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EXECUTIVE SUMMARY 

The AmBIENCe project aims to develop an Active building Energy Performance Contracting (AEPC) model, 

enhancing the classical Energy Performance Contracting (EPC) model by valorising Demand Response (DR) 

or flexibility potential in buildings. This is typically facilitated by a higher degree of electrification of heat 

demand in combination with dynamic tariffs. 

The purpose of this report (Deliverable D1.2) is to analyse the actors, roles and business models related to 

extended EPC business models and the use of flexibility at the demand-side form buildings. To do so, we 

start from existing flexibility DR business models (chapter 4), and we examine how they could be (and if 

they are already) integrated with existing EPC business models (chapter 5 and 6). Methodology wise, we 

performed a literature study on the individual topics of EPC concepts and DR services, followed by 

stakeholder interviews to better understand how both of them are already integrated. 

More specifically, in the chapter 3, we look at Flexibility/DR Services in buildings. In particular we formulate 

an answer to the question: Why are building flexibility services needed? The main reasons for the building 

owner are increasing self-consumption and for the network operators it is grid congestion management, 

grid balancing and infrastructure investment optimization. We look at different types of available flexibility, 

corresponding to different electrical installations in HVAC. Also, the use of that flexibility was analysed and 

we identify various common ways to modify the load profile. Specific political, technical or behavioural 

barriers for DR in buildings remain in place. Chapter 3 shows that buildings have flexibility available and 

that they could perform DR under the right conditions. 

In chapter 4 we identify various Flexibility/DR Business Models, to see if and how we could use some of 

them in the new AEPC concept. To do so we analyse the types of actors that typically intervene when 

delivering both DR and Energy Efficiency (EE) services. For the specific business models, we distinguish 

between implicit and explicit demand response. For implicit demand response, the key business model is 

contract optimization, which implies that an active building will adapt its behaviour based on for instance 

different price and tariff incentives. As such, we analyse different retail and tariff components, compare 

(dis)advantages and zoom in on certain countries to see how price and tariff practices tend to differ from 

one member state to the other. For explicit DR, it seems that business models are driven by the 

requirements of Flexibility Requesters (typically TSOs, DSOs and Balancing Responsibility Parties or BRPs). 

We identified five main explicit DR services, each with several products and looked at what the product 

requirements are, as well as what market access conditions are. We examined the key role of the 

aggregator as an intermediary party between the prosumer and the TSO/DSO/BRP in explicit DR and in 

general the role of different actors in the explicit DR business model. To illustrate these models, we 

identified several examples of applications in buildings and selected 8 cases that are somewhat 

representative of the various business models that we researched. Chapter 4 proves that currently there 

are already numerous business models available for DR, and these business models are expected to 

continue growing with the rise of digital meters and more dynamic pricing components. 
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As the AEPC model is an enhancement of the existing EPC model, we study the existing EPC business model 

and its various types or variations in Chapter 5. We start with a short history of EPC to indicate how and 

why EPC has been developed and used for achieving energy savings for over 30 years. We looked at the 

two most common savings models: guaranteed savings and shared savings and how they differ before 

analysing the different most common types of EPC, that differ either by scope of services, ambition level or 

performance approach. We performed a comparison of the common use of these different types of EPC for 

several EU countries and completed that with input from partners on which types are used in their specific 

countries. Finally, we studied the usage and analysis of different EPC types in combination with DR and re-

evaluate the actors, roles and market models in relation to the EPC and AEPC model. Chapter 5 shows that 

numerous EPC models are well-used in different countries, yet that only a minority of them integrates 

flexibility and DR-services. Nevertheless, the different types of EPC can be the basis for AEPC models. 

To complement this extensive literature study, in chapter 6, we conducted stakeholder interviews from flex 

providers and flex requesters, to enrich the first part with findings from practice. This allows us to 

understand how Energy Service Companies (ESCOs) in particular make use of active control and which 

potential their current practices offer in terms of adding flexibility. It also allows us to understand the type 

of requirements that DSOs/TSOs would have on flexibility provided by buildings. The interviews confirmed 

the results from chapter 5 by indicating that AEPC is currently not yet widely used, but also that Flex 

Requesters are keen on exploiting DR in Buildings, in particular if it comes with a high degree of reliability. 

In conclusion, the report proves that demand response and EPC are often offered separately from one 

another and are not integrated yet. However, it provides significant evidence that an AEPC model makes 

sense to the extent that it can exploit energy efficiency measures, in particular including electrification of 

heat production in combination with building insulation, while adding active control to valorise flexibility in 

buildings. It also shows how Flex Requesters are interested in using that flexibility in buildings. This offers 

new business opportunities to ESCOs, that we will continue to explore in the other activities of the 

AmBIENCe project. 
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1. INTRODUCTION AND BACKGROUND DELIVERABLE 
 

1.1 CONTEXT, ACTIVE BUILDING EPC (AEPC) CONCEPT AND GOALS OF 

AMBIENCE 
Buildings are responsible for approximately 40% of energy consumption and 36% of CO2 emissions in the 

9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ό9¦ύΦ 9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ǘƻ ƛƳǇǊƻǾŜ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎy consumption, 

indoor environmental quality and environmental performance by taking advantage of the available 

technologies, without compromising the comfort and well-being of users. Besides lowering energy use, 

using energy in a smarter manner (e.g. using local and/or renewable energy sources (RES) and flexibility 

and storage) is a complementary approach to reduce buildings emissions. Developing new smart energy 

services that utilise flexibility from demand-side resources in different sectors is essential to fully unlock 

the potential of buildings towards energy and cost savings, and CO2 emissions reduction, while ultimately 

meeting climate goals. The use of information and communication technologies (ICT) solutions and tools, 

relying also on big data provided by smart meters and sensors, can trigger significant savings with reduced 

investment, coupled to renovating the existing building stock. 

Energy Performance Contracting (EPC) schemes are an effective means to provide energy efficiency services 

that can bring added value to the whole value chain and contribute to the empowerment of energy end 

users through innovative products and services offered by dedicated providers such as Energy Service 

Companies (ESCOs), aggregators or energy cooperatives/communities. 

After several years of slow growth in the EU ESCO market due to legal, financial and administrative barriers 

facing EPCs, there are several European efforts to support the EPC process, including the 2017 Eurostat 

Guidance Note and the subsequent 2018 EPC Guide to the Statistical Treatment of EPCs. However, there 

are still several challenges facing the ESCO market. Typically, investments that result in a meaningful 

emission reduction are high and show poor economic and financial KPIs (e.g. pay-back time of well over 40 

year and more). Therefore, EPCs are mostly applied for public buildings, and are hardly seen with 

commercial or residential buildings. On the other handΣ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ Ƙŀǎ ŀ ƴŜƎŀǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǳǎŜǊǎΩ 

perception of comfort, especially regarding the Heating, Ventilation and Air Conditioning (HVAC) system of 

the building, and estimating the financial benefits is hard for non-experts. These barriers can be addressed 

by using innovation in several technological fields that enables improvements not only in terms of 

guaranteed energy cost saving, but also in terms of non-energy services such as security and comfort. 

The combination of Demand Response (DR) with current EPC schemes establishes the Active Building EPC 

concept, which uses intelligent and real-time information to offer new combined services, established 

comfort and safety performance criteria and new levels of flexibility activation and use. These principles 

are at the core of the EU-funded project AmBIENCe (Active managed Buildings with Energy PerformaNce 

Contracting). The project aims to extend the concept of Energy Performance Contracting to Active 

Buildings, which are buildings equipped with active control options that can actively participate in demand 
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response and energy efficiency programmes, and make it available and attractive to a wider range of 

buildings. The proposed Active Building EPC concept and business model extends the traditional EPC in 

three dimensions: 

1) Extending energy performance guarantees related to energy efficiency with guarantees related 

to the valorisation of flexibility through DR services; 

2) Tailor EPCs to a broad scope of building types (residential, hospitals, education offices, 

commerce, etc.); 

3) Extending the scope to groups/clusters of buildings under the concept of (local) energy 

communities. 

AmBIENCe aims to provide new concepts and business models for performance guarantees of Active 

Buildings, combining savings from energy efficiency measures and the active control of assets, enabling the 

use of flexibility. The willingness to invest in additional sensors, ICT and the Internet of Things (IoT) will 

allow offering adjacent non-energy services. In detail, the new AmBIENCe contract model has the following 

features: 

¶ Includes flexibility services through DR, distributed energy resources (DER) including RES storage, 

and electric vehicles (EVs); 

¶ Integrates energy and non-energy services (security, access control, comfort, indoor environmental 

quality, and health, remote control and monitoring, automatic diagnosis and maintenance 

prediction, building condition, trouble shooting, environmental compliance, and information 

management); 

¶ Is applicable to all types of buildings; 

¶ Is founded on transparency and real-time information provision to empower end users; 

¶ Relies on standards of Measurement and Verification (M&V); 

Takes into account energy exchange with other buildings under the concept of (local) energy 

communities. 

 

 

1.2 PURPOSE AND SCOPE OF THE DOCUMENT 
Deliverable D1.2 falls within the scope of Work Package1: ά!ǎǎŜǎǎƳŜƴǘ ƻŦ όŜƴƘŀƴŎŜŘύ 9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ 

/ƻƴǘǊŀŎǘǎ ŀƴŘ .ǳƛƭŘƛƴƎ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ ǎŜǊǾƛŎŜǎ ƛƴ 9ǳǊƻǇŜΣέ ǿƛǘƘ ǘƘŜ main goal to provide an overview 

of the ŎǳǊǊŜƴǘ ǎƛǘǳŀǘƛƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ŀŎǘƻǊǎΣ ǊƻƭŜǎ ŀƴŘ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΣ ǊŜƭŀǘŜŘ ǘƻ ŜƴƘŀƴŎŜŘ ά!ŎǘƛǾŜ ōǳƛƭŘƛƴƎέ 

EPC and Demand Response Services provided by Buildings. 
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The purpose was to collect information on and analyse practices, actors, roles and business models related 

to: 

¶ best practices and standards related to extended EPC business models; 

¶ the use of flexibility at the demand-side from buildings ς and cluster of buildings like Local Energy 

Communities ς as an energy resource in support of the energy transition and to foster energy 

efficiency; 

The work was divided into two main activities: 

¶ Part A (Chapters 3, 4 and 5): a desktop study of relevant resources on demand response services 

provided by buildings, and EPC contracts including DR value streams. 

¶ Part B (Chapter 6): a stakeholder survey, aimed at Flexibility providers (typically Energy Service 

Companies or ESCOs) and Flexibility requesters (typically Distribution System Operators (DSOs) and 

Transmission System Operators (TSOs)). 

Table 1 summarizes the overall approach: 

Table 1 ς Overall approach to D1.2 

Objectives Overview of Actors, Roles & Business Models 

Domain 9ƴƘŀƴŎŜŘ ά!ŎǘƛǾŜ ōǳƛƭŘƛƴƎ 9t/έ ŀƴŘ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ 

Methodology 
Part A Part B 

Desktop study Stakeholder Survey 

Deliverable D1.2 
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2. RESEARCH QUESTIONS AND APPROACH 
The objective of the desktop study (Part A) is to study: 

¶ the type of actors that would be involved in Active building EPC and the roles they have in the value 

chain; 

¶ the business models that are being used for flexibility in buildings and how they can be combined 

with EPC to be the basis of an Active building EPC (AEPC) model; 

¶ how DR services can improve the business case of EPC and under which conditions; 

¶ common M&V practices used for DR, that could be adopted for the Active building EPC model. 

