automatic and within 30 sec.
Reimbursement is via a capacity price which is determined via auctions based on a pay-asbid principle.
There are special criteria for batteries: they must have a minimum pool size of 1 MW with
full activation within 30 sec. The duration of the product should be guaranteed for 15
minutes at full contracted power. Afterwards, the battery state of charge must be restored
within a maximum of 120 minutes. The German TSOs further specified specific requirements
for batteries. Further information is available at the common balancing energy platform of
the German TSOs (50Hertz et al., 2015).
automatic Frequency Restoration Reserve (aFRR) – Sekundärregelreserve (SRR)
On 28th June 2017, the Federal Network Agency (Bundesnetzagentur - BnetzA) revised the
aFRR tender’s participation specifications. The main changes concern the tender’s
frequency, product duration and the minimum bid volumes and will be effective from 12th
July 2018 onwards.
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Table 1 - Overview of changes in aFRR tender's participation

Specifications

Before 12th July 2018

After 12th July 2018

Tendering frequency

Weekly

Daily (calendar days)

Bidding time

Wednesdays 3 pm for the Previous day 8 am
coming week

Product duration

HT: working days: 8:00- 6 blocks per day (4h)
20:00
NT: remaining time

Reimbursement

Capacity and energy price

Product differentiation

Positive/negative
reserve

Minimum lot size

5 MW

Smaller bids (min. 1 MW)
partially possible (if bidder
only bids one product per
block)

Activation within

5 minutes

5 minutes

Capacity and energy price

control Positive/negative
reserve

control

The volume of the call for tenders is currently (Q2 2018) + 1876 MW and - 1820 MW. The load
following rate of 2% / min of the nominal capacity or 20% / min of the bid is required. The
activation is remote controlled and must be done within 5 minutes. Reimbursement is for
capacity and energy price. A merit order of energy prices (“Arbeitspreis”) is done only for
successful capacity bids.
With these changes, the participation of flexibility providers, such as DR, is intended to be
facilitated.
The new regulation was completed in May 2018 with changes related to the award
mechanism that also apply on July, 12th 2018. Because of the occurrence of high prices in
autumn 2017, the BNetzA amended the award mechanism for secondary and tertiary control
reserves. The new regulation foresees that the reserves will be awarded in ascending order
based on the award value (Zuschlagswert):
€⁄
𝐴𝑤𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒 [€⁄𝑀𝑊ℎ] = 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒 [ 𝑀𝑊⁄ℎ] + 𝐸𝑛𝑒𝑟𝑔𝑦 𝑉𝑎𝑙𝑢𝑒 [€⁄𝑀𝑊ℎ]

[1]

where,
€⁄
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒 [ 𝑀𝑊⁄ℎ] = capacity price bid [€/MW] / product duration [h]

[2]

𝐸𝑛𝑒𝑟𝑔𝑦 𝑉𝑎𝑙𝑢𝑒 [€⁄𝑀𝑊ℎ] = energy price bid [€/MWh] x weighting factor

[3]

This new regulation will apply for a transitional period until the introduction of balancing
energy markets according to the Electricity Balancing Guidelines (EBGL).
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manual Frequency Restoration Reserve (mFRR) – Minutenreserve (MR)
Similarly to the aFRR, the mFRR was also affected by regulatory changes in June 2017 and
May 2018. They are listed below:
Table 2 - Overview of changes in mFRR tender's participation -

Specifications

Before 12th July 2018

After 12th July 2018

Tendering frequency

Daily (week days)

Daily (calendar days)

Bidding time

Previous day 10 am

Previous day 10 am

Product duration

6 blocks per day (each 4h)

6 blocks per day (each 4h)

Reimbursement

Capacity and energy price

Capacity and energy price

Product differentiation

Positive/negative
reserve

Minimum lot size

5 MW

Smaller bids (min. 1 MW)
partially possible (if bidder
only bids one product per
block)

Activation within

15 minutes

15 minutes

control Positive/negative
reserve

control

The fact that smaller bids are accepted is also intended to foster the participation of DR
services.
4.1.3.2 Day-ahead market
The main function of the day-ahead market is to match short-term demand and supply of
electricity.
Currently, the German day-ahead market is coupled with the Austrian one and thus the
deliveries are made within one of the following TSOs zones:
-

Amprion GmbH

-

Tennet TSO GmbH

-

50Hertz Transmission GmbH

-

TransnetBW GmbH

-

Austrian Power Grid

This will however change from October 2018 on, since both markets will be split and no
common auction will be carried out anymore.
The daily auction takes place each day at 12.00 p.m. (including holidays and weekends) and
is an anonymous procedure. The delivery takes place on the day after the trading day.
The bid types are hourly bids and block bids. The hourly bids are of higher priority than block
bids.
The minimum volume is 0,1 MW for individual hours and prices must be between -500€/MWh
and 3000€/MWh.
The minimum volume is also 0,1 MW for a block bid and the maximum is 600 MW.
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The price setting is a market clearing price.
4.1.3.3 Intraday market
The main function of the intraday market is to match short-term demand and supply of
electricity.
The intraday market auction is anonymous, continuous and takes place each day of the year
(including weekends and holidays). The continuous hourly intraday trading starts at 3 pm of
the previous day. The gate closes 30 minutes before delivery.
Deliveries are made in the German TSO zones (Amprion GmbH, Tennet TSO GmbH, 50Hertz
Transmission GmbH, TransnetBW GmbH). Since 2010, there is also a market coupling with
physical deliveries to Austrian power grid, swissgrid and RTE (Réseau de Transport
d’Electricité).
Like for the day-ahead market, the minimum volume is 0,1 MW. The price caps are set
between -9999€/MWh and +9999€/MWh for the continuous trading.
Parallel to the continuous hourly trading, the 15-minutes intraday call auction starts at 3 pm
the day before delivery. It consists on individual quarter hours which are traded for delivery
the following day in 96 intervals. The price caps are set between -3000€/MWh and
+3000€/MWh for this auction.
The price setting for the auction is a uniform price clearing, whereas for the continuous
trading, it is a pay-as-bid principle.
4.1.3.4 Dedicated demand response markets
In 2012, a framework on interruptible loads was established in Germany aiming primarily at
large consumption units, which are connected to high voltage grids. The TSOs issue monthly
call for tenders for immediately interruptible loads (1500 MW) and quickly interruptible
loads (1500 MW). The following prequalification criteria are to be met:
-

Offer size: minimum 50 MW to maximum 200 MW

-

Offer options: at least 15min at any given time for several times a day at different
intervals for up to one hour per day for at least four times a week, continuously for
at least four hours at any given time (once every seven days), continuously for at
least eight hours at any given time (once every 14 days)

-

Activation: immediately interruptible loads automatically frequency-controlled
within the second when the level drops below a predefined grid frequency and
remotely controlled by the TSO, quickly interruptible loads remotely controlled
within 15min by the TSO

An amended version of the interruptible loads mechanism has been approved by the
European Commission in October 2016.