The objective of the Stakeholder survey (Part B) is to get input from stakeholders on:  

¶ The current services they ς as flex providers - are currently offering in terms of demand response; 

¶ The outlook of flex users or requesters to the possible use of DR from buildings and the criteria that 

apply to it; 

¶ The business models they are using or envisaging and the timeframe in which they are doing so. 
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3. FLEXIBILITY/DR SERVICES AS A NEW BUILDING ENERGY SERVICE 
DR is an articulated program of actions that allows the consumers (industrial, commercial or residential) to 

modify their own electrical load (lowering it or translating it horizontally) in response to existing problems 

on the grid, e.g. momentary unavailability of power caused by failures or intermittent production from non-

programmable renewable sources, or in response to the dynamics of wholesale electricity prices, or to 

increase the use of locally or self-produced energy. DR can provide several environmental benefits while 

making the electric grid more reliable in the presence of high shares of renewables. It can contribute to 

save energy, reduce the use of fossil fuel power plants, and help integrate renewable energy into the 

electric grid by also providing increased stability and management, avoiding peak congestions. The 

incentive for end users to join DR programs comes from direct economic savings generated by the action 

implemented thanks to refined tariff structures or coming from a more complex remuneration system 

managed by the system operators of the electricity grid who essentially pay the end user to be available 

for more or less scheduled disconnections.  

 

3.1 WHY ARE BUILDING FLEXIBILITY SERVICES NEEDED? 
The production of renewable energy from wind and sun is not constant over the time. Typically, solar plants 

produce much more energy in summer than in winter, while the opposite happens for wind farms. High 

variability of production is recorded also during the single day and this is due to the natural variation of 

irradiation and windiness. There are different methods to forecast the production of renewable energy, 

based on meteorology and complex mathematical algorithms allowing the TSO to manage this variability, 

but, despite this, several times the energy production is larger than the demand and therefore the TSO is 

forced to issue dispatching orders to block some wind or photovoltaic plants, thereby creating economic 

and environmental damage. 

At the level of individual users (homes, buildings, commercial users, etc.), the demand response concept 

can be applied by using specific control systems with the aim to mitigate this problem: some electric loads 

are activated preferably when the photovoltaic (PV) plants produce an excess of energy (e.g. household 

appliances, charging systems for electric cars, environmental conditioning, etc). Moreover, the use of 

energy storage systems (both electric and thermal) allows exploiting any additional energy surplus 

produced on site in the hours of day when production from renewables is low. 

Several practical cases have shown that these methods allow individual users to increase their self-

consumption of renewable energy from 30% to 80%, thus reducing the injection of an energy excess into 

the grid which could determine the need to block production from renewable plants. 

At the grid management level, the demand response is activated through the energy flexibility market: the 

TSO can ask certain users (already accredited for this) to balance the grid by modifying their consumption 

baseline or by injecting energy into the grid. 
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In fact, in the event that the global production of energy is larger than the demand, these users will have 

to consume more energy than their habitual needs (for example by loading storage systems and / or 

activating programmable loads), otherwise, if the global demand is larger than the production, they have 

to disconnect some loads to consume less, or they will inject energy into the grid by discharging their 

electric storage systems. 

This strategy is very useful to avoid the congestion problems of the distribution electric grid. They occur 

when the energy flows required in a part of the grid (both to meet the high demands and to transport the 

energy produced by renewable plants) are higher than those for which the electric grid components have 

been safely designed. The congestion problems are essentially due to the generation of sudden power 

flows, produced by solar and / or wind power plants, which generate power peaks that are difficult to 

forecast and to manage by the grid, especially in rural areas. The demand response tools both at building 

and at grid level allow reducing flow peaks and therefore contribute to avoid congestion problems. 

TSO has always to guarantee the balancing of the electricity grid: the electricity consumption must be equal 

to the production of the plants at all times. When this balance is lost, special mechanisms are activated. In 

this case, three types of actions are implemented: 

¶ primary regulation: it is automatically activated in a few seconds and allows a limited variation 

(typically ± 1.5% of the rated power) of the generators power, both in increasing and in decreasing.  

¶ secondary regulation: it is always activated automatically, but within a few minutes and allows a 

wider range of power regulation, of the order of 10%. 

¶ tertiary regulation: unlike primary and secondary regulation, it is activated manually by the 

producers on the basis of requests from the TSO and it serves to compensate for imbalances greater 

than those manageable by primary and secondary regulation. 

In addition to traditional generators, which have specific obligations to contribute to the balancing of the 

grid, starting some years ago, electric storage systems (batteries and flywheels) have been used because: 

they allow rapid control of the grid and therefore can be used within primary regulation. Having a large 

storage capacity, even electric vehicles can also be used as common balancing tools. Renewable source 

ǇƭŀƴǘǎΣ ƛƴ ƎŜƴŜǊŀƭΣ ŀƭƭƻǿ ŀƴ άŀǎȅƳƳŜǘǊƛŎŀƭέ ǘȅǇŜ ƻŦ ǊŜƎǳlation, as it is only possible to reduce the power 

injected into the grid (even up to disconnection), but not to increase it. Since some years, the TSO acquires 

the necessary resources to guarantee grid balancing on the electric dispatching market. Furthermore, 

several pilot projects in Europe have started to open this market even to small operators gathered in an 

ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ǇǊƻǎǳƳŜǊǎ ŀƴŘ ƳŀƴŀƎŜŘ ōȅ ŀ ǎƛƴƎƭŜ Ŝƴǘƛǘȅ ŎŀƭƭŜŘ άŀƎƎǊŜƎŀǘƻǊέΣ ŀōƭŜ ǘƻ ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ǘƘŜ 

TSO and provide it the flexibility resources against a payment for the provided service. 

As already said, the last decade in Europe has been characterized by a progressive decrease in conventional 

thermoelectric and by an exponential increase in renewable energy plants, in particular photovoltaic and 

wind power. The reduction in the number of traditional programmable plants (mostly thermoelectric and 

hydroelectric) historically used by TSO to perform the balancing, has determined a decrease in the total 
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power available for regulation, which is a percentage of the nominal power of the plants in operation.  

Renewable plants, from their side, are non-programmable sources and their greater diffusion makes it even 

more important and necessary to find additional regulation sources than the classic ones. The further 

development and penetration of renewable sources, also envisaged by the Clean Energy Package, will only 

take place if advanced self-consumption techniques are disseminated at the building level or at the level of 

energy districts in order to minimize the imbalance effects on the external distribution network. This 

approach has two further advantages: the consumption of energy produced on site avoids the grid 

transmission losses, and reduces harmful emissions, since only energy produced on site and from 

renewable sources is used. 

In any case, since a building or an energy district normally cannot self-consume all the self-produced energy, 

the greater penetration of these sources is closely linked to the finding of additional resources for grid 

balancing, which can be acquired only on the market of balancing services when it will be opened to an 

increasing number of operators. 

 

3.2 WHAT TYPE OF FLEXIBILITY IS AVAILABLE IN/FROM BUILDINGS? 
There are different sources of flexibility within buildings, that can be activated by shifting production of 

useful energy or usage of it. Some may require acceptable flexibility in the comfort levels or in the way 

installations are being used. The following list provides some examples of typical sources of flexibility in 

buildings, see also Figure 1: 

¶ Electrical installations such as: 

o PV panels, 
o Heat pump, 
o Heat pump water heater, 
o Electric battery, EV, 
o Energy recovery ventilation 

¶ Smart sensors among which 

o Lighting controls, 
o Energy management system, 
o Computer and office equipment automatic control 

¶ Building elements: 

o Window shades, 
o LED lighting, 
o Variable speed pumps, 
o Efficient kitchen equipment, 
o Insulation, 
o Day lighting 
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Figure 1 ς Overview of different sources of flexibility in/from buildings (AmBIENCe; 2020) 

 

3.3 IN WHAT MANNER IS THAT FLEXIBILITY USED? 
With the increase of distributed and non-programmable renewable energy sources, load flexibility becomes 

even more important for an efficient, stable and economical energy system. Consumer-empowerment is 

taking on a leading role: thanks to advances in technological development and digitalization, people are 

beginning to play an active role in the energy system, to achieve savings on their energy bills, to improve 

comfort or to contribute to the energy transition. The load flexibility is a form of demand response that 

controls electricity usage in real time, also using common household appliances like smart thermostats and 

water heaters. The important role of this load flexibility rises as the grid faces issues balancing supply and 

demand with the use of more wind and solar energy, generators that are not programmable. Load flexibility 

can help by quickly lowering or shifting demand to balance the grid, without affecting the comfort 

conditions inside the buildings.  

When discussing about load flexibility it is useful to distinguish between flexibility to shift load demand 

(load shifting), and flexibility to reduce and increase peak load demand (load shedding and increasing). 

Figure 2 shows a comparison between load shifting and load shedding over a typical load curve over the 

day, where there are peaks in the morning and afternoon, a somewhat lower load at mid-day, and much 

lower load during the night. 
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Figure 2 - Typology of options for load flexibility: load shifting vs. load shedding (Nordic Council of Ministers & 

Nordic Energy Research, 2017) 

 
Load shifting, shown in the left side of Figure 2, essentially refers to scaling load up or down according to 

external pricing signals. Power consumption during peak load periods, times during the day when demand 

for electricity is high and the price expensive, is shifted to periods of lower demand and lower prices. Load 

shifting does not involve a reduction in electricity consumption than originally planned, allowing the 

electricity to be consumed at a different time. By shifting the load, the load profiles of electricity consumers 

often align with volatile power production at renewable energy plants: the low production costs of these 

assets (wind power, photovoltaics) cause lower prices on the electricity exchange. Load shedding, shown 

in the right side of Figure 2, involves the targeted reduction of total electricity consumption, implying a 

lower demand for power without compensating the adjacent periods. On the contrary, if the supply of 

energy surpasses demand, depending on the configuration of generation capacity, load increasing can be 

applied, using energy storage to arbitrage between periods of low and high demand. As a result, the 

electricity consumption increases. 

The load shaping techniques also include the peak clipping, valley filling, and flexible load shape, shown in 

Figure 3. 
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Figure 3 ς Other load shaping methods: peak clipping, valley filling and flexible load shape (B. LOKESHGUPTA ET AL., 

2017) 

The first two parts of the Figure can be seen as a part of load shifting, while the last one as a combination 

of load shedding and load increasing. In the peak clipping (in left side of Figure 3), load reduction occurs 

during peak hours. As a result, both peak demand and total energy consumption are reduced; in the valley 

filling (in the central part of Figure 3), the off-ǇŜŀƪ ŀǊŜŀǎ ŀǊŜ άŦƛƭƭŜŘέΣ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ total energy 

consumption but not the peak load; finally, the flexible load shape (in the right side of Figure 3) is related 

to direct interruption of particular loads, when it is necessary. A small variation in energy consumption and 

peak load may be achieved. 

 

3.4 FLEXIBLE DEMAND: SPECIFIC BARRIERS FOR BUILDINGS 
The opportunities for realising DR programs vary across Europe, as they are dependent on the specific 

regulatory, market and technical contexts in different European countries. Although successful DR 

programs are becoming increasingly common for large industrial customers, the DR programs aimed at 

small and medium scale customers have mostly failed to meet their expected potential. Barriers in the 

diffusion of DR programs, in the building sector, can come in the form of political, technical and behavioural 

challenges.  

From a political point of view, regulated utilities operate within an incentive structure that prefers building 

physical assets to the behaviour-dependent demand response. Incentive mechanisms are needed for the 

diffusion of demand response, as happens on the generation side, in order to stimulate the user to 

modulate withdrawals according to price changes. On the other side, wholesale markets have evolved 

around supply-side resources, without giving to supply and demand equal treatment. Moreover, complex 

and burdensome administrative and authorisation procedures still represent an important barrier for the 

competitiveness of small-scale self-consumption projects for buildings.  

In general, blocks of buildings offer more flexibility in the timing of energy use, local energy generation and 

energy storage than single buildings, but also in this context, the potential value of DR strongly depends on 

the control technologies embedded in the building management systems. 
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The behavioural challenges depend on the lack of awareness of the users of their own load profiles, also 

due to a limited adoption of monitoring systems. The lack of information of end users about the regulatory 

and technical framework of demand response is also a crucial barrier. Moreover, many users have no 

confidence in the electricity market functions (CEER, 2011), because of its complexity and are quite low 

interested in energy related issues (Kim & Shcherbakova, 2011). 

Within this report, we will identify further barriers and zoom deeper into those barriers that the AmBIENCe 

project will search solutions for. 
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4. FLEXIBILITY/DR BUSINESS MODELS 
The previous chapter indicated several flexibility options for buildings. This chapter will zoom in on how 

such flexibility options can be valued through different DR business models.  

Demand response (DR) is defined as άChanges in electric usage by end-use customers from their normal 

consumption patterns in response to changes in the price of electricity over time, or to incentive payments 

designed to induce lower electricity use at times of high wholesale market prices or when system reliability 

is jeopardized.έ (p.1) (Murthy Balijepalli et al., 2011) 

Through DR, different types of customers receive signals to adjust their demand at specific moments of 

time. These signals can be either άŜȄǇƭƛŎƛǘέ όŜΦƎΦ ƭŜŀŘƛƴƎ ǘƻ ŘƛǊŜŎǘ ǇŀȅƳŜƴǘǎύ ƻǊ άƛƳǇƭƛŎƛǘέ όŜΦƎΦ leading to 

price-based benefits that decrease their bill). Explicit demand response implies that demand-side resources 

are traded on markets (wholesale, balancing and ancillary services and where applicable also capacity 

mechanisms). Implicit demand response on the other hand implies that energy prices or network tariffs 

vary over time because they reflect the value and cost of (the transportation of) energy at different 

moments in time. (SEDC, 2017) 

The two types of DR models are therefore activated at different times and serve different purposes (Zheng 

Ma et al., 2017). Consumers can participate in both models. Figure 44 (van der Veen et al., 2018) indicates 

the difference between implicit DR (left part of the Figure) and explicit DR (right part of the Figure). In case 

of implicit DR, the prosumer can value its flexibility itself. Possibly, this can be done through the support of 

an ESCO who helps the consumer to optimize its behaviour. In case of explicit DR, the consumer can trade 

its flexibility directly on the necessary markets to the benefit of Balancing Responsibility Parties (BRPs) and 

system operators. However, as indicated in the Figure, in most cases, an aggregator will act as a third party 

aƴŘ ǘǊŀŘŜ ǘƘŜ ǇǊƻǎǳƳŜǊǎΩ ŦƭŜȄƛōƛƭƛǘȅ ƻƴ ǘƘŜ ƳŀǊƪŜǘǎΦ 

 

Figure 4 - Implicit and explicit demand flexibility (source: (VAN DER VEEN ET AL., 2018) ς USEF) 
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In what follows, we will give more insights into these different actors, the different types of business models 

that exist for both implicit and explicit demand response, and the different challenges that go along with 

them. 

 

4.1 ACTORS AND ROLES FOR DR 
Different market players can be active in DR markets depending on the exact model chosen. Each market 

player has a specific role that characterizes its responsibilities and potential collaboration patterns (Delnooz 

et al., 2019). Below, we summarize the most important roles that can take place in DR markets. It is 

important to differentiate between the roles in the market and the actors that can adopt them (ENTSO-E, 

2017b). The description of the different roles is adapted from (Delnooz et al., 2019; ENTSO-E, 2017a; IRENA, 

2019a; Rivero et al., 2014; Zheng Ma et al., 2017). 

¶ Supplier / retailer ς actor that provides electricity to end consumers. The supplier has a contractual 

agreement with the grid operator. Suppliers have their own generators or buy electricity from other 

producers on the wholesale market. 

¶ Consumer ς actor that consumes the delivered electricity. Consumers that take active part in the 

grid system in the sense that they possess their own DER (such as solar panels) are also referred to 

as prosumers. 

¶ Aggregator ς grouping of agents in a power system (i.e., consumers, producers, prosumers) to act 

as a single entity when engaging in power system markets (both wholesale and retail) or selling 

services to the operator. An aggregator can help in better integration of renewable energy 

resources by providing both demand- and supply-side flexibility services to the grid.  

¶ TSO ς the actor responsible for operating and maintaining the transmission grid in a given area. 

Potentially, it is also responsible for the development of the grid in a given area and for the 

interconnections with other systems. The TSO is also responsible for connecting all DSOs in its 

control area and must ensure future demand for transmission of electricity. 

¶ DSO ς the actor responsible for operating and maintaining the distribution grid in a given area. If 

applicable, it is also in charge of developing the distribution grid in specific areas and responsible 

for the interconnections with other systems. The DSO must also ensure the ability of the system to 

meet future demand for distribution of electricity. 

¶ BRP ς the actor responsible for a specific portfolio of access points. It must ensure balance between 

injections and offtakes in its portfolio. 

¶ Energy Community - energy communities can take up the role of a consumer/prosumer as such and 

sell to BRPǎΣ ŀƎƎǊŜƎŀǘƻǊǎΧ ƭƛƪŜ ƴƻǊƳŀƭ ŎƻƴǎǳƳŜǊǎ/prosumers would do. Given the fact that they are 

larger than traditional consumers/prosumers, they should have scale benefits. On the other hand, 

energy communities could change existing market models in the sense that they provide 

opportunities for peer-to-peer supply (P2P).  
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¶ ESCO ς the actor that aims to offer fully integrated energy services to its customers. Generally, it 

focusses on energy savings and energy efficiency solutions in existing buildings. Yet, in the scope of 

the AmBIENCe project, it is examined how it could extend its scope to also offer DR services. We 

explain this actor in more detail in chapter 5. 

Other actors could be regulators, policy makers, technology providers, data managers, metered data 

responsible, building managers, tenants, occupants, real estate developers, ESCO project facilitatorsΧ 

Additional stakeholders can be found in the following reference (Zheng Ma et al., 2017). However, in this 

report, we mostly focus on the stakeholders mentioned above. 

 

4.2 IMPLICIT DEMAND RESPONSE 
Implicit demand response implies that customers are subject to price and tariff signals that reflect system 

conditions (IRENA, 2019c). Customers can reduce their invoice expenses by responding to price variations. 

Business models for implicit demand response are therefore mostly business models related to contract 

optimization. Yet, other business models are also possible (van der Veen et al., 2018), Table 2. 

Contract optimization: This implies that consumers can use flexibility in function of the applicable 

electricity rates (both commodity and distribution). By adjusting their behaviour to price volatility, the total 

electricity bill is lowered. This can be done by reducing grid utilization costs by means of peak load shaving. 

Or it can be done by adjusting to time-dependent energy tariffs (maximizing consumption at off-peak and 

minimizing it at peak hours) (Vallés et al., 2016). 

Emergency power supply: In case the consumers have their own generators or specific storage facilities, 

another business model for implicit demand response could be the provision of emergency power supply. 

In case of grid outages, by adapting its behaviour, prosumers could be self-sufficient for a specific time 

period (van der Veen et al., 2018). 

Self-balancing: Finally, another business model could be self-balancing. This is an option for consumers 

who generate their own energy. They could optimize the periods when they are buying or selling electricity 

depending on consumption or injection prices. This is, however, only economic when there are no 

regulations regarding net balancing (van der Veen et al., 2018). 

In what follows, we will mostly focus on the business model of contract optimization. The way that contract 

ƻǇǘƛƳƛȊŀǘƛƻƴ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ όǇŜŀƪ ŎƻƴǘǊƻƭΣ ǘƛƳŜ ƻŦ ǳǎŜ ƻǇǘƛƳƛȊŀǘƛƻƴΧύ ƘƛƎƘƭȅ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ǘƘŜ ŜƴŜǊƎȅ 

invoice looks in specific countries. We therefore start by explaining the different components of an energy 

invoice (energy, network and residual components) and we explain in what structure such components can 

be charged όǾƻƭǳƳŜǘǊƛŎΣ ŎŀǇŀŎƛǘȅΣ ŦƛȄŜŘΧύ. Then we explain to what extent these cost structures can differ 

ƻǾŜǊ ŘƛŦŦŜǊŜƴǘ ŘƛƳŜƴǎƛƻƴǎ όǘŜƳǇƻǊŀƭΣ ǎǇŀǘƛŀƭΧύΦ 
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Table 2 - Implicit DR flexibility services 

What? Products To whom? Where? How? 

Benefits to 
networks 
(contract 
optimization) 

Network tariffs  
(manage load peaks, avoid grid 
reinforcements) 

DSO 
DNO contract / 
Network tariff 

Benefits to 
system balance 
(contract 
optimization) 

Energy tariffs (adapt consumption 
to generation) 

Supplier 
Consumer retail 
contract / 
Energy prices 

Self-balancing 
Optimize own generation to 
consumption 

Consumer Self-interest 

Emergency 
power supply 

Provision of emergency power Consumer Self-interest 

 

4.2.1 DIFFERENT RETAIL & TARIFF COMPONENTS AND STRUCTURES 

Energy invoices are generally split up in three broad categories of cost components: energy & retail costs, 

network tariff costs, and taxes and other residual costs. Each of these cost categories can be charged to the 

consumer in different ways. Different authors give an extensive overview of the possibilities, which we 

summarize below. 

Energy ς retail components 
The energy component is charged to consumers to retrieve costs of electricity production. Generally, the 

cost is charged based on the effective energy consumption of the consumer ŀƴŘ ƛǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ϵκƪ²ƘΦ  

¶ The energy component can be part of a fixed contract. In that case, the energy component is 

determined in advance and the consumer knows the exact amount he/she will pay per kWh 

consumed. If energy prices would increase during the contract period, the consumer is not affected. 

Yet, the consumer will also not benefit potential price decreases. 

¶ In case the energy component is part of a variable energy contract, the price per kWh is variable 

and can therefore increase or decrease throughout the year. To determine such price fluctuations, 

energy suppliers make use of index parameters. They can use forward-parameters which make use 

of long-term energy trade markets, or they can use spot-parameters which are based on the day-

ahead market. The volatility of spot-parameters is therefore higher than that of forward-

parameters. (VREG, 2020) Yet, the volatility is not as high as in case of dynamic energy contracts as 

suppliers publish their offers (for instance) on a monthly basis (CREG, 2018). The exact regulations 

might differ, however, from country to county. 

¶ Finally, there are also dynamic or flexible energy contracts, implying that the energy price 

fluctuates based on the wholesale prices. In theory, this implies that prices could change per day or 

even per hour. These tariffs could be beneficial for consumers who aim to adapt their behaviour to 
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different prices. In practice, for regular consumers, it is possible that energy suppliers publish 

dynamic tariffs public 24h in advance so that consumers have time to response and react. 

Network tariff components 
Network charges are charges that a consumer pays to get the electricity delivered at his place. There can 

be charges for distribution and transmission grids. There are multiple different ways to charge such tariffs. 