4.1.4 Spain
4.1.4.1 Balancing market and ancillary services
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A common characteristic of these markets is that it is not allowed to bid negative energy
prices.
Frequency Containment Reserve (FCR) – Regulación primaria
In Spain, the primary reserve is compulsory for generators and is not remunerated.
The minimum lot size is 1 MW. The activation is done automatically within 15s or 30s
depending on the imbalance and lasts for maximum 15 minutes.
automatic Frequency Restoration Reserve (aFRR) – Regulación secundaria
The minimum bid size is 10 MW and products traded are hourly products. The trading takes
place every day and the gate closes the day before delivery at 17:30.
The reimbursement is for capacity and energy.
The service is carried through regulatory areas. Each zone consists of a group of plants with
the capacity to provide the service. The zones are commanded by the master regulator of
the system operator, called RCP (Regulación Compartida Peninsular).
In the secondary reserve, penalties apply for the generation units that don’t supply the
committed capacity. This penalty is equal to 50% of the secondary reserve market price.
manual Frequency Restoration Reserve (mFRR) – Regulación terciaria
The activation of the tertiary reserve, which has to be done within 15 minutes, is manual.
The minimum bid size is 10 MW and products traded are hourly products. The trading takes
place every day and is based on a merit-order principle.
The reimbursement is for capacity and energy.
Since 2012, an additional upward reserve market also belongs to balancing markets and aims
at handle the situation of low reserve margins resulting from the day-ahead market schedule
(Fernandes et al., 2016).
4.1.4.2 Day-ahead
The main function of the day-ahead market is to match short-term demand and supply of
electricity. The spot market is managed by OMIE. The delivery takes place on the day after
the trading day (incl. weekends or holidays) and trading sessions take place in one daily
auction on 365 days/year. Sale and purchase bids can be made considering between 1 and
25 energy blocks in each hour, with power and prices offered in each block. In the case of
sales, the bid price increases with the block number; in the case of purchases, the bid price
decreases with the block number. The minimum is 0.1 MW. Price caps are set at
180.3€/MWh.
4.1.4.3 Intraday
The main function of the intraday market is to match short-term demand and supply of
electricity. The delivery takes place on the same day as the trading day. Market coupling
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exists among the OMIE Iberian market. There are six auctions which have different gate
closure times (Chaves-Ávila J.P, 2015).
Sale bids may be simple or incorporate complex conditions.
Simple bids consist of 1 to 5 blocks presented by sellers for each hourly period and production
or purchase unit that they own. A price (which increases in each block) and an amount of
power are given.
Complex bids integrate following conditions (OMIE, 2018):
-

Load gradient
Minimum income
Complete acceptance in the matching process of the first block of the sale bid
Complete acceptance in each hour in the matching period of the first block of the
sale bid
Minimum number of consecutive hours of complete acceptance of the first block of
the sale bid
Maximum matched power

4.1.4.4 Capacity market
Spain has an operational capacity market since 2007. Different schemes for capacity
payments apply (European Commission 2016b):
-

An “investment incentive” scheme for new nuclear, gas, coal, hydro and oil plants
An “availability incentive” scheme for new and existing gas, coal, pol and hydro
with storage
An “environmental incentive” scheme for coal plants that fitted sulphur dioxide
filters

Note that from 1st January 2016 on, new capacities cannot apply to part of these schemes
anymore (ACER, 2017).
4.1.4.5 Demand response market
There is one scheme allowing DR in Spain, which is called the Interruptible Load programme.
Introduced in 2008, this is a management tool that provides demand flexibility and quick
response to system operation in situations of imbalance between generation and demand.
The order is given by REE to large consumers, mainly industries since aggregation is not
allowed for this service. There are two products, one consisting of reductions in consumption
of 5 MW and another of 40 MW, using a computerized auction system with a descending
price. From this starting price, the amount goes down in each round. The supplier able to
offer the service at the lowest price wins the auction (REE 2018).

4.1.5 Switzerland
4.1.5.1 Balancing market and ancillary services
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Frequency Containment Reserve (FCR) – Réglage primaire
Switzerland has set up a combined auction for primary control power, together with Austria,
Germany and the Netherlands, called “PRL DACH-NL”.
The tender for primary reserve occurs on a weekly basis based on a merit order principle.
The bids are valid for the complete week from 00:00 Monday to 24:00 Sunday. The volume
of the call for tenders for Switzerland only is +/-74 MW. The minimum lot size is +/- 1MW
and the maximum is set to 25 MW. Multi-level bids i.e. multiple volume/price combinations
per bid are permitted, each incrementally ±1 MW at different prices. The activation is
automatic and within 30 sec, and lasts for maximum 15 minutes. Products traded are
symmetric. The reimbursement is for capacity only and there is no compensation for primary
control energy delivered (swissgrid, 2017).
Only companies that have concluded a framework agreement with Swissgrid may submit bids
and the requirement for concluding a framework agreement is successful prequalification by
Swissgrid or, for French providers of primary control power (PCP), the contracts required by
RTE for provision of PCP for Switzerland.
The primary reserve relies on the solidarity principle, i.e. TSOs can procure reserve outside
their own grid.
automatic Frequency Restoration Reserve (aFRR) – Réglage secondaire
The tendering period for secondary reserve is weekly and the bids are valid for the complete
week from 00:00 Monday to 24:00 Sunday. The volume of the call for tenders varies but in
general is ±400 MW. The minimum lot size is of ±5 MW and the products are symmetrical
control power bands. The maximum bid size is 50 MW. Multiple volume/price combinations
per bid are permitted (multi-level bids), each incrementally ±1 MW at different prices.
The activation is done semi-automatically. The capacity has to be available within 30 sec
and fully dispatched after 5 minutes, during 15 minutes.
The reimbursement is both for capacity and energy, the latest relies on the respective dayahead energy price at the moment of activation.
manual Frequency Restoration Reserve (mFRR) – Réglage tertiaire
The activation for tertiary reserve is manual and the request is made via e-mail or phone
call. The selection is based on a merit order principle. The products traded in the tertiary
reserve are asymmetric and have to be available 15 minutes after the notification for a
duration of up to four hours.
Two different auctions are taking place:
-

The first one procures reserve for the whole week (starting on Monday). It starts a
week before and closes at Tuesday 13:00.

-

The second one is taking place two days before delivery date (closure at 14:30) and
is divided into six plots of four hours (starting at midnight).

In both auctions, the minimum bid size is +/- 5 MW. Furthermore, both are divided into a
capacity auction and an energy auction. Energy auction is taking place separately, in a payas-bid system. Even if the supplier has not been accepted in the capacity auction, he may

21

www.sim4blocks.eu

participate to the energy auction. The auction is closed one hour before delivery, which is
the same closure time as for the intraday market.
4.1.5.2 Day-ahead market
The day-ahead market is organized by the European Power Exchange (EPEX) in Paris and
takes place 7 days a week, year-round, including weekends and holidays. Its main function
is to match short-term demand and supply of electricity.
The trading closes daily at 11:00 and products traded are hourly contracts whose delivery
occurs the following day after the trading day within the zone managed by Swissgrid, the
Swiss transmission grid operator.
Block bids are also offered and implemented on an all-or-none basis, meaning that either
the bid is matched on all of the hours or is totally rejected. Hourly bids remain of higher
priority than block bids. For both bids, a minimum bid size is set at 0,1 MW, block bids have
also a maximum size of 400 MW. The prices are set between - 500€/MWh and + 3000€/MWh.
4.1.5.3 Intraday market
As for the day-ahead market, the Swiss intraday market is also organized by the EPEX in
Paris.
The main function of the intraday market is also to match short-term demand and supply of
electricity but in this market, electricity is traded for the current day and the delivery takes
place on the same day as the trading day.
Trading sessions run continuously, 7 days a week and 24 hours daily, starting at 3:00 p.m. of
the previous day. The gate closes 30 min before delivery.
The bid types are 15 minutes bids, 1 hour bids, and block bids (at least two consecutive
hours, max. 24 hours). The minimum lot size is set at 0,1 MW. Price caps are set between 9999,99€/MWh and + 9999,99€/MWh.

4.1.6 United Kingdom
National Grid determines the characteristics of both services and electricity markets.
Changes in some features are expected to be made within the next months of 2018.
4.1.6.1 Balancing markets and ancillary services
Frequency response services
- Firm Frequency Response (FFR) - Primary
The minimum lot size is 1MW and the activation has to be done within 10 sec at least for 20
sec.
- Firm Frequency Response (FFR) - Secondary
The minimum lot size is 1MW. The activation has to be done within 30 sec and at least for
30 minutes.
22

www.sim4blocks.eu

- Firm Frequency Response (FFR) -High
The tendering period for tertiary reserve is over the summer only. The minimum lot size is
1MW. The activation is within 10 seconds and lasts as long as needed.
The remuneration scheme for the FFR is the same for all products types:
-

All providers have to tender in an availability fee (£/hr) and offer an amount of hours
of availability

-

The nomination fee (£/hr) will be paid for each hour called.