(CEER, 2017; Pinto-Bello, 2019) 

¶ Volumetric ς this tariff charges network costs depending on the electricity consumed by the 

consumer. It is usually ŜȄǇǊŜǎǎŜŘ ƛƴ ϵκƪ²ƘΦ 

¶ Capacity ς this tariff charges customers based on the capacity that they use as this is a cost driver 

for network costs. It is either charged based on the peak demand measured in a specific timeframe 

(measured in kW) or it can be charged based on contracted capacity (kVA). In the first case, such 

tariffs are also called capacity usage-based tariffs. In the second case, it is referred to as contracted 

capacity charges. 

¶ Fixed ς this tariff charges network costs independent of consumption. It is a set amount that is 

charged per year per connection. These are also called standing service charges. 

¶ Connection charges ς this is a one-time charge that is usually set when a customer is connected to 

the network. Such charges can be shallow or deep, or a mix of both. Shallow implies that loads only 

pay for the cost of equipment needed to make the connection to the grid. Upstream reinforcement 

costs are not taken into account. Deep connection charges imply that loads pay for all costs 

associated with its connection, including potential upstream network reinforcements. In case of 

mixed methods, shallow costs are still paid, and a proportion of the upstream network costs as well. 

(Knight et al., 2005) 

Taxes 
Finally, energy invoices also contain charges to recover residual costs which are not necessarily directly 

linked to energy consumption. These can be taxes, Ŏƻǎǘǎ ǘƻ ǊŜŎƻǾŜǊ ǎǳōǎƛŘƛŜǎΧ In theory, it is said that such 

costs should not be linked to energy consumption as they are not linked to the energy cost. They should 

thus be charged in the form of some fixed cost. Nevertheless, in a lot of cases, these costs are still charged 

per kW or kWh and therefore indirectly also give price signals that are not necessarily cost-reflective. 
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4.2.2 POSSIBLE TARIFF DIMENSIONS 

The cost components discussed in the previous section can differ over different dimensions. Below we 

discuss how they can differ over time and space. Prices and tariffs can also differ depending on the 

consumer group. Different consumers can have different consumption profiles which would permit 

different price and tariff structures. The dimension of different consumers will, however, not be discussed 

explicitly in this report.  

By combining different cost components over different dimensions, multiple variations in pricing and tariff 

designs can occur. A volumetric tariff can be fixed over time, or it can be highly dynamic (EURELECTRIC, 

2017). More elaborate discussions can be found in (CEER, 2020a; IRENA, 2019c; PÉREZ-ARRIAGA & Knittel, 

2016). 

Over time, a price or tariff can be: 

¶ Static ς This implies that it does not change over time. This would mean that a customer knows in 

advance what (for instance) its capacity tariff or energy price will be for the rest of the contract 

period. The tariffs are set in advance and remain constant during that period. Usually, the prices 

apply over larger time blocks of multiple hours (such as day versus night pricing). 

¶ Time of use (TOU) ς Time-of use tariffs are tariffs that vary over time. In general, there are different 

types of TOU tariffs that can be categorized into static and dynamic TOU tariffs.  

¶ Dynamic ς Dynamic tariffs on the other hand fluctuate more frequently and are based on the actual 

system status. Dynamic tariffs can be set close to real-time consumption of electricity if they would 

ōŜ ōŀǎŜŘ ƻƴ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎΦ ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ άǊŜŀƭ ǘƛƳŜ ǇǊƛŎƛƴƎέΦ 

¶ Mixed ς There can also be combinations of both static and dynamic pricing strategies. Two 

ŜȄŀƳǇƭŜǎ ƘŜǊŜ ŀǊŜ ά±ŀǊƛŀōƭŜ ǇŜŀƪ ǇǊƛŎƛƴƎέ (VPP) ŀƴŘ ά/ǊƛǘƛŎŀƭ ǇŜŀƪ ǇǊƛŎƛƴƎέ (CPP). VPP implies that 

different pricing periods are defined in advance, yet the height of the price is not fixed in advance 

and depends on the market conditions. CPP implies that only during a few days per year electricity 

prices increase significantly. Typically, this is linked to periods of increased wholesale prices. (IRENA, 

2019c) 

It also should be noted that the way prices or tariffs differ over time, is also highly dependent on how 

consumption is measured. The more granular data are recorded (for instance on a quarter hourly basis), 

the more variable charges can be over time. In case consumption is only recorded on a yearly basis, 

variation over time is more difficult. (EURELECTRIC, 2017) also highlights that the pricing period is also an 

important factor to take into account. Prices could be dynamic, but only in a specific period, leading to a 

partly dynamic price or tariff. 

Over space, a price or tariff can vary depending on the location. If locational differences are present, the 

goal of higher special granularity is to be more cost reflective and to account for possible differences in 

network constraints (for instance by reflecting grid congestions). If such cost differences are taken into 

account through better price signals, redispatch costs caused by network congestion could be avoided, and 
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network and DER investments in specific areas can be stimulated. The extent to which location is taken into 

account depends on how far one aims to go. Different degrees are possible (Irena, 2019): 

¶ Nodal pricing ς this is the highest degree of granularity with regard to taking into account spatial 

differences. Under this option, each node has a separate price. 

¶ Zonal pricing ς under this option, a price is defined for one pricing zone in which participants trade 

energy. The assumption is that within this zone, there are no constraints. This is the approach taken 

by the European electricity market, where in most cases bidding zones correspond to national 

borders.  

¶ Uniform pricing ς under this option, there is no price / tariff distinction between different nodes 

and zones. 

Other ways to categorize tariffs based on location are for instance to distinguish uniform charges versus 

locational charges or charges at depending on the voltage level (EDSO, 2015). 

Furthermore, (CEER, 2017) also indicates that interruptible tariffs are also a way to support flexibility in the 

sense that they allow the DSO to interrupt system usage of its customers. In that case, customers do not 

have a permanent connection to the grid and get a lower tariff instead. This reduction in tariff should reflect 

the flexibility value in order to avoid a socialisation of costs between different customer groups. For new 

connections to the grid (mainly distributed generation and wind turbines), this idea is extended to Smart 

Connection Arrangements (SCAs) in which the DSO is allowed to curtail their connection for a pre-

determined amount of time (Schittekatte & Meeus, 2018). 

Finally, it should be indicated that ƻƴ ǘƻǇ ƻŦ ǘƘŜ ΨǊŜƎǳƭŀǊΩ ǘŀǊƛŦŦǎ ŀƴŘ ŘƛƳŜƴǎƛƻƴǎΣ ǘƘŜǊŜ Ŏŀƴ ōŜ ŀŘŘƛǘƛƻƴŀƭ 

incentive schemes for distributed renewables or other technologies. These can also influence customer 

behaviour as they make it more or less interesting to inject electricity to the grid instead of consuming it. 

We discuss below Feed-in tariff (FiT) and Net metering (NEM). 

¶ Feed-in tariff (FiT) 

In case of FiT, electricity injection and consumption are registered through separate meters and are 

therefore accounted differently (IRENA, 2019b). Injection compensations can be higher or lower than the 

retail electricity price. 

¶ Net metering (NEM) 

With more and more decentralized energy production (for instance through PV installations on rooftops), 

it is also important to have proper pricing schemes for the production of energy from prosumers. Some 

countries therefore apply NEM schemes which imply that consumers are only charged for the net electricity 

consumption from the grid after that their injected electricity into the grid is deducted from their 

consumption (IRENA, 2019b). Consumers therefore get the retail electricity price as a compensation for the 

energy production. 
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Both NEM and FiT have been criticized significantly due to the fact that they do not value electricity injection 

at a cost-reflective level. For instance, during peak load hours, injection of electricity is more valuable than 

at off-load hours. In addition, NEM allows consumers to store electricity virtually in the grid for free as the 

benefit from full retail prices (which also include grid costs etc.). While this encourage renewable 

production, these systems do not incentive consumers to take into account the grid status. (IRENA, 2019b) 

όǇΦ оύ ŘŜŦƛƴŜǎ ǇǊƻǇŜǊ ƴŜǘ ōƛƭƭƛƴƎ ǎŎƘŜƳŜǎ ŀǎ άa way to charge but also compensate prosumers based on the 

actual market value of electricity, balancing what they consume against what they inject into the gridέΦ LŦ 

done properly, such schemes ensure self-consumption and injection of electricity when prices are high, and 

withdrawal of electricity when prices are low (IRENA, 2019b). 

As such, it is therefore important to also look at different methods for compensating excess electricity 

injected to the grid. (IRENA, 2019b) distinguishes three different pricing schemes: 

¶ Time-of-use tariffs (as explained earlier); 

¶ Location-varying tariffs, which are based on grid congestion at the different nodes; 

¶ Tariffs based on the avoided cost of electricity, which looks at the marginal cost of electricity 

procurement that a retailer/system operator avoids due to the grid injection.  

As discussed previously, it is important that such schemes are as close as possible to dynamic pricing so 

that prosumers as well get cost-reflective incentives. 

It should be noted that this overview is not capturing all type of variations possible within tariffs. For 

instance, tariffs could in some countries also vary depending on the square meters of property, there can 

be increasing or decreasing block pricingΧ (Schittekatte & Meeus, 2018). The reader should therefore be 

aware of the fact that other possibilities exist, yet that they might be less relevant for demand response 

itself. 

 

4.2.3 BENEFITS AND DISADVANTAGES OF THE DIFFERENT TARIFF STRUCTURES 

From the previous section, it became clear that multiple options exist with regard to tariff structures. Each 

of these tariffs has its pros and cons, and there is no one-size-fits-all tariff. Instead, depending on the 

objectives that one aims to reach, and depending on the target customers, different tariffs might apply in 

different situations. Principles such as cost-reflectiveness, non-distortionary, non-discriminatory, 

transparency, predictability, cost-recovery, simplicity, fairnessΧ ŀǊŜ ǇǊƛƻǊƛǘƛȊŜŘ ƳƻǊŜ ƻǊ ƭŜǎǎ ǘƘǊough the 

tariff choice (CEER, 2017). Furthermore, depending on specific grid objectives on one location or moment 

of time, spatial or temporal dimensions might be highlighted more or less to answer to certain grid 

weaknesses. Because of differences in energy mix, infrastructure (smart metering devices, smart 

ŎƘŀǊƎƛƴƎΧύ and grid specificities (Pinto-Bello, 2019) warns for the fact that one tariff design might have 

different impacts in two different countries. 

In Table 3, we give an overview of the price and tariff structures discussed previously. Per price or tariff 
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structure, and per dimension, we summarize the key advantages and disadvantages discussed in literature. 

If such benefits or disadvantages are likely to be for one or more specific stakeholders, these are mentioned 

in brackets. For more detailed discussions, we refer among others to (Antonopoulos et al., 2020; CEDEC, 

2014; Faruqui & Lessem, 2012; FSR, 2019; Irena, 2019; Knight et al., 2005; Lu & Price, 2018; OFGEM, 2019, 

personal communication, 2020). 

Table 3 - overview of price and tariff structures and their advantages and disadvantages 

Invoice components 
 

Disadvantage Advantage 

Energy 

Fixed 

¶ Not cost-reflective 

¶ Does not incentivize consumers 

to behave in a system-optimal 

way 

¶ Simple 

¶ Stable  

¶ Predictable 

Variable 
¶ Cost drivers are not necessarily 

taken into account in real time 

¶ Potentially allows to better take 

into account seasonal variations  

Dynamic 

¶ Higher price volatility might 

lead to penalties for consumers 

who cannot adapt their 

consumption in time 

¶ More advanced measuring 

equipment needed 

¶ Better reflects cost drivers and in 

real-time 

¶ Encourages energy efficiency and 

system flexibility  

Network 

Fixed 

¶ Does not reflect cost drivers 

¶ Does not encourage energy 

efficiency 

¶ Does not encourage system 

flexibility 

¶ Simple 

¶ Stable & predictable 

Volumetric 

¶ Not a proper driver for network 

costs (DSO) 

¶ No proper incentives for 

investments in grid capacity 

(DSO) 

¶ Death Spiral risk (DSO) 

¶ More possibilities for the 

development of flexibility services 

(supplier) 

¶ Leads to more energy efficiency as 

consumption directly leads to 

lower bills 

¶ Possibility of net-metering leads to 

higher benefits for distributed 

generation (prosumer) 
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Capacity 

¶ Possibility of net-metering 

decreases / disappears and 

there will be less benefits for 

distributed generation 

(prosumer) 

¶ Less options for flexibility 

services (supplier) 

¶ Do not promote energy 

efficiency 

¶ Real cost driver for network costs 

(DSO) 

¶ Better incentive for proper 

network investments (DSO) 

¶ More revenue stability for the DSO 

(DSO) 

¶ More predictable invoice as 

capacity is more stable (customer) 

Connection 
Shallow 

¶ Does not give sufficient 

locational signals 

¶ Additional charges (use of 

system charges) could be 

charged afterwards 

¶ Reinforcement costs could be 

charged through tariffs 

¶ Costs are lower and transparent 

Connection 
Deep 

¶ A new entity connecting can 

end up paying for 

reinforcements caused by other 

parties 

¶ Difficult to determine network 

reinforcement costs 

¶ Potentially discriminatory for 

new distributed generation that 

have to pay much higher cost 

than old existing technologies 

¶ Strong locational signals (DSO) 

¶ No additional follow-up costs 

(consumer) 

Connection 
Mixed 

¶ Challenging to set non-

discriminatory rules to calculate 

the exact proportion of costs 

per new connection 

¶ Provides more locational signals to 

new connections 

¶ Reinforcement costs are a 

function of usage of the new 

connection assets 
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Dimensions 
 Disadvantage Advantage 

Time 

Static 

¶ Could over-incentivise self-

generation during moments that 

coincide with system peaks (DSO) 

¶ Simple 

Time of 
Use 

¶ When badly designed, effects 

could be adverse (DSO) 

¶ Predicted peak times could be 

wrong and not coincide with 

actual system peaks 

¶ Less useful to address specific 

system issues in real-time 

¶ Aims to better reflect costs 

¶ Aims to better reflect the value 

of flexibility 

¶ More stable, understandable and 

predictable 

¶ Fluctuations in energy invoices 

are more moderate 

¶ Possibility of good planning for 

the consumer 

Dynamic 

¶ Advanced metering is required 

¶ Flexibility providers / Consumers 

might wrong predict signals and 

respond accordingly  

¶ Traditional consumers who can't 

adapt face higher prices 

¶ Can be very volatile and risky for 

consumers 

¶ Without automating equipment it 

is hard to respond on an hourly 

basis or on even lower granular 

levels 

¶ Signals real-time value of 

flexibility (consumer) 

¶ Signals system issues in real-time 

(DSO) 

¶ Reflects real-time costs (DSO) 

Mixed 

¶ There are concerns that such 

tariffs do not sufficiently help 

revenue stability of utilities 

¶ Only provides incentives during a 

limited amount of critical 

moments in the system 

 

¶ CPP is for instance simple to 

understand, yet gives a strong 

signal 

¶ Invoice risks are still somehow 

limited as customers know when 

they are exposed in advance and 

as the time period is limited.  
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Location 

Nodal 

¶ Not applicable in Europe and some 

other regions: implementation 

costs would be very high 

¶ Large data requirements and high 

computational burden (DSO) 

¶ Does not reflect network 

infrastructure costs sufficiently 

and therefore does not give 

sufficient incentives for grid 

expansion (DSO) 

¶ Reduces dispatch costs as it 

decreases the amount of remedial 

actions needed 

¶ Accurate market signals to guide 

operational decisions 

¶ Possibility to differentiate 

between regions (nodes) to give 

better incentives regarding 

investments 

Zonal 

¶ Zones are predefined, yet in theory 

the zones could vary depending on 

the actual grid situation 

¶ Potential for market power 

¶ Location is not well taken into 

account 

¶ Solves equity concerns 

¶ Less complex, more transparent 

Uniform 

¶ Does not reflect real-time cost 

¶ Does not take into account 

locational differences 

¶ Simple, less complex, transparent 
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4.2.4 TARIFF PRACTICES IN DIFFERENT MEMBER STATES 

From the previous discussions, it become clear that more dynamic tariffs are interesting for implicit demand 

response as they give the most options for consumers to adapt their behaviour. In case dynamic energy 

prices are offered to consumers by the energy supplier, over half of the consumers is assumed to see 

decreases in electricity bill expenses, ƛŦ ǘƘŜȅ ŘƻƴΩǘ ŎƘŀƴƎŜ ǘƘŜƛǊ ƭƻŀŘ ǇǊƻŦƛƭŜ (Boeve et al., 2018). Such 

decreases are expected with consumers who have flatter consumption profiles. In case consumers do 

change their consumption profile by making it flatter or by ensuring that their peaks do not coincide with 

peak electricity price periods, more consumers are expected to benefit from more dynamic energy prices. 

The exact benefits of dynamic energy prices and/or network tariffs depend on the height of these 

components and their percentage in the total energy invoice. As can be seen in the following graph (Error! 

Reference source not found.), the percentage of each of these highly differs over Europe. In Belgium, 

dynamic energy prices would therefore lead to comparatively limited benefits due to the fact that the 

energy price does not even take up 1/3th of the energy invoice. Note, however that larger consumers have 

energy tariffs that take up a larger percentage in their energy invoice. 

 

 

Figure 5 ς Electricity prices in 2017 (top household, bottom industrial) (source: DG ENER IN-HOUSE DATA 

COLLECTION (EUROPEAN COMMISSION, 2019)) 
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It is therefore important that one does not only focus on dynamic energy prices, but also on dynamic 

network tariffs as these take up a significant portion in the electricity bill.  

Table 4 gives an overview of energy prices and network tariffs that are in general used in the different 

countries. It should, however, be noted that this table does not give a complete overview of all the 

possibilities per country, as the options depend from one consumer type to another. The table merely 

intends to give an idea of which countries already offer more cost-reflective and dynamic prices and tariffs. 

For a real cost analysis, a further and more detailed analysis per country would be needed. The table is 

developed up based on previous studies done by VITO, combined with literature (E-control, 2018; IRENA, 

2019c; Pinto-Bello, 2019) and expertise from the consortium partners. It should be noted that for some 

countries this table is only accurate today given the current changes in energy and network tariffs. No 

distinction is made between different consumer types, but the table merely focusses on residential users 

and small enterprises. The table indicates if a specific pricing structure/tariff is available in a specific 

country, yet this might not apply to all consumer groups. 

The table is only showing some European countries. Sweden for instance also offers spot-market based 

pricing through monthly average wholesale prices and through some suppliers even dynamic pricing. In the 

UK and Romania, CPP and dynamic real-time pricing is available, in Lithuania CPP is used and in Estonia 

dynamic real-time pricing is applied. This report, however, merely aims to give a first idea of the possibilities 

for implicit demand response and therefore does not give a complete overview of all countries. 
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Table 4 - Pricing and tariff options generally available for residential consumers and small enterprises in different Member states 
   

Belgium Italy Portugal Spain Austria Denmark Germany Finland France Norway 
The 

Netherlands 

  
Smart meter 
roll-out 

80% completed 
by 2024, quarter 
hourly basis 

>80% completed 
by 2020, quarter 
hourly basis 

~60% completed 
by 2020, quarter 
hourly basis 

 Completed by 
2019 

Completed by 
2023, quarter 
hourly basis 

Completed by 
2020, 
(quarter)hourly 
basis 

Voluntary roll-
out, only 5% of 
residentials 
possess it 

Completed by 
2020, (quarter) 
hourly basis 

Completed by 
2022 

Completed in 
2019, quarter 
hourly basis 

Completed by 
2022, quarter 
hourly basis 

C
o

m
m

o
d

ity
 

Components 

Fixed No Yes Yes Yes No Yes Yes Yes No Yes Yes 

Volumetric kWh kWh kWh kWh kWh Yes Yes Yes Yes (kWh) Yes kWh 

Capacity No No No No No No No No No No No 

Time Dimensions 

Static Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 

ToU Day / Night Yes CPP No No No No Yes 
CPP (day-ahead 
warning) 

No Day / Night 

Dynamic parts No 
Dynamic real-
time pricing 

No  
Dynamic real-
time pricing 

No 

Spot-market-
based pricing 
through 
monthly 
average 
wholesale price 

No 
Dynamic real-
time pricing 

Dynamic pricing 
sometimes 
possible 

Spot-market-
based pricing 
through 
monthly 
average 
wholesale price 

No 

N
e

tw
o

rk
 

Components 

Fixed ϵ ϵ ϵ ϵ ϵ ϵ ϵ ϵ ϵ ϵ ϵ 

Volumetric ϵκƪ²Ƙ  ϵκƪ²Ƙ  ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ ϵκƪ²Ƙ No 

Capacity No ϵ/kW ϵκƪ²Ƙ ϵκƪ² ϵκƪ² No No ϵκƪ²  ϵκƪ² ϵκƪ±! ϵκƪ±! 

Connection 
charge 

ϵκƪ±!Υ {Ƙŀƭƭƻǿ 

ϵ/kW: 
depending on 
the connection 
voltage, the 
distance from 
the cabinet, and 
the power 

ϵκƪ²Υ {ŜƳƛ-
deep  

ϵκƪ²Υ {ƘŀƭƭƻǿΣ 
but deep if 
contracted 
capacity is 
exceeded 

ϵκƪ²Υ {ƘŀƭƭƻǿΣ 
but deep if 
contracted 
capacity is 
exceeded 

Shallow 
Shallow and 
deep 

Shallow unless 
extra capacity is 
required, then 
deep 

Shallow 
ϵκƪ²: Semi-
deep  

ϵκƪ²Υ {Ƙŀƭƭƻǿ 

Time Dimensions 

Static Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes 

ToU Day / Night No 

Volumetric: 
single, 
day/night, or 
two peak/off-
peak periods  

Volumetric: 
single, 
day/night, or 
two peak/off-
peak periods 

peak / off-peak 
summer / 
winter 

Volumetric term 
is registered 
hour, tariffs: 
peak load 
period, high 
load period and 
low load period 

Sometimes 
day/night 

Capacity: 
seasonal 
variation, 
volumetric: 
day/night 

Volumetric: 
single, 
day/night, or 
four peak/off-
peak periods 

Capacity term is 
in kW is monthly 
based 

No 
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Dynamic No No No No No No No No No 
Volumetric term 
is charged per 
hour 

No 

Granularity of billing 

    

Yearly Yearly   Monthly Yearly 

Average load for 
peak load 
metered 
customers is 
registered on 
quarter hourly 
frequency 

Quarter hourly Yearly 
Registered on 
an hourly basis 

Quarter half-
hourly measures 

Volumetric and 
capacity term 
are measured 
per hour 

Yearly 

  Expected 
changes 

2022: shift to 
capacity tariff 
for the network 
costs (average 
monthly peak) 

2022: end of the 
protected 
market; 2024: 
start of the 
capacity market 

None 

Possibility to 
contract 
different 
Capacities 
Unification of 
domestic access 
tariff to T2.D 
3 Time periods 
will become 
standard 

Annual flat 
network tariff 
charge replaced 
by capacity 
charge for all 
residential 
consumers 

Changes to net 
metering 
More variable 
volumetric 
charge 
introduction 
capacity tariff  

More cost-
reflective tariffs 
are ambitioned, 
yet more smart 
meters needed 

More dynamic 
and market-
based control, 
replace fixed 
component with 
capacity tariff 

4 time periods 
will become 
standard 

Shift to more 
volumetric 
capacity-based 
tariff that 
reflects grid 
state 
Subscription 
capacity model 
Non-firm 
dynamic grid 
access 

Shift to use-
based capacity 
ǘŀǊƛŦŦ όϵκƪ²ύ 
Phase out net-
metering 
Time-varying 
tariffs 
Introduce 
market-based 
mechanisms 
based on DSO 
tenders for flex. 
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As the table shows, most countries include some sort of TOU pricing or tariff structure such as day-night 

pricing. This is very common in Europe. Yet, Table 4 also shows that dynamic real-time pricing or 

approximations of dynamic pricing that have a lower price volatility (such as CPP, or monthly average 

wholesale prices) are also quite frequently available. However, these pricing structures mostly occur on an 

energy pricing level and are not frequently applied to network tariffs. 