There are also optional fees (window initiation fee, tendered window revision fee and
response energy fee).
All FFR products can be provided by a single unit or through aggregated units.
– Enhanced Frequency Response (EFR) - Enhanced
The minimum lot size for EFR is 1MW with a maximum response of 50 MW. The activation
should be done within one second and is automatic. The remuneration is a capacity price
(“availability fee”) for the hours that are made available to National Grid.
The service is open to generators, storage providers and aggregated DR.
The first tender for EFR closed in July 2016 and a total of 201 MW was accepted (accepted
offers were only from storage providers).
Reserve services
Short Term Operating Reserve (STOR)
This tender is managed by National Grid NG. There are three tender rounds per year. Possible
to bid two years in advance. The minimum lot size is 3MW. Ability to provide the contracted
volume within 240 minutes of receiving signal from NG. Ability to sustain power for 2 hours.
The provider should be able to provide this service at least 3 times a week. The remuneration
depends on the demand profile and the generating plant on the system at a specific time.
Fast Reserve
There are monthly tender rounds to procure the service. Minimum capacity requirement is
50MW. NG requires the provider to be able to provide the full capacity in 2 minutes (ramping
rate 25MW/minute). Ability to sustain power for 15 minutes.
4.1.6.2 Day-ahead
In the UK the day-ahead market takes place in two trading systems; the EPEX Spot by UKPX
and the N2EX by Nordpool.
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The EPEX Spot (formerly APX Power UK) provides two types of day-ahead auctions, the dayahead auction where hourly instruments are traded and delivered the next day; and the halfhourly day-ahead where half-hourly contacts are traded. On the EPEX SPOT UK Power dayahead auction contracts are traded for each hour of the delivery day which are typically
announced to the market at 11:42 CET. In addition, spot block orders, which are consecutive
hourly instruments, can also be traded. The gate closes every day at 11:00 CET and the
power contracts are delivered the next day.
Furthermore, the UK half-hourly day-ahead auction provides the opportunity to double-sided
blind trade half-hourly contracts in a local day-ahead auction for the following day. The gate
closes at 15:30 CET the day before delivery and the results are published by 15:45 CET. The
minimum lot size is 0,1 MW and the trading and clearing fees for both auctions are 1.5 p/MWh
and 0.5 p/MWh respectively.
On the UK N2EX auction organized by Nordpool the bids are submitted by 12:00 CET and the
power contracts are delivered the next day from 00:00 CET. Hourly prices are typically
announced to the market at 12:42 CET or later.
4.1.6.3 Intraday
The intraday market takes place on two power exchanging platforms: N2EX (affiliate
company of Nordpool) and APX-UK (which is since 2015 a subsidiary of EPEX Spot). Products
traded are hourly and block contracts plus half-hourly products. The minimum volume
increment is 0,1 MW.
On the APX UK, the gate closure occurs 15 minutes before delivery for half hour products,
16 minutes before delivery for hour blocks, 17 minutes before delivery for 2-hour block and
19 minutes before delivery for 4-hour block.
4.1.6.4 Capacity market
Capacity market offers all capacity providers, new and existing power stations, electricity
storage and DR a steady and predictable revenue stream in return for delivery of energy at
times of system stress. Auctions are pay-as-clear descending clock format. 49,3 GW of
capacity was procured during the first capacity auction which took place in 2014. The
delivery was planned for 2018. Only 2,4 GW was new build. There are two auctions types: 4years ahead (T-4 auction) and 1-year ahead (T-1 auction); the latter is an arrangement to
facilitate participation of DR, Embedded generation and Storage in the capacity market.
Three T-4 auctions have already occurred, securing available generation capacity for
2018/19 to 2020/21.
The UK’s first T-1 auction took place in January 2017 and covered the 2017/18 winter season.
The minimum lot size is 2MW. Capacity payment is £/KW of de-rated capacity, which is
auction's cleared price, and is the intersection of demand and supply curves. The clearing
price also depends on the competitive behaviour of markets participants. The January 2018
T-1 auction cleared at £6/KW and secured 5.8 GW of capacity.
The T-4 Capacity auction concluded on 8th December 2016 resulted in 52.425 GW of capacity
for delivery in 2020/21 with a clearing price of £22.50kW/year (National Grid, 2016). The
latest T-4 Capacity auction of February 2018 cleared at a record price of £8.40kW/year and
secured 50.4 GW of capacity for delivery in 2021/22 (KPMG, 2018).
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4.1.6.5 Demand response market – Short Term Operating Reserve
Short-Term Operating Reserve (STOR) is a reserve service for the provision of additional
generation or demand reduction during specific periods (availability windows). The minimum
requirement is 3MW and the condition is the ability to sustain power for 2 hours. Currently
National Grid procures about 3GW of capacity from various providers per year.
STOR has two daily operational windows (07:00-14:00 & 16:00-22:00); returns are based on
an availability payment and an utilisation payment. The provider should be able to provide
this service at least 3 times a week and to provide the contracted volume within 240 minutes
after receiving the signal from National Grid. Prices plummeted from ~£50k/MW/year in
2010 to ~£20k/MW/year in the recent tender rounds. (Average accepted availability
~£3/MW/h, Average accepted utilization: ~£150/MWh). There are two payments:
availability (£/MW/h) and utilisation (£/MWh).
Aggregators are allowed to participate in STOR.

4.2 European regulatory framework
Since many years, energy efficiency policies and DR have been in the scope of the European
Union to contribute to the decarbonisation targets. More recently, the European Union has
gone further and now supports the development of DR by integrating this flexibility option
in some of its legislative texts, making DR a key element to achieve its environmental
objectives:
The deliverable D1.3 defines the legal, regulatory and data protection requirements to
define a common frame for rolling out the services in Europe. With reference to this
deliverable, we highlight and point out the most relevant directives related to DR here:

4.2.1 Electricity Directive 2009/72/EC
The Directive 2009/72/EC defines the concept of demand-side management as “global or
integrated approach aimed at influencing the amount and timing of electricity consumption
in order to reduce primary energy consumption and peak loads by giving precedence to
investments in energy efficiency measures (…)”. In this Directive, there is no distinction
made between energy efficiency and demand-side management. Both concepts are used in
a similar way.

4.2.2 Energy Efficiency Directive (EED) 2012/27/EU
DR is directly mentioned as a demand side resource that shall be encouraged by the national
energy regulatory authorities (Art. 15.8).
The national energy efficiency action plans (NEEAP) help to assess the implementation of
the EED in the member states.
Note that in November 2016, the Commission proposed an update of the EED that has been
adopted in May 2018.
In its 2016 report dedicated to DR status in EU Member States, the Joint Research Centre
(JRC) Science for Policy Report gives an overview of best practices to implement DR services.
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It classifies the member states into three groups according to the status of regulation
concerning DR:
1. The first one groups all countries that have to seriously implement regulatory reforms
to enable DR (for example Spain).
2. The second one groups countries which enable DR through the retailer only (like the
Netherlands).
3. The third one groups countries which enable both DR and independent aggregation
(UK, France, Belgium).
Furthermore, the JRC elaborates a template to enable DR and Aggregation in Europe, based
on these best practices (JRC, 2016). This template is divided in two parts:
-

market structure elements and aggregation: referring to the access for DR to
electricity markets, matching needs of markets to capabilities of consumers and the
necessity to have a standardised process between BPRs and aggregators.

-

technical modalities, which take into account the capabilities of participants

4.2.3 Clean Energy Package
On 30th November 2016, the EC released its Clean Energy Package aiming at facilitating the
energy transition in Europe. The proposal on Energy Performance in Buildings has already
been adopted by the European Parliament and the Council mid-May 2018.
In the proposal of revision of the Directive on common rules for the internal market in
electricity published in November 2016 (European Commission, 2016a), the European
Commission allocates a new chapter dedicated to “Consumer empowerment and protection”
(Chapter III). This chapter defines upon other the framework for a contract with an
aggregator (Art. 13) that shall enable final customers to conclude a contract with an
aggregator without the consent of the supplier. The termination of the above-mentioned
contract shall also be an easy-going process for the customer.
Furthermore, the revised Directive stipulates that Member States shall ensure the active
participation of final customers (Art. 15).
Art. 17 is entirely dedicated to DR. According to the text, the “member states shall ensure
that national regulatory authorities encourage final customers, including those offering DR
through aggregators, to participate alongside generators in a non-discriminatory manner in
all organised markets.”
The participation of aggregators in the retail market shall also be facilitated and member
states shall set up clear and transparent rules and procedures for all market participants.
Generally, the Commission enhances the role of aggregators as providers of DR services and
secures them the fully right to participate in the electricity markets.
The proposal still needs to be adopted by the European Parliament in a plenary session in
autumn 2018 and to get the final approval from the Council of Ministers of the EU. If so, it
will play an important role in the deployment of DR across Europe since general market
opening is an essential requirement to foster DR services. However, the related regulation
in the European countries remains currently the main barrier for DR.
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4.2.4 EU Guidelines on electricity balancing
The Electricity Balancing Guideline has been adopted on November, 23rd 2017 (EU
2017/2195). It defines rules on the operation of balancing markets and aims at increasing
their efficiency. One of the main purposes of the guideline is to facilitate the participation
of new players in the balancing market, such as DR and RES, while increasing the security of
supply and limiting the CO2 emissions.
The guideline foresees also the participation of aggregation facilities and secures them an
adequate competition with other market participants. Rules and conditions for the
aggregation of demand facilities shall be contained in the terms and conditions for balancing
service providers.
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5 State of the art of market access for demand response
The implementation of DR in Europe is not homogenous and several differences exist
between the member states. The following section provides an analysis of the current
market access for DR in the six Sim4Blocks countries.

5.1 Belgium
5.1.1 Potential of demand response
Potential for load reduction in Belgium has been evaluated as follows (Gils 2014):
Table 3 - Potential for load reduction in Belgium

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditionin
g

Potential (MW)

4

160

320

25

Furthermore, the potential for load increase is:
Table 4- Potential for load increase in Belgium

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

759

1556

456

0

5.1.2 Status of aggregation in Belgium and participation of DR in Belgian electricity
markets
Belgium also imposes unit-based prequalification. DR can participate to the Primary and
Tertiary reserves but is currently not allowed in Secondary reserve in Belgium. R2 is currently
not open to non-CIPU (Contract for Injection of Production Units) although some pilot
projects have been launched to investigate whether demand response can provide aFRR (Elia
2016c).

5.1.3 Current regulatory barriers and outlook
Some barriers remain in Belgium concerning DR access to electricity markets. For instance,
aggregators have to get an agreement from the customer’s supplier or the BRP before they
can conclude a contract with the customer. Furthermore, only a few large industrial
consumers have access to the spot market (SEDC 2017)– it remains a challenge to mitigate
these barriers to market access for customers.
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5.2 France
5.2.1 Potential of demand response
Gils (2014) assessed the potential for load reduction in France as follows:
Table 5- Potential for load reduction in France

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditioning

Potential (MW)

87

922

2095

332

Also the potential for load increase has been evaluated:
Table 6- Potential for load increase in France

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

7424

8842

2988

6711

5.2.2 Status of aggregation in France and participation of DR in French electricity
markets
Demand-Side Management is already a market per se in France and benefits from a strong
political support.
Industrial consumers are fully integrated in the balancing mechanism since 2003. Aggregated
load is also accepted in all balancing and ancillary services.
The capacity market, implemented in 2015, is also open to both generation and demandside participation. DR operators can choose between certification of DR as capacity, and
reduction of consumption as supplier obligation (EPEX SPOT, 2017).
In France, regulatory arrangements for independent aggregators have been implemented.
Aggregators are thus allowed to contract consumers without the agreement of the BRP or
supplier since the relationship between aggregators and suppliers has been regulated in 2013
(SEDC, 2015).

5.2.3 Current regulatory barriers and outlook
In France, there are still some participation requirements which limit the participation of
DR in the electricity markets, as for example a minimum bid of 10 MW for mFRR or the
mandatory symmetrical products in the FCR and aFRR.
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5.3 Germany
5.3.1 Potential of demand response
There are already DR services in Germany, especially coming from industrial actors who
market flexible loads from their production. However, additional unexploited potential
remains.
Studies quoted by the German Environment Agency (UBA 2015) assess a viable potential of
3,5-4 GW for DR in Germany. Looking at industrial DR potential, (Connect Energy Economics,
2014) assumed 20,5 GW at a price level up to 3000 €/MWh whereas the potential could reach
32 GW at prices up to 10000 €/MWh.
A wide range of DR potentials is indicated by DIW: 1,7 – 6,4 GW for industrial processes, and
up to 3,8 GW for the tertiary sector (Stede, 2016).
Gils (2014) assessed the potential for load reduction in Germany as follows:
Table 7- Potential for load reduction in Germany

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditioning

Potential (MW)

32

1330

1962

249

Also the potential for load increase has been evaluated:
Table 8- Potential for load increase in Germany

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

2999

11292

1354

2122

5.3.2 Status of aggregation in Germany and participation of DR in German electricity
markets
Decentralization and RES-E deployment pushed the development of aggregation and virtual
power plants (VPPs) in Germany. VPPs and aggregators may combine different kinds of
decentralized technologies such as (micro-) cogeneration, wind, PV, small-scale hydro,
geothermal, flexible loads, batteries, and emergency backup generators. They may include
multi-energy and storage optimization. Aggregation and VPPs enable the market entry (e.g.
products at control reserve market are too large for decentralized units), optimize the
dispatch at markets (e.g. spot market) and facilitate the marketing of decentralized
installations (e.g. renewables).
The German market – being composed of several hundreds of small municipal companies
(“Stadtwerke”) – facilitated the creation of VPPs. PwC (2012) estimate that 8-12% of about
900 suppliers are operating a virtual power plant. However, only few of them are large
enough to compete in markets such as the control reserve market.
The following drivers can be observed for aggregators and VPPs in Germany amongst others:
-

economies-of-scale and creation of additional revenues,
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-

enhancing regional cooperation and improving customer relationships, e.g.
integrating industrial clients into virtual power plants, and

-

incentives for the direct marketing of RES-E.