To give some concrete examples regarding the implementation of dynamic pricing in different countries, 

we will give some examples below: 

¶ Finland: in Finland, approximately 10% of the consumers opt for a dynamic tariff. This tariff is based 

on the Nord Pool spot price ŀƴŘ ǘƘǳǎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀƴ ƘƻǳǊƭȅ ǇǊƛŎŜΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ ǊŜǘŀƛƭŜǊΩǎ ǇǊŜƳƛǳƳ 

and a typical monthly fixed fee. Customers can see these prices through a website where they are 

published each day around at 2 pm for the next 24h. Consumption is charged per hour, which is 

possible as all Finish consumers have hourly metering, (EURELECTRIC, 2017). 

¶ Estonia: in Estonia, as well, the roll-out of smart meters has been linked to an increase in the 

number of spot agreements that energy suppliers offer to their clients. There are different packages 

that could be split up into combined packages and exchange packages. In exchange packages the 

electricity price depends entirely on the exchange price of electricity. The risk of price fluctuations 

is entirely for the consumerΦ Lƴ άŎƻƳōƛƴŜŘ ǇŀŎƪŀƎŜǎέΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜ ŘŜǇŜƴŘǎ only partly on 

the electricity price on the exchange market. The energy supplier / retailer also charges in part a 

sort of a fixed tariff so that price changes on the power exchange only minimally influence the 

electricity bill, (EURELECTRIC, 2017). 

¶ Sweden: in Sweden, hourly contracts are already available on the market since late 2012, (CEER, 

2019). By the end of 2016, one third of the Swedish suppliers offered such contract to their 

consumers. Originally, in Sweden, by 2009, the smart meter roll-out was already completed with 

regard to monthly measuring meters. As a result, Swedish consumers are used to have monthly 

variable price contracts. Such monthly prices were based on the average monthly spot price 

adjusted for different consumption profiles. Consumer energy contracts must specify how such 

consumption profile is determined. With the new hourly contracts, suppliers publish the hourly spot 

price at noon each day for the next day. hƴ ǘƻǇ ƻŦ ǘƘŀǘΣ ŎƻƴǎǳƳŜǊǎ ŀƭǎƻ Ǉŀȅ ŀ ǎǳǇǇƭƛŜǊΩǎ ƳŀǊƪ-up 

and additional fixed costs and taxes as described in the contract, (CEER, 2019). Often, this supplier 

mark-up is lower in dynamic contracts, then in contracts with fixed prices. 

¶ Norway: in Norway, already in 2017, about 65% of the electricity delivered is based on dynamic 

pricing based on spot pricing. As in Estonia, there are different models for dynamic pricing that 

hedge more or less price risks for consumers. Some examples are average monthly spot prices, 

average short prices for shorter periods, or dynamic prices that are not only based on sport prices 

but also on weekly and monthly contracts (future markets), (EURELECTRIC, 2017). Next to spot-

based contracts, Norway also has variable and fixed price contracts. The later only takes up 2% of 

the market, while variable price contracts take up about 25% of the market. The price of variable 

ǇǊƛŎŜ ŎƻƴǘǊŀŎǘǎ Ŏŀƴ ōŜ ŎƘŀƴƎŜŘ ǿƛǘƘ ǘǿƻ ǿŜŜƪǎΩ ƴƻǘƛŎŜ, (CEER, 2019).  



 

38 | 109  

D1.2 

 

4.2.5 EXPECTED TARIFF CHANGES 

From the previous discussion and Table 4, it could be derived that dynamic components are not yet 

available in pricing and tariff structures in most member states. For the commodity energy component, this 

will, however, change because the recast of the Electricity Directive states in Article 11 (1) that άMember 

States shall ensure that the national regulatory framework enables suppliers to offer dynamic electricity 

price contracts. Member States shall ensure that final customers who have a smart meter installed can 

request to conclude a dynamic electricity price contract with at least one supplier and with every supplier 

that has more than 200.000 final customersέ.  

Such dynamic electricity pricing contracts only reflect the price variation of the commodity energy 

component at the spot markets (including day ahead and intraday markets). This should be done at 

intervals that equal at least the market settlement frequency (Article 2 (15)).  

In the nearby future, dynamic electricity pricing will therefore become more common than today is the 

case. In principle, within dynamic electricity pricing contracts, the price per kilowatt-hour of electricity is 

defined by the wholesale market. Yet, the supplier is allowed to add additional costs for handling 

ƛƳōŀƭŀƴŎŜǎΣ ōƛƭƭƛƴƎ ŀƴŘ ƻǘƘŜǊ ǎŜǊǾƛŎŜǎΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƴ άŀŘŘ-ƻƴέ ǘƻ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜ, (CEER, 

2020b). This add-on can be charged per kilowatt-hour or as a fixed sum. 

As stated by Article 2 of the recast of the Electricity Directive, dynamic prices should reflect price variation 

in the spot markets. However, it is expected that many dynamic pricing contracts will refer to the day-ahead 

market prices as these prices are published one day before delivery. This will make it is easier to 

communicate to the consumer and will allow the consumer to plan its consumption in advance. In case 

intra-day prices would be used, prices would need to be set on a constant and more continuous basis which 

makes it more complex and harder to implement, (CEER, 2020b). 

(CEER, 2020b) also highlights that the Commission is not explicit with regard to the need of including price 

ceilings or floors to protect consumers or producers. They recommend, however, that such ceilings and/or 

floors are not installed as they reduce the pricing signals which are meant to be achieved through dynamic 

pricing. However, to a certain extent, extreme price fluctuations might not be accepted and in that case, 

suppliers could offer alternative contracts that limit this price volatility, for instance price caps while adding 

a hedging cost, (CEER, 2020b).  

A significant difference with fixed pricing contract is also that consumers do not know electricity prices in 

advance. As such, suppliers need to disclose the exact pricing formula. All parameters used in the formula 

should transparently be made available in due time. Consumers should also be made aware about all the 

costs, risks and opportunities of dynamic price contracts and should give their consent before switch 

contracts.  
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4.2.6 ACTORS AND ROLES IN DIFFERENT IMPLICIT DEMAND RESPONSE BUSINESS 

MODELS 

Within implicit demand response models there are three important actors. The foremost important actor 

is the consumer who has the ability to adapt its behaviour to the different price and tariff incentives 

explained above and who is responding to the different incentives to optimize his electricity invoice. In 

doing so, the consumer is in direct control and does not need to inform the energy supplier or other actors. 

The consumer, however, will not adapt its behaviour if it does not receive enough incentives to adapt its 

behaviour. Incentives can be given at the level of energy prices, and network tariffs. Energy prices are set 

by the energy supplier / retailer who can set up a package with more variable/dynamic energy prices that 

fluctuate over time.  

Depending on the role that consumers and energy suppliers take up, the price risk is transferred to one or 

the other actor. In case of the standard flat rate energy tariffs, it is the energy supplier who is exposed to 

wholesale price variations. For instance, if his forecasted power demand is higher than expected, the energy 

supplier must buy additional power at the spot market, potentially at a higher cost. Energy suppliers / 

retailers do hedge this risk in the sense that they charge a risk premium to consumers. When an energy 

supplier / retailer moves to more dynamic / real-time prices, the energy supplier has a lower risk on price 

variations and therefore can decrease the risk premium. Nevertheless, this implies that customer takes up 

more risks, (Boeve et al., 2018). 

When dynamic energy tariffs become more mainstream, the European Commission states in Article 11(2) 

that: άMember States shall ensure that final customers are fully informed by the suppliers of the 

opportunities, costs and risks of such dynamic electricity price contracts, and shall ensure that suppliers are 

required to provide information to the final customer accordingly, including with regard to the need to have 

an adequate electricity meter installedΧέ. When energy suppliers thus offer dynamic pricing contracts, they 

must ensure consumers have all necessary information. Generally, it is also recommended that billing 

information should be provided on a more frequent basis, at least monthly. The supplier most ensure that 

the consumer has access to data repository and adequate reporting tools so that he/she is able to analyse 

his/her consumption and so that he/she can see the price at all the different time intervals, (CEER, 2020b). 

The reason why proper communication towards and protection of the consumer is needed is that 

consumers that are exposed to dynamic tariffs could be penalised if they do not adapt their consumption 

patterns accordingly. This is not the case for explicit demand response where consumers would merely miss 

out a direct payment, (SEDC, 2015). 

Network tariff incentives are in general set by the regulator, however, in some countries individual DSOs 

might also be allowed to set specific tariffs. Regulators in general also ensure that awareness for demand 

response and necessary regulations are in place to protect all actors. With regard to dynamic retail pricing, 

ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴ ǎǘŀǘŜǎ ƛƴ !ǊǘƛŎƭŜ ммόнύ ŀƭǎƻ ǘƘŀǘ άRegulatory authorities shall monitor the market 

developments and assess the risks that the new products and services may entail and deal with abusive 

practicesΦέ 
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It should be noted that in case network tariffs also become more dynamic, it is plausible that also the energy 

supplier / retailer is responsible for ensuring that this is done in an administratively correct way and has to 

make sure that consumers have access to all the needed data.  

Finally, the settlement (that is the determination of demand reductions and the corresponding payments) 

is done based on the measured consumption of the building. Consumers are then settled by multiplying 

the spot price with their actual measured consumption (CEER, 2019). To do this properly, consumers need 

proper measurement equipment that can record consumption and injection at a proper granularity level 

(on an hourly or quarter hourly basis). Figure 6 gives an overview of the roll out of electricity smart meters 

in the European Union. It shows that by 2025, most countries will have rolled out the smart meters with at 

least 80% of their consumers. Only a minority of countries (like Belgium, Germany, Poland, /ǊƻŀǘƛŀΧύ will 

not have reached such high levels of smart meter roll out by that time period, (Tractebel engie, 2019). For 

consumers that do not have smart meters, it is possible that the hourly price is charged to the consumer 

via consumption profiles (CEER, 2019). In case there are issues with reading consumption data from the 

meter, standardised consumption profiles can also be used in case of technical problems. The stakeholder 

responsible for the roll out of the smart meters (often the DSO) and the stakeholders who take the decision 

regarding the timing of the roll out (regulators, policymakers) therefore need to ensure that all consumers 

have adapted measurement equipment if one wants to implement more time-dependent tariffs and prices. 

As will be the core of chapter 5, in the future, DR will become part of EPC-contracts. In that case, ESCOs will 

also become a major actor. This will be discussed in chapter 5. 
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Figure 6 - Overview of Smart Meter Rollout of electricity smart meters with at least 80% of all consumers (source: 

(Tractebel engie, 2019)). 