The latter is strongly linked to the market premium mechanism which created a powerful
niche for RES-E aggregators in Germany. Until 2012, almost all RES-E was marketed by the
TSOs and the operators received a fixed feed-in-tariff (FIT). In 2012, the German government
introduced the so-called market premium mechanism. The mechanism incentivized a higher
responsibility of operators who had to make their own forecasts, operate more marketoriented, take care for imbalances, etc. Mostly, the operators transferred this responsibility
to aggregators and shared the high management premium (12 €/MWh, which was reduced
later on) with them. The sliding premium mechanism was highly accepted and enabled the
market entry of aggregators into the German market. Moreover, following regulatory
changes in the last years, direct marketing became more and more mandatory for new RESE installations. In March 2017, more than 60 GW of RES-E capacity was marketed by
aggregators (50Hertz et al., 2018b). Most of RES-E is marketed via spot markets; however,
some aggregators prequalified RES-E installations for the participation in balancing markets
(mostly biomass as well as a pilot for wind onshore) (50Hertz et al., 2018b).
In general, aggregation is applied in all balancing markets in Germany. Whereas some market
players focus on selected markets and technologies, others such as Next or Energy2markets
operate on all three balancing markets and across different technologies (50Hertz et al.,
2017a).
DR is as well applied in the balancing energy market, e.g. by large industrial consumers
(Stede 2016). Furthermore, about 1,5 GW of industrial load is operated under the
interruptible load scheme. Both markets are, however, limited to a small number of players
whose industrial processes fit well to the respective market requirements. With regard to
current regulation and incentives, a large part of the DR potential remains either unexploited
or used for the optimisation of network fees of large consumers solely. The latter may have
(in some cases) even negative impacts on the power system (dena 2016, Connect Energy
Economics, 2015).
For August 2018, a cooperation between Fronius and Awattar announced the first real-time
pricing tariff for end-users (pv magazine, 2018). This indirect wholesale market access will
allow households to benefit from price volatility by shifting their demand pattern.

5.3.3 Current regulatory barriers and outlook
Connect Energy Economics (2015) identified barriers in the following fields: balance group
management, balancing markets and the structure of network fees.
In order to manage balancing groups, supply and demand is matched by the use of hedging
transactions. This creates room for flexibility options, e.g. by the provision of DR. However,
for the authors of the study, the financial incentives for an active management of balancing
groups seem too low to create a strong demand for such flexibility options. The introduction
of a capacity reserve – foreseen for 2019/20 – is supposed to increase this incentive. Balance
group responsible parties that are short in their balancing grid will be charged with at least
two-times the price of the maximum permissible bid at the intraday market (currently 10.000
€/MWh) for imbalances, in case the capacity reserve is activated (BMWi, 2016). Apart from
that, a more general revision of the imbalance price mechanism is ongoing.
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As for the balancing market, long tender periods and product durations were identified as
main barriers for the active participation of DR in Germany (Connect Energy Economics 2014,
Connect Energy Economics 2015). The German regulator addressed these barriers in its
balancing market reform (see §4.1.3.1.2 and §4.1.3.1.3) with changes in the tender’s
frequency and shortening of product duration. Furthermore, balance responsible parties
have to open their balancing groups for load management of third parties (but receive a cost
compensation) (Bundesnetzagentur, 2015).
The network fees have an immediate effect on the electricity costs of consumers. The
current structure may prevent consumers from increasing their load during times with low
prices and high RES-E feed-in and/or during times with high prices and low RES-feed-in as
they might have to pay higher network fees as a result of their load adjustment (Connect
Energy Economics, 2015). There are currently some minor revisions on network fees ongoing.
In general, the government aims at an integrated and comprehensive reform of regulated
energy price components (BMWi, 2015). Some far reaching proposals are discussed e.g. by
the think tank Agora Energiewende (Agora Energiewende, 2017).
The first tender for capacity reserve is planned for winter 2019/2020. In the last available
draft, the minimum bid size has been reduced to 5 MW compared to the previous ordinances
of November 2016 and October 2015 that foresaw 10 MW, which should in principle facilitate
the participation of controllable loads. The bid must be offered by a single unit, however
there are specific conditions for controllable loads that could build a consortium of maximum
20 controllable loads (provided that all loads are in the same balancing area).

5.4 Spain
5.4.1 Potential of demand response
Gils (2014) assessed the potential for load reduction in Spain as follows:
Table 9- Potential for load reduction in Spain

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditioning

Potential (MW)

888

304

1268

854

Also the potential for load increase has been evaluated:
Table 10- Potential for load increase in Spain

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

3366

4449

1809

0

Conchado et al. (2016) report that residential DR strongly needs instruments to reinforce the
attractiveness of the DR programmes. Currently, benefits for households are low compared
to the costs of DR systems: 10-20€ per household per year (including reduction of
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environmental externalities valued at their social cost) that have to be compared to the
annual average bill of 400€ per household (Conchado et al., 2016).
The capacity available in the frame of the Interruptible Load programme is about 2000 MW
of demand reduction in peak hours.

5.4.2 Status of aggregation in Spain and participation of DR in Spanish electricity
markets
Aggregation is not legal in Spain and, as described in 4.1.4.5, only the Interruptible Load
programme which is limited to large industrial consumers, allows DR but no aggregated
demand-side resources. Balancing markets or ancillary services are currently closed to DR.
In the wholesale market, a production unit of minimum 50 MW is needed for generators to
participate.

5.4.3 Current barriers and outlook
In Spain, DR is currently strongly limited by the legislation. As described above, aggregation
is not legal and no standards defining the relationship between aggregators and BRP or TSO
are set up.
The only method in Spain that could be currently considered as the beginning of DR is the
existence of tariffs with hourly discrimination. Indeed, currently, the consumers have two
main possibilities:
-

A fixed tariff: same price during a period determined by the supplier

-

An hourly tariff: the consumer pays each hour a different price for his electricity

The implementation of smart meters, which should be achieved in 2018, could lead to
substantial changes for DR programs.

5.5 Switzerland
5.5.1 Potential of demand response
Switzerland, like all traditional electrical and thermal grids in Europe have a power flow (via
the producers, the transmission and the distribution grid) that is top-down, with the call for
power from the users being bottom-up. Satisfying the increasing demand from the users and
industries, while reducing CO2 emissions, requires to invest in diverse methods of control
and management. In parallel, encouraging the installation of stochastic and decentralized
power generation units like wind and solar power remains an objective to reduce grid
investment and maintenance costs. DR enables to improve and provide more flexibilities
towards this purpose.
The decoupling of electricity generation and consumption using DR cannot be done solely by
installing decentralized electrical power sources, electrical storage and advanced control
strategies. Thermal storage and generation devices which are able to convert electricity to
heat might also be taken into account.
Gils (2014) assessed the potential for load reduction in Switzerland as follows:
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Table 11- Potential for load reduction in Switzerland

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditioning

Potential (MW)

3

139

255

20

Also the potential for load increase has been evaluated:
Table 12- Potential for load increase in Switzerland

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

124

1480

364

0

In Switzerland, the tertiary and residential sectors account for around 80% of the load
reduction potentials and around 95% for average potential load increase.
There are currently around 130,000 heat pumps installed in Switzerland, which represents
around 1.7% of the country's total electricity consumption according to SFOE (Swiss Federal
Office of Energy) (BFE, 2015). The report also expects that 400,000 heat pumps will be
installed in 2020, representing 4% of total electricity consumption. The combination of heat
pumps, circulation pumps and storage devices should therefore be able to shift a substantial
amount of electricity in the residential and tertiary sectors (in addition to electrical storage
and distributed resources like solar PV and cogeneration).
The support for installing both electrical and thermal distributed resources is also strong in
Switzerland. However, to maximize technology utilization, demand satisfaction and energy
market trading, a uniform regulatory framework for a consumers’ market (residential,
commercial and industrial) is needed.
A detailed study on the impact of DR using low energy networks, CHP devices, electrical
storages, solar PV and thermal, heat pumps and thermal storage devices for all the countries
is being performed and will be included as part of the D1.4 report of the Sim4Blocks project.
This will clearly describe the shiftable potential, both theoretical and realistic, for the pilot
site at Naters and the entire country of Switzerland.

5.5.2 Status of aggregation in Switzerland and participation of DR in German
electricity markets
The Swiss power industry comprises of about 900 public and private sector firms that are
engaged in generation, transmission and distribution of electrical power (Filippini, 2011).
Most of these firms are owned by local municipalities and have a monopoly in the operation
of the local distribution system. They use different pricing schemes, most of them using
simple Time-of-Use (ToU) pricing schemes. The utilities are regulated by the federal body
ElCom (Federal Electricity Commission), supervising the network utilization tariffs and
electricity tariffs for the consumers.
Generally, the pricing for end-users is divided into two periods for the ToU pricing: a peak
pricing period and an off-pricing period. With the reform in the electricity sector, through
the Federal Electricity supply act in 2007, spot markets for electricity have been established.
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In the first stage of implementation (2009 to 2013), end-users with an annual consumption
of more than 100,000 kWh have access to the market (53% of the current electricity
demand). From 2014, the Electricity Supply Act initially required the electricity market to
be fully liberalized. On 4 May 2016, because of the controversies during the consultation
process, the Federal Council decided to postpone the second phase of the energy market
liberalization. Although the Federal Council is convinced that a full market liberalization
should be sought, it argues that it would be advisable to await the results of the current
proceedings regarding the Energy Strategy 2050 and to continue to monitor the market
environment (ALPIQ, 2017).
As of now, ElCom estimates that 79% of the energy of large scale consumers will be procured
from the energy market. As this would require two-way communication of the consumption
data and prices from the utility to the consumer and vice versa, utilities have been slowly
installing smart electricity and flow meters which measure and communicate all data to the
DSOs and the TSOs.
Switzerland’s Federal Council and the TSO (Swissgrid) have allowed BRPs (Balance
Responsible Parties) to aggregate loads regardless of the geographical position (in
Switzerland Balance Service Providers are responsible for providing services, they can be
third party, but usually are synonymous with BRPs). The roles and responsibilities of the
three actors are clearly defined, limiting the costs and risks for all parties. There are already
ventures up and running, like Swisscom with the Tiko project which aggregates and links up
thermal systems like heat pumps to the network.
SFOE has also been encouraging the construction of district-heating networks. As of 2013,
4% of Swiss citizens were connected to a district heating network, of which 84% of the district
heat was supplied from direct renewable energy and recycled heat. Although this remains a
small market share, district heat sales have been rising, growing from 16,060 TJ in 2009 to
17,890 TJ in 2013 (+10%). More than half of district heating is supplied through combined
heat and power (CHP), which also contributes 2.8% to national electricity production. These
CHP units may also be utilised to provide flexibility and decouple the supply and demand
through DR and other services.
In Switzerland, recent regulatory arrangements for independent aggregators have been
implemented. Aggregators are thus allowed to contract consumers without the agreement
of the BRP or supplier.
DR through aggregation is available to most of Swiss ancillary services. Main regulatory
constraints have been removed enabling the participation of aggregators into these markets.
The secondary reserve market will provide incentives to the aggregator (for requested
increase or decrease), but these incentives are very volatile at unpredictable times and
intervals. To apply penalties for unfulfilled promises, Swissgrid must test providers
randomly.
Since the ancillary market has been opened, there have been changes in the minimum size
of tenders and the duration for tenders (moving them closer to delivery periods), facilitating
thus the participation of smaller bidders. Prices for balance energy from balance groups
were also increased which resulted in more accurate consumption and generation forecasts.
Tools and expertise have been rolled out which accounts for hourly variations and power
provisioning is done for each load and generation situation. In addition, cross-border
tendering with Germany is possible for primary control.
Participation in aFRR and mFRR, due to the duration of the auction periods that are weeklybased, results in restrictions on the rest of DR services.
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Alternative DR services could play a role in wholesale market regrouping the day-ahead
auction (discrete) and intra-day trade (continuous), but currently there is no DR participation
in those markets. Rules for contracts between BRP and aggregators are not in place for
wholesale market.

5.5.3 Current regulatory barriers and outlook
Although the Swiss Federal Council, ElCom and Swissgrid aim to complete the liberalization
of the market, the ongoing discussions and consultations with the Energy Strategy 2050 and
the controversial responses to this process led to an adjournment of the second phase
deployment (which was to be on January 1, 2018). This is a major barrier as this has limited
the availability and application of DR to all end-users.
The postponement has also implied further delays into the rolling out and installation of
modern metering, communication and control devices that could potentially speed up the
process of application/availability of DR and ancillary services to all the end-users.
A minor barrier has been the further development of buildings and technologies. For
example, there has been a relatively low penetration of heat pumps and cogeneration
devices, especially ones that provide better flexibility. Application of laws and regulations
that allow for improvement and renovations in existing building insulation is different in the
regions due to the nature of governance in Switzerland. As cantonal laws apply for the
construction, renovation and improvement of buildings and technologies, certain cantons
have done more and thus are more attractive to DR implementation.
In order to maximize the DR potential available in Switzerland, several conditions are thus
necessary. The complete liberalization of the market is one of these pre-requirements,
followed by the creation of a clear set of laws and regulations which ensure that all endusers have access to the energy markets with real-time prices or more detailed time-of-use
pricing schemes. An update of the regulation affecting building’s refurbishment and
technologies’ implementation would be also a key element for the residential and
commercial sectors in all cantons. This is expected to start once the consultation process
for the Energy Strategy 2050 is concluded.

5.6 United Kingdom
5.6.1 Potential of demand response
The United Kingdom was the first European country to open several of its markets to
consumer participation. Today, all balancing service markets are open to DR and aggregated
load is accepted (SEDC, 2015). However, the process between providers, customers, OFGEM
and BEIS is not as effective as expected in a mature market, which questions the viability of
DR in the UK. The latest “call for evidence” published jointly by OFGEM and BEIS on “Smart,
flexible energy systems” (OFGEM and BEIS, 2016) aims at delivering a set of initiatives
targeted at enabling further system flexibility through DR.
Gils (2014) assessed the potential for load reduction in the UK as following:
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Table 13- Potential for load reduction in UK

Type of
consumer

Residential Air
Conditioning

Heat
circulation
pump

Commercial
ventilation

Commercial
Air
Conditioning

Potential (MW)

2

1016

1400

55

Also the potential for load increase has been evaluated:
Table 14- Potential for load increase in UK

Type of
consumer

Residential storage
water

Residential
storage
heater

Commercial
storage
water

Commercial
storage
heating

Potential (MW)

4003

15463

1997

0

5.6.2 Status of aggregation in the UK and participation of DR in the UK electricity
markets
DR may access to all balancing market programmes in the UK and aggregation is legal and
particularly relevant for programmes which require high minimum bid sizes. Note that UK
also set up a dedicated programme for DR (Demand-Side Balancing Reserve – DSBR),
introduced in 2014 which targets commercial and industrial energy consumers who volunteer
to reduce demand between 4 and 8 pm on winter weekdays. DSBR can be provided directly
to National Grid or via aggregators.
When available, table 15 gives the total capacity of DR for balancing and ancillary services
(SEDC, 2017) :
Table 15- Total capacities of DR for balancing and ancillary services in UK

ENTSO-E’s
terminology

National
terminology

FCR

Firm
Frequency
Response
(FFR)

FRR

RR

Grid’s Total
Contracted
Dynamic

Not available

NonDynamic

Not available

Fast
Dynamic
Reserve
NonFirm Service Dynamic
(FRFS)

Not available

Short-Term
Operating
Reserve
(STOR)

Committed

Not available

Flexible

Not available

Capacity

Not available

RR

Demand-Side
Reserve (DSBR)

Balancing 0 MW

RR

STOR Runway

78 MW

RR

Demand Turn Up

300 MW
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FCR

Frequency
Demand
(FCDM)

Control
by Not public
Management

Capacity
mechanism

Capacity mechanism

1411 MW

Transitional arrangements

328 MW

Note that no DR capacity has been contracted in the Demand-Side Balancing Reserve.
Participation of DR in wholesale market only occurs in day-ahead and intraday markets
through flexibility of suppliers and large industrial customers which are participating as
trading members. Capacity market is also open to aggregated DR but in practice, generation
might be favorited.