 

4.3 EXPLICIT DEMAND RESPONSE 
Explicit demand response implies that demand-side resources are traded in wholesale markets (day-ahead, 

intraday and markets for ancillary services). Consumers can offer their services individually or through an 

aggregator. 

 

4.3.1 FLEXIBILITY REQUESTERS & PRODUCTS 

Key flexibility requesters in our electricity system are the system operators and the BRPs. They each have 

specific responsibilities for which they are in need of flexibility. They can obtain this flexibility through 

different flexibility services that are offered to them in the form of specific products by flexibility providers.  

There are many ways to categorize these flexibility services and products. Different authors take different 

approaches. For instance, Directive 2019/944 (Article 2(48)) defines an ancillary service as such that it does 

not include congestion management, while the TSO-DSO report on active system management by (Brazier 

et al., 2019) does mention congestion management as part of ancillary services. For the purpose of this 

discussion, we group them based on the different business models that could flow out of them. In doing 
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so, we took inspiration from (Delnooz et al., 2019; Hillberg et al., 2019; Vallés et al., 2016; van der Veen et 

al., 2018). In Table 5, we give an overview of the five categories of flexibility services that can be delivered 

to the different flexibility requesters. 

First of all, there are the Balancing grid services (TSO): Energy balancing implies that system frequency 

needs to stay within a predefined stability range. If the balance between demand and supply cannot be 

maintained, this might lead to voltage fluctuations, power supply failure, etc.. Energy balancing is primarily 

the need of the TSO in case BRPs did not manage to avoid imbalances. If there remains an imbalance on 

the cumulative energy portfolio across all relevant BRPs, the grid operators have access to balancing 

services (FCR ς Frequency containment reserves, FRR ς Frequency restoration reserves, RR ς Replacement 

reserves) to resolve the imbalances (ancillary services). The TSO buys these different reserve products on 

the balancing market. DR can contribute to this with the promise to reduce peak demand on the network 

where necessary.  

Secondly, there are services for Safe grid operation (TSO & DSO): apart from its balancing responsibility, 

the TSO also needs to ensure a safe grid operation. In this regard, TSOs have access to ancillary services 

όǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭΣ ŎƻƴƎŜǎǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘΣ ōƭŀŎƪ ǎǘŀǊǘΧύΦ !ǎ 5w ŎƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ǊŜǎǇƻƴŘ ƛƴ ǾŜǊȅ ǎƘƻǊǘ ǘƛƳŜ 

frames, balancing markets in which these grid services are offered, are relevant for DR. With higher levels 

of DER, distribution grids are also facing more challenges with regard to guaranteeing safe grid operation 

and managing grid constraints. As with ancillary services for TSOs, DR could also offer grid services to DSOs. 

Thirdly, there are services for Adequacy support (TSO & BRP): such services aim to ensure that security of 

supply is guaranteed by reserving enough capacity in different time frames. This is mostly important for the 

TSO, yet in some countries (like France) regulation might obliged the BRP to be responsible for adequacy 

support as well.  

Fourthly, one can trade on the wholesale markets (BRP). This implies that market players can offer and sell 

demand response actions on electricity markets (future markets (although most likely less applicable for 

DR), day ahead markets (DAM) and intraday markets (IM)). The DAM offers standardized products to sell 

and purchase electricity that is supposed to be delivered the day after. The IM also has standardized 

products to sell and purchase electricity until shortly before delivery. The later market therefore helps to 

correct for differences between real-time and predictions. Future markets are contracted months, to years, 

to multiple years before delivery and trade contracts for baseload power. If one wants to trade on this type 

of stock exchange markets, it is required to take up the role of a BRP which will then consolidate generation 

and consumption in one virtual group that he needs to balance (a portfolio).  

Fifthly, one can provide services to help the BRP with its Portfolio management: a market participant could 

offer balancing services to a balancing responsible party (BRP). Each BRP is responsible for a portfolio of 

access points and he must ensure a balance between injection, offtake and commercial power trades within 

its own portfolio. If the BRP incurs an imbalance on a quarter-hourly basis, he is subject to imbalance tariffs. 

Different balancing options exist to manage a portfolio and DR could be one option as BRPs are aiming to 
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have a variety of electricity products and resources in their portfolio to spread out balancing risks. DR could 

be used in day-ahead and in real-time portfolio management of the BRP. DR flexibility could be used to 

optimize the day-ahead scheduling of production and consumption or it could be assessed in real-time 

when there are deviations from the original scheduling.  

Broadly spoken, there are balancing services for TSOs, grid services for TSOs and DSOs, and more 

commercial services by and for BRPs (or energy suppliers if they take up the role of a BRP). 

 



 

44 | 109  

D1.2 

Table 5 - Explicit DR flexibility services 

What? Products To whom? Where? How? 

Balancing 
(Frequency Control 
Ancillary Services) 

¶ FFR 

¶ FCR 

¶ Automatic FRR 

¶ Manual FRR 

¶ RR 

TSO Balancing markets 

Safe grid operation 
(Network control & 
System Restart) 

¶ Voltage Support  

(steady state reactive, dynamic reactive and active 

power) 

¶ Black start Support 

¶ Island Operation  

(see products for balancing and voltage control) 

¶ Inertial response 

¶ Congestion management  

(reserved and non-reserved) 

¶ Grid capacity management 

DSO & TSO Different DSO & TSO 
procurement markets 

Adequacy support ¶ Strategic reserves 

¶ Capacity payments 

TSO & BRP National capacity markets 

Trade on wholesale 
markets 

¶ Long-term future markets 

¶ Short-term markets 

BRP Wholesale markets 

Portfolio management ¶ BRP products BRP  BRP/supplier trading platform 
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4.3.2 MARKET ACCESS AND PRODUCT REQUIREMENTS 

The products summarized in the previous section, are products that flexibility providers can offer in 

different markets (such as balancing markets). However, as discussed in Deliverable 1.1, not in all countries 

demand-side resources are allowed to participate in such markets. In some countries, load participation is 

allowed, but not aggregated loads. This would imply that only large industrial consumers can access these 

markets (SEDC, 2017). It is therefore important that aggregated loads are allowed. The role of 

(independent) aggregators will therefore be important in facilitating explicit demand response. We will 

zoom in on this in section 0. 

Next to market access, flexibility providers that aim to offer their flexibility through specific products also 

need to fulfil specific product requirements. Yet, as stated by (SEDC, 2017) much of these requirements 

block demand-side resources: άCƻǊ ŜȄŀƳǇƭŜΣ ŀ ǎȅǎǘŜƳΩǎ ǇƘȅǎƛŎŀƭ ƴŜŜŘ ŦƻǊ ǊŜǎŜǊǾŜǎ ǘȅǇƛŎŀƭƭȅ ǊŜǉǳires the 

resource to be available for between 30 minutes - 2 hours. However, the market participation requirements 

for some reserve markets may state that load must be available up to 12 hours and up to 60 hours over the 

weekend (p.33)έ. Many product requirements are still oriented towards old coal-fired generation plants 

and therefore pose problems for demand-side resources. Figure 7 gives some example of (SEDC, 2017) 

where they give some of the most important issues with regard to product requirements. 

 

¶ Over-sized minimum bids: a consumer or aggregator may need to provide up to 50 MW to 

participate ς rather than the more standard 1 MW.  

¶ Extended duration or availability requirements: some demand-side resources may not be 

available for extended periods of time or would present different availability 

characteristics from generation (difference between weekdays/weekend, business 

hours/night hours, etc.).  

¶ Too frequent activations/short recovery periods: this is done when a TSO does not want 

to have to make multiple calls for resources but prefers to make a single call and then have 

the resources available. This is convenient for the TSO but reduces the ability of a range of 

resources ς including demand and renewable resources ς to participate.  

¶ Symmetric bids: few consumers can increase and decrease consumption equally. A 

requirement for symmetrical bids acts as a significant market barrier to consumer 

participation. In Member States where the TSO is willing to enable Demand Response, 

asymmetrical bids are allowed. 

Figure 7 - Examples of blocking product requirements (Source: SEDC (2017)) 
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4.3.3 AGGREGATOR  

An important point for explicit demand response is that demand-side resources could be traded either 

individually or aggregated. In the latter case, independent aggregators, or the consumersΩ ǊŜǘŀƛƭŜǊs can be 

addressed to perform the aggregation (SEDC, 2017). Most consumers who want to valorise their flexibility 

do not have the means and the knowledge to do this directly via energy markets and therefore make use 

of an aggregator (Bertoldi et al., 2016). An aggregator creates one large pool with all smaller resources 

combined and sells it as a single resource (SEDC, 2017). By doing so, they can ensure that smaller consumer 

loads do have access to such markets. Apart from merely ensuring access to markets, the role of an 

aggregator encompasses a number of important competencies, ranging from experience in identifying 

flexibilities in different industries, understanding the limitations of such flexibilities, estimating customer 

flexibilities potential (as they might not know this themselves), and aggregators need the technical 

capability to physically connect consumers to integrated their load into their aggregated pool (SEDC, 2015). 

As visualized by Figure 8 of USEF (van der Veen et al., 2018), the aggregator facilitates flexibility provision 

from prosumers to flexibility requesters. 

Figure 8 - The aggregator as an intermediate facilitating party between the prosumer and the BRP/TSO/DSO 

(Source: (van der Veen et al., 2018) ς USEF) 

 
The role of the aggregator can be taken up by the consumer retailer. However, this actor may have a 

potential conflict of interest (they may earn a large part of the annual reviews when prices are high) and 

might not be specialised enough (European Smart Grids Task Force Expert Group 3, 2019). As a result, the 

introduction of independent aggregators to markets is important. Competition between aggregators will 

also imply that DR becomes more interesting for consumers and this is necessary to make sure consumers 

are willing to behave flexibly, (SEDC, 2017). 
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4.3.4 ACTORS AND ROLES IN DIFFERENT EXPLICIT DEMAND RESPONSE BUSINESS 

MODELS 

Unlike implicit DR, explicit DR requires more actors to be involved. The involved actors also take up different 

roles and responsibilities. (Zheng Ma et al., 2017) 

First of all, the consumer is not anymore in direct control. It offers its demand profile to an aggregator who 

can then make sure that the consumer has access to flexibility markets. In case the consumer is very large, 

it can provide its flexibility direct to the correct markets without a third party being involved. 

An aggregator thus makes sure that multiple consumers get access to markets by giving them attractive 

incentives to offer their flexibility. As such, the aggregator creates a pool of flexibility resources, which it 

can offer to BRPs and network operators. An aggregator can offer ancillary services to TSOs, congestion 

management services to DSOs, help BRPs to balance their portfolio (see Table 5). The role of suppliers is 

smaller in this case, as they could take up the role of aggregator for their consumers. For most consumers, 

the link with BRPs and network operators remains invisible as they are only in direct contact with the 

aggregator. The role of the aggregator is discussed in more detail in previous sections. 

Finally, as was also the case in case of implicit DR, a regulator needs to ensure proper regulation is in place 

for all actors. In chapter 5, we discuss in more detail the potential new role of ESCOs in offering explicit DR. 

 

4.3.5 FLEXIBILITY MARKET REQUIREMENTS AND REVENUE SHARING MODELS 

Unlike implicit demand response, (where there is no obligation to deliver flexibility) in case of explicit 

demand response there is the need to quantify how much flexibility has been delivered. (European Smart 

Grids Task Force Expert Group 3, 2019) Quantifying flexibility is not always straightforward, and to do so, 

different steps and requirements are needed. Below an overview is given of some important issues that are 

to be taken into account. 