5.6.3 Current regulatory barriers and outlook
OFGEM and BEIS (2016) conducted a survey on the barriers affecting large non-domestic DR
as a part of the call for evidence document for a smart, flexible energy system issued. The
results show a high level of interest in DR, but barriers remain as summarised in the table
below.
Table 16- Barriers for DR penetration in UK (according to OFGEM and BEIS (2016). A smart, flexible energy
system. A call for evidence)

CATEGORY

BARRIER

Cultural

Difficulties
in
gathering
information
on
the
flexibility
products/programmes available and how to participate in them; or
awareness that the opportunities exist at all.
Difficulty in understanding the monetary value of flexibility given the
plethora of options available.
A perception that business processes are not suitable for DR, may
preclude consideration of schemes.

Regulatory (role
of parties)

The process for getting an export connection to the distribution
network for on-site back-up generation can be relatively protracted
and expensive.
The relationship between DR opportunities for different uses (e.g.
DNO rather than System Operator-procured) may be unclear to
consumers.

Commercial
(incentives)

Technical and commercial requirements of flexibility products may
not fit with the characteristics of the consumers.
Providing flexibility is not the core business for consumers so the
monetary value may not justify the effort required to sign a contract
and provide the service.
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DR may conflict with
schemes/commitments.
Structural (costs)

existing

corporate

environmental

Concerns about the disruption and the impact on business
performance may preclude consideration of DR.
Even if considered, the on-going perceived risk and perceived
associated costs of providing flexibility may be too high compared
with perceived benefits.

Regarding domestic and smaller non-domestic consumers, the sector offers significant
potential for flexibility over the longer term, particularly with the electrification of
transport and heating.
However, there are currently low levels of flexibility offered to the system by domestic and
smaller non-domestic consumers because many of the technologies and solutions that would
enable them to participate are not yet in place (i.e. smart meters and time-of-use tariffs).
Strong enablers still to be deployed at a large scale are for instance, smart meters, smart
appliances, and smart grids.
Once these enablers will be in place, DR actors (aggregators, energy suppliers) will have to
build a customer-centric proposition to convince the domestic consumers to offer their
flexibility to the system. Government’s recent research found that 50% of respondents would
take up a smart tariff if their supplier offered one to them now. For those who were not
interested, scepticism and uncertainty over the impact of a smart tariff on energy costs was
the most common reason for a lack of interest, hence the need of customer-centric and
user-friendly DR offers to engage them and dissipate any worries (OFGEM and BEIS, 2016).
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6 Economic potential of demand response from a consumer
perspective
In 3.2, we described the potential that DR might have to answer the need of flexibility from
a system perspective. We therefore targeted the technical potential of DR on a system level.
Now, we address the issue of the economic potential from a consumer’s perspective.

Price [€/MWh]

Price [€/MWh]

From a consumer’s perspective Albadi and El-Saadany (2007) define DR as “the changes in
electric usage by end-use customers from their normal consumption patterns in response to
changes in the price of electricity over time.” In other words, consumer’s motivation is to
reduce payments by decreasing demand at times of high wholesale prices and request
electricity at times of low or negative wholesale prices (Figure 6). This consumer’s
motivation is coherent to the system perspective’s flexibility need of flattening residual
loads as illustrated in chapter 3.2. Since residual load correlates positively to wholesale
prices (Figure 7), price based load shifting from high to lower wholesale prices leads to
flatter residual loads.
Demand
Supply

Load decrease Load [MW]

Demand
Supply

Load [MW]

Load increase

Figure 6- Price based load shifting
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Figure 7- Observed regression of residual loads and day-ahead prices in Germany in 2017. Data from OPSD
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This consumer’s motivation translated into a target function maximizes the contribution
margin (in €/MW) per year under consideration of technical constraints and operation regime
(Schreiber and Müller, 2017):
𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑚𝑎𝑟𝑔𝑖𝑛𝑚𝑎𝑥 = ∑ 𝑟𝑒𝑣𝑒𝑛𝑢𝑒𝑠 − ∑ 𝑓𝑙𝑒𝑥𝑏𝑖𝑙𝑖𝑡𝑦 𝑎𝑐𝑖𝑡𝑣𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠
𝑚𝑎𝑥

[4]

𝑚𝑖𝑛

Schreiber and Müller (2017) consider the value of DR from a profit point of view, where
revenues from the electricity market are maximized, while costs for flexibility activation
are minimized. This leads to a maximized annual contribution margin in relation to the
installed capacity. In contrast, Finn and Fitzpatrick (2014) treat the economic potential of
DR, participating in the electricity market, from a consumer cost point of view. Here,
average costs of demand are reduced by using less electricity during high price times and
more electricity during low or negative price time. This approach is similar to the market
value approach by Hirth (2013) where the value is expressed relatively to the volume instead
of to the capacity as in Schreiber and Müller (2017). Instead of observing the revenues of
VRE generation as in Hirth (2013), here the average costs of demand minimized due to DR
are considered (Schwabeneder et al., 2017). According to Finn and Fitzpatrick (2014,
Leimgruber et al. (2016) and Schwabeneder et al. (2017) we define the total demand costs
of a consumer as sum of the load-weighted electricity prices of all time steps 𝑇 at all leadtimes 𝐿 where 𝑙𝑜𝑎𝑑𝑡,𝑙 is the absolute consumption in time 𝑡 bought at lead-time 𝑙 and 𝑝𝑡,𝑙 is
the respective price. Total costs of demand are minimized through the optimal dispatch of
flexibility options activating demand increase 𝑖𝑛𝑐𝑡,𝑙 and demand reduction 𝑟𝑒𝑑𝑡,𝑙 under
consideration of technical constraints:
𝑇

𝐿

𝑚𝑖𝑛 ∑ ∑ 𝑝𝑡,𝑙 ∗ (𝑙𝑜𝑎𝑑𝑡,𝑙 + 𝑖𝑛𝑐𝑡,𝑙 + 𝑟𝑒𝑑𝑡,𝑙 )

[5]

𝑡=1 𝑙=1

The average cost of demand, also known as the average unit price (Finn and Fitzpatrick,
2014), is calculated as follows:
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 =

∑𝑇𝑡=1 ∑𝐿𝑙=1 𝑝𝑡,𝑙 ∗ (𝑙𝑜𝑎𝑑𝑡,𝑙 + 𝑖𝑛𝑐𝑡,𝑙 + 𝑟𝑒𝑑𝑡,𝑙 )
∑𝑇𝑡=1 ∑𝐿𝑙=1 𝑙𝑜𝑎𝑑𝑡,𝑙

[6]

Referring to formula 5 reductions in total costs are driven by the price pattern of the power
markets as well as the customer specific demand pattern including their technical
constraints on demand increase and reduction.
We analyse the economic DR potential by focusing on power market price pattern regardless
of customer specific demand pattern. This allows making general statements on the
economic potential of each power market. Using a fundamental electricity market model
Schwabeneder et al. (2017) showed a positive correlation between average daily pricespreads of any power market with demand cost reductions on a yearly basis:
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Figure 8- Relation between relative cost reductions and the average daily price spreads (Schwabeneder et al.,
2017)

Simply speaking, when DR is used, increasing power price volatility on a power market leads
to decreasing demand costs. Growing price spreads on the wholesale markets increase the
economic potential of shifting demand from high price hours to hours with low or negative
prices regardless of specific demand pattern. Hence, daily price-spread is set as an indicator
of the economic DR potential on wholesale markets. At first, the daily price spreads for dayahead and intraday markets are analysed. Followed by a discussion on the DR potential on
balancing markets.