¶ Contract: first of all, consumers need to sign a contract or agreement with an aggregator. In case 

the consumer wants to make use of the services of an aggregator, the aggregator will set up some 

sort of aggregator contract. Based on this contract, the aggregator receives the right to temporarily 

change the energy consumption of a consumer when there is a need for it (that is, when electricity 

prices are favourable) (BEUC, 2019) or through the contract the consumer commits upfront to alter 

its load himself within pre-defined boundary conditions (Van Ginkel et al., 2018). Such contracts 

also specify agreed flexibility requirements between the prosumer and the aggregator and the 

remuneration model. The contract itself will differ among different countries due to differences in 

regulation, in customer segments as well as in requirements for flexibility products (USEF, 2016). 

The contract also specifies how the settlement takes place. 

¶ Plan: once a contract is signed, the aggregator makes flexibility forecasts for its portfolio of clients 

for the next day. The aggregator will compare how much flexibility is needed and how much 

flexibility can be offered with its portfolio. 
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¶ Measurement and communication: clear measurement standards and/or requirements are 

needed in order to properly collect consumption data. This is especially the case when an 

aggregator communicates with a system operator on behalf of a pool of loads, but also when an 

aggregator wants to verify how much flexibility a prosumer has delivered. Measurement and 

communication protocols should therefore not only count for individual consumers, but also allow 

an aggregator to combine data from its customers. (SEDC, 2017) 

¶ Prequalification: apart from the measurement of the delivered flexibility itself, it is also important 

that prequalification protocols are clearly defined. As with measurement of flexibility, these should 

also be allowed to take place at the aggregated level. As such, there is no additional administrative 

and measurement burden on individual consumers given the fact that the aggregator can take up 

this task. (Bertoldi et al., 2016) 

¶ Verification: after the flexibility has been used, it is necessary to verify if this flexibility has indeed 

been delivered properly by the prosumer and to determine how much flexibility has been delivered. 

To do so, there needs to be a way to quantify flexibility from demand-side resources. There is a 

large difference between generation as resources and load changes from demand. As stated by 

(Goldberg & Agnew, 2013)Υ άIt is not possible to meter or otherwise directly observe load reductionsέ 

(p. 14). This is done by comparing the actual measured consumption during a specific time period, 

with a baseline (that is the volume that the consumers normally consume). This baseline should 

determine properly what a consumer would have consumed in the absence of demand response 

(Rossetto, 2018). The difference is the delivered flexibility. The challenge in determining this 

flexibility lays in determining a proper baseline. Without the baseline, it would not be possible to 

verify the performance of the flexibility provider. Yet, estimating energy consumption depends on 

numerous factors such as weather, seasons, holidays, production schedules... A proper 

methodology takes all of this into account as accurately as possible, yet accuracy is not the only 

important criteria: the baseline also needs to be easily and rapidly calculatable, so that a flexibility 

provider can understand in real time if he is complying the obligations that he aims to commit to 

(Rossetto, 2018). Different methodologies exist to determine such a baseline, and each of them 

have their weak and strong points. It should be noted that some methodologies act well for the 

verification of one service, but not for another service. Most likely there is therefore no one-size-

fits-all solutions as depending on the service delivered, different criteria (event duration, timing, 

frequency...) have to be taken into account. The methodologies also need to be very transparent to 

ensure that flexibility providers trust the methodology to be accurate. (SEDC, 2017) 

As explained by (Rossetto, 2018), there are 5 baseline methodologies defined by NAESB (See Figure 9). Each 

of these methodologies have different variations. This deliverable will therefore not discuss all different 

baseline options, yet according to (Rossetto, 2018) BT-I methodologies are the most commonly adopted 

for demand reductions on energy markets, MBL methodologies are more common for capacity 

commitments, MBMA methodologies are common for ancillary services and MGO methodologies are used 

for on-site generation units. A general conclusion regarding baseline methodologies therefore is that the 
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proper baseline should take into account the specific characteristics of the flexibility service delivered 

(Rossetto, 2018).  

¶ aŀȄƛƳǳƳ .ŀǎŜ [ƻŀŘ όa.[ύΥ άŀ ǇŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ōŀǎŜŘ ǎƻƭŜƭȅ ƻƴ ŀ ŘŜƳŀƴŘ  

ǊŜǎƻǳǊŎŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŘǳŎŜ ǘƻ ŀ ǎǇŜŎƛŦƛŜŘ ƭŜǾŜƭ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ƛts 

ŜƭŜŎǘǊƛŎƛǘȅ  ŎƻƴǎǳƳǇǘƛƻƴ ƻǊ ŘŜƳŀƴŘ ŀǘ ŘŜǇƭƻȅƳŜƴǘέ. 

¶ aŜǘŜǊ .ŜŦƻǊŜ κ aŜǘŜǊ ŀŦǘŜǊ όa.a!ύΥ άŀ ǇŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ǿƘŜǊŜ ŜƭŜŎǘǊƛŎƛǘȅ   

demand over a prescribed period of time prior to deployment is compared to similar 

readings  during the sustained ǊŜǎǇƻƴǎŜ ǇŜǊƛƻŘέ. 

¶ Baseline Type-I (BT-LύΥ άŀ ǇŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ōŀǎŜŘ ƻƴ ŀ ŘŜƳŀƴŘ ǊŜǎƻǳǊŎŜΩǎ  

historical interval meter data which may also include other variables such as weather and 

ŎŀƭŜƴŘŀǊ Řŀǘŀέ. 

¶ Baseline Type-II (BT-LLύΥ άŀ ǇŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭuation method that uses statistical sampling 

to estimate the electricity consumption of an aggregated demand resource where interval 

ƳŜǘŜǊƛƴƎ  ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ŜƴǘƛǊŜ ǇƻǇǳƭŀǘƛƻƴέ. 

¶ Metering Generator Output (MGO) or  Behind-the-aŜǘŜǊ DŜƴŜǊŀǘƛƻƴΥ άŀ Ǉerformance 

evaluation method, used when a generation asset is located behind the demand 

ǊŜǎƻǳǊŎŜΩǎ ǊŜǾŜƴǳŜ meter, in which the demand reduction value is based on the output of 

the generation asset. 

Figure 9 - Common baseline methodologies (Source: p4 (Rossetto, 2018)) 

¶ Settlement: finally, there needs to be a settlement of delivered flexibility. This implies that markets 

should pay for the flexibility provided. The payment criteria should be open and transparent to all 

stakeholders and similar services should be remunerated equally independent of the flexibility 

source (Bertoldi et al., 2016). In case of non-compliance, penalties should also be clearly defined 

without prioritizing one resource over another one (Bertoldi et al., 2016). Explicit demand response 

sources could benefit from two types of remunerations: on the one hand there are remunerations 

for activation of the DR flexibility (utilization), on the other hand, there might be remunerations for 

the availability of DR flexibility (capacity / reserve) independent of whether this flexibility is indeed 

activated. This is different for implicit demand response where there is no distinction between 

availability and activation. Remuneration for DR availability is arranged through long-term 

(capacity) or short-term (reserve) markets. (Pototschnig, 2017) When explicit demand response is 

offered to a market through an aggregator, it is also important to be aware of the revenue sharing 

model of the aggregator. An aggregator could for instance receive a fixed percentage of all revenues 

in the pool. The remaining revenues could then we shared over all units in the pool. This can be 

done based on a predetermined fixed price. Or, capacity revenues could be distributed among all 

units according to their effective average availability, energy revenues could be shared based on 

the marginal cost of the units in the pool (merit-order). These are just some examples of aggregator 

revenue sharing models. Different options exist and depend from aggregator to aggregator. 
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4.3.6 CHALLENGES TO PROVIDE EXPLICIT DEMAND RESPONSE 

As indicated in this and the previous deliverables, there is still a significant amount of challenges for explicit 

demand response. 

We already indicated that market access and product requirements are one major barrier for demand-side 
resources. In some countries they simply cannot access wholesale or flexibility markets. A second issue is 
that when they are allowed to enter, the product requirements are sometimes so stringent, that they 
cannot fulfil them. A solution to both of these issues could be to access the markets through aggregators 
who then could access markets through aggregated loads. However, in some countries aggregated loads or 
independent aggregators are not allowed. (SEDC, 2017) 
The H2020 EU-Sysflex project is looking in more detail to the issues of product requirements. It aims to look 

at the new needs that the electricity system is having due to the increasing levels of distributed energy 

sources. Based on these needs, it aims to identify new types of services and adapted product requirements. 

In the Figure 10, EU-Sysflex highlights for renewable energy sources that there is a large amount of capacity 

installed that could be used on for instance balancing markets (Poncelet et al., 2020; Willeghems et al., 

2020). Yet, due to the product requirements, only a very small percentage of this is eventually procured. It 

shows that the offered capacity increases depending on whether procurement occurs on a daily basis or 

not, and it shows that there are for instance seasonal differences. Although Figure 10 is not focusing on 

demand response technologies, it shows that by taking into account multiple factors (such as the 

temporality of the product), product requirements could be made more technology neutral. This will 

increase the capacity available on different flexibility markets. 

 

Figure 10 - Offered capacity in relation to procurement cycle, compared to installed capacity (source (Poncelet et 

al., 2020; Willeghems et al., 2020)) 
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(European Smart Grids Task Force Expert Group 3, 2019) also highlights that when it comes to product 

requirements, products should contain more locational information. Such information becomes more 

important for grids when they come to services like congestion management. 

In general, there is also a significant lack of standardisation across different countries which implies that 

technology providers have different technology requirements in different countries. For each market, they 

would have to adapt their devices and systems. This is expensive or it might not be worth doing so, implying 

that not all customers have access to the same technologies to be able to offer their services. (European 

Smart Grids Task Force Expert Group 3, 2019) Differences in technology requirements are also not 

convenient with regard to data access and data sharing. The latter is also complicated due to GDPR 

regulations. (European Smart Grids Task Force Expert Group 3, 2019) also points out that measuring at the 

connection point is not always the most optimal measuring point, and that the usage of sub-meters 

(potentially even embedded in specific appliances) could be useful. However, this is not always supported 

by the regulatory framework. In addition, for some countries, roll out of smart meters is going slow. 

In many countries, there is also a lack of framework for demand side response providers. Proper 

remuneration systems exist often for generation, but not for demand side resources. Financial incentives 

are thus often lacking. In addition, there is no appropriate methodology for determining the baseline, nor 

are there always clear allocations of energy volumes with regard to the balance responsibility. To be able 

to work with independent aggregators, a Transfer of Energy framework is required that allows the 

procurement of flexibility at connection points in the low voltage grid via independent aggregators. 

Another challenge is that consumers can participate both in implicit and explicit demand response at the 

same time. In that case it is important to verify and avoid conflicts on remuneration and accounting of 

energy flows when the consumers have two contracts. (European Smart Grids Task Force Expert Group 3, 

2019) (USEF, 2016) illustrates this in Figure 11. Proper baseline methodologies therefore need to be able 

to separate the impacts of implicit and explicit demand response. It should be noted that we discussed 

challenges on baseline methodologies already earlier in this report. 
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Figure 11 - implicit and explicit demand response with separate contracts (source (USEF, 2016)) 

 
The challenges previously indicated are for demand response technologies in general. However, in the 

context of the AmBIENCe project is relevant to mention that there are specific challenges related to 

buildings providing demand response: buildings are more diverse and heterogeneous than general demand 

response technologies. In addition, a building consists of different technologies, can have different 

occupancy rates which influence its consumption, and lack standards given the facts that buildings are built 

in different time periods.  

  
















































































