6.1 Market data
Neglecting still existing organizational and regulatory barriers described in chapter 5, we
assume that end-use customers can participate directly or at least indirectly via an
intermediate DR provider (aggregator) in wholesale markets based on real-time pricing. Dayahead price data for Belgium, UK, Spain and Switzerland comes from ENTSO-E transparency
platform starting from 2015 (ENTSO-E, 2018). Prices for the French and German day-ahead
and intraday market are derived from the EIFER energy database (EIFER, 2018), which relies
among others on the EPEX data. They are available for a longer period up to 2006 for some
time series. The intraday prices reflect the weighted average prices of the continuous
intraday market. The average daily price spread is calculated as the yearly average over the
floating maximal price differences within 24 hours:
𝑇

1
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑝𝑟𝑖𝑐𝑒 𝑠𝑝𝑟𝑒𝑎𝑑 = ∗ ∑ max(𝑝𝑡−23 , … , 𝑝𝑡 ) − min(𝑝𝑡−23 , … , 𝑝𝑡 )
𝑇

[7]

𝑡=1
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6.2 Day-ahead markets
When comparing between European countries and over time, the development of the
average daily price spread turns out to be hetereogeonous (Figure 9). Comparing the dayahead markets identifies UK, which overall has the highest day-ahead prices, as the country
with the highest average daily price spreads (ENTSO-E, 2018). This leads to high assumptions
on economic DR potential in UK. Instead, Spanish and Swiss day-ahead markets indicate the
lowest price spreads.
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Figure 9-Average daily price spreads on European day-ahead markets. Calculation based on ENTSO-E (2018).

Because of data availability, a more detailed analysis is conducted only on France and
Germany. The long-term development of French and German day-ahead markets indicate
declining average daily price spreads (Figure 10). After 2006 this decline in Germany follows
the decrease of the absolute price level. The average day-ahead price fell by 33 % between
2006 and 2017.
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Figure 10-Average daily price spreads on French and German wholesale markets. Calculation based on EIFER
(2018). Continuous intraday prices indicate the weighted average price
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Another identified driver besides the absolute price level is the relative diurnal price spread
(Figure 11). The lines show the ratio of hourly day-ahead prices throughout the day in
relation to the yearly average price. The areas display the diurnal distribution of absolute
solar generation in GW. In 2007, price peaks occurred around noon and in the evening, the
hours with highest power demand throughout the day. Increasing PV capacities over the
years decreased residual loads at noon leading to dampening relative prices at noon and
increasing relative prices at night. In summary, PV deployment reduced the relative diurnal
price spread also affecting absolute daily price spreads.
In Germany or countries with already high PV shares, further solar capacity expansion will
continuously drop residual loads at noon leading to very low or even negative residual loads.
At this point, these residual load levels will affect prices to be low or even negative. Then,
economic DR potential could rise again due to a more volatile residual load structure
throughout the day.
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Figure 11- Diurnal price structure on the Germany day-ahead market (own illustration according to Hirth,
2015). Calculation based on data from OPSD (2018) and AGEE (2018).

6.3 Intraday markets
In the intraday markets, participants can adjust their dispatch and demand to continuously
updating VRE forecasts compared to their earlier decisions made in the day-ahead market.
In intraday markets technical dispatch limitations become more crucial, since not all
participants are able to adjust to updated forecast close to delivery (Selasinsky, 2016). This
inflexibility leads to higher price spreads as shown in Figure 10. Comparing intraday and dayahead markets indicates significantly higher daily average price spreads on the French
market. In Germany price spreads are just slightly higher on the hourly intraday market
compared to the day-ahead market. However, the German continuous quarter-hourly
intraday market shows significantly stronger spreads.
In general, compared to the day-ahead market, the intraday market has proven to be more
volatile, and in expectation therefore also more lucrative. Moreover, countries with high
average daily price spreads such as UK indicates higher economic DR potential. As VRE
deployment expands in the future, increasingly volatile residual load leading to higher price
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volatility (Nicolosi and Fürsch 2009) is expected, driving the economic potential of DR
(Feuerriegel and Neumann, 2014).

6.4 Balancing markets
As described in chapter 4 the balancing market aims at levelling out short-term imbalances
between demand and generation. Imperfect schedule forecasts on the day-ahead and
intraday market cause imbalances. The reserves, which cover these imbalances, divide into
primary, secondary and tertiary reserves in ascending order of activation time. Balancing
power is separated in negative and positive power. DR can offer negative balancing power
by increasing load and provide positive balancing power by shedding load. Providing reserve
capacity in both, negative or positive direction, in predefined activation time and over a
predefined product duration would require a very large aggregation of residential DR
capacities. Kreuder et al. (2013) argues that prequalification conditions of primary reserves
are practically unachievable for DR. Nonetheless, primary reserve has been integrated into
markets as DR by some aggregators, specially e.g. Restore in Belgium.
Besides payments for energy delivered, as wholesale markets also do, balancing markets
offer capacity payments. Calculation of revenues from the balancing market is more complex
compared to the wholesale market. Revenues from capacity payments rely on the probability
of tender awarding. Revenues from balancing energy rely on their probability of request.
Recently, studies analysing DR on balancing markets focus on controllable industrial
processes. However, there is still research required on the economic potential of households
on the balancing market (Feuerriegel and Neumann, 2014).
In the balancing energy market, there is a research need for the revenue potential and the
DR market participation strategy. The possibility of combined marketing in different markets
should also be examined in order to achieve higher revenues.
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7 Outlook
DR is a relevant flexibility option to address the challenges that the power system is facing
and to contribute to the integration of VRE. Although the promotion of DR in Europe is still
very heterogeneous and faces regulatory barriers, there is a clear trend to move towards a
further development of DR services. This could be strengthened by the adoption of the Clean
Energy Package which defines a new regulatory framework for DR in Europe. If adopted by
the European Parliament and Council, the transposition into national laws shall be
definitively monitored.
Besides the evolution of the regulatory framework, there are other parameters influencing
the development – and the relevance – of DR. Increasing share of volatile PV and wind power
generation strongly shifts residual loads leading to an increasing need for flexibility options.
The developing residual load volatility itself will drive the volatility of electricity prices
pushing the DR revenues potentially.
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8 Acronyms and terms
AC

Air Conditioning

aFRR

automatic Frequency Restoration Reserve

BEIS

Departement for Business, Energy and Industrial Strategy

BESS

Battery Energy Storage System

BMWi

Bundesministerium für Wirtschaft und Energie

BnetzA

Bundesnetzagentur

BRP

Balance Responsible Party

BSP

Balance Service Provider

CAES

Compressed Air Energy Storage

CHP

Combined Heat and Power

CIPU

Contract for Injection of Production Units

Dena

Deutsche Energie Agentur

DNO

Distribution Network Operator

DR

Demand Response

DSM

Demand Side Management

DSBR

Demand Side Balancing Reserve

EC

European Commission

EED

Energy Efficiency Directive

ElCom

Swiss Federal Electricity Commission

EPEX

European Power Exchange

FAT

Full Activation Time

FCR

Frequency Containment Reserve

FIT

Feed-In-Tariff

FLH

Full Load Hour

GW

Gigawatt

IEEE

Institute of Electrical and Electronics Engineers

JRC

Joint Research Centre

mFRR

manual Frequency Restoration Reserve

MW

Megawatt

MWh

Megawatt-hour

NEEAP

National Energy Efficiency Action Plan

NEMO

Nominated Electricity Market Operator
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NRA

National Regulation Authority

OFGEM

Office of Gas and Electricity Markets

OMIE

Operador do Mercado Ibérico de Energia

REE

Red Eléctrica de España

RES

Renewable Energy Sources

RES-E

Renewable Energy Sources for Electricity

RLDC

Residual Load Duration Curve

RTE

Réseau de Transport d’Electricité

SFOE

Swiss Federal Office of Energy

SOC

State Of Charge

STOR

Short-Term Operating Reserve

TJ

Terajoule

ToU

Time of Use

TSO

Transmission System Operator

UK

United Kingdom

VPP

Virtual Power Plant

VRE

Variable Renewable Energy

WP

Work Package
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