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EXECUTIVE SUMMARY

The AmBIENCe projegimsto develop an Active lalding Energy Performance Contracting (AEPC) model,
enhancing the classical Energy Performance Contracting (EPC) model by valorising Demand Response (
or flexibility potential in buildings. Thistypically facilitated by a higher degree of electafion of heat
demand in combination with dynamic tariffs.

The purpose of this report (Deliverable D1.2) ism@alyse the actors, roles and business models related to
extended EPC Bsiness models anthe use of flexility at the demandside form buildingsTo doso, we
start from existingflexibility DR business modejshapter 4) and we examine how they could be (and if
they are already) integrated with existing EPC business m¢cledgter 5 and 6)Methodology wise we
performed a literature studyon the individual topics of EPC concepts and DR serviodswed by
stakeholder interviews to better understand how both of them are already integrated

More specifically, in thehapter 3 we look at Flexibility/DR Services in buildings. In particular weliate
ananswer to thequestian: Why are building flexibility services need@dhe main reasons for the building
owner are increasing setionsumption and for the network operators it is grid congestion management,
grid balancing and infrastructure inwesent optimization. We look at different types a¥ailable flexibility
corresponding to different electrical installations in HVAC. Alsouseeof that flexpility was analysed and
we identify various common ways to modify the load profile. Speptiltical, technical or behavioural
barriers for DR in buildings remaim place Chapter 3 shows that buildings have flexibility available and
that they couldperform DR under the right conditions.

In chapter 4we identify various Flexibility/DR Businessdéts, 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 whel
delivering both DR and Energy Efficiency (EE) senkoeghe specific business modglge 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, aealyse different retail and tariff componentsompare
(dis)advantages and zoom in on certain countriesée how price and tariff practices tend to differ from

one member state to the otherFor explicit DR,it seems that business models are drivbg the
requirementsof Flexibility Requesters (typically TSOs, DSOs and Balancing Responsibility Parties or BRF
We identifiedfive main explicit DR services, each with several products and looked at what the product
requirements are, as well as what markatcess conditions araVe examinedthe key role of the
aggregator as an intermediary party between the prosumer and the TSO/DSO/BRP in explicit DR and
general the role of different actors in the explicit DR business makelillustrate these models, we
identified several examples of applications in buildings and selected 8 cases that are somewha
representative of the various business models that we researcGldpter 4 proves that currently there

are already numerous business models availableO&;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 m
and its various types orariations inChapter 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/gdarded at the

two most common savings models: guaranteed savings and shared savohdg®arthey differ before
analysing the different most common types of EPC, that differ either by scope of services, ambition level o
performance approach. We performed a comparison of the common use of these different types of EPC fo
several EU countrieend 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 ®BPC and AEPC modapter 5 shows that
numerous EPC models are wedled in different countries, yet that only a minority of them integrates
flexibility and DRservicesNevertheless, the different types of EP&hbe the basis for AEPC models.

To compement this extensive literature studiyy chapter § we conducted stakeholder interviews from flex
providers and flex requesters, to enrich the first part with findings from pracfldes allows us to
understand howEnergy Service Compani@&sSCQsn paticular make use of active control and which
potential their current practices offer in terms of adding flexibilltyalso allows us to understand the type
of requirements that DSOs/TSOs would have on flexibility provided by buildingsnterviews cofirmed

the results from chapter By indicaing that AEPC is currently not yet widely usdudit also that Flex
Requesters are keen on drfiing DR in Buildings, in particular if it comes with a high degree of reliability.

In conclusion, the reporprovesthat demand response and EPC are often offered separately from one
another and are not integrated yeHowever,it provides significant evidence that an AEPC model makes
sense to the extentHat it can exploit energy efficiency measures, in particulduding electrification of
heat productionin combination with building insulation, while adding active controfatoriseflexibility in
buildings.It also show how Flex Requesters are interested in using that flexibility in buildiftys.offers
new business opportunitiedo ESCOs, that we will continue to explore in the other activities of the
AmBIENCe project.
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1. INTRODUCTION AND BKAEROUND DELIVERABLE

1.1 CONTEXRCTIVE BUILDING HREPC) CONCERND GOALS OF

AMBIENCE
Buildings are responsible for approximately 40% of energy consumption andf36@ emissions in the
9dzNRB LISHY ! yA2Yy 069! 0d 9ySNH& STTFAOASY OgcondinptdmizNG 3
indoor environmental quality and environmental performance by taking advantage of the available
technologies, without compromisg the comfort and welbeing of users. Besides lowering energy use,
using energy in a smarter manng.g. using local and/or renewable energy sources (REE]Jlexibility
and storagg¢is a complementary approach to reduce buildings emissions. Developimgmart energy
services that utilise flexibility from demarside resources in different sectors is essential to fully unlock
the potential of buildings towards energy and cost savings, ande@@sions reduction, while ultimately
meeting climate goalsThe 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 reduce
investment, coupled to renovating the existing building stock.

Erergy Performance Contracting (EPC) schemes are an effective means to provide energy efficiency servic
that can bring added value to the whole value chaimd contribute to the empowerment of energy end
users through innovative products and services ateby 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 barrie
facing EPCs, there are sevefairopean 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, the
are still several challenges facing the ESCO mafkgdically,investments that esult in a meaningful
emission reduction are high and show poor economic and financia{&gIpayback time of well over 40

year and more).Therefore, EPCs are mostly applied for public buildings, and are hardly seen with
commercial or residential buiings. On the otherharld RSYlF yR NBalLl2yasS KlFa |
perception of comfort, especially regarding tHeating, Ventilation and Air Conditioning(HVAQ system of

the building and estimating the financial benefits is hard for rexperts These barriers can be addressed

by using innovation in several technological fields that enables improvements not only in terms of
guaranteedenergycostsaving but also in terms of nognergy services such as security and comfort.

The combination of Deand ResponséDR)with current EPC schemes establishes the Active Building EPC
concept, which uses intelligent and raahe information to offer new combined services, established
comfort and safety performance criteria and new levels of flexibilityvatibn and useThese principles

are at the core of the Efiinded project AmMBIENCe (Active managed Buildings with Energy Peximema
Contracting). The project aims to extend the concept of Energy Performance Contracting to Active
Buildings, which are buildgs equipped with active control options that can actively participate in demand

a

1N

10| 109



A< ambience

response and energy efficiency programmes, and make it available and attractive to a wider range o
buildings. The proposed Active Building EPC concept and business maaelsettie 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 (residemiiepitals, 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 Actiy
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 (loT) wi
allow offering adjacent nosenergy services. In tal, the new AmBIENCe contract model has the following
features:

1 Includes flexibility services through DR, distributed energy resources (DER) including RES storag
and electric vehicles (EVs);

1 Integrates energy and neenergy services (security, accesstcol, comfort, indoor environmental
quality, and health, remote control and monitoring, automatic diagnosis and maintenance
prediction, building condition, trouble shooting, environmental compliance, and information
management);

1 Is applicableo all types of buildings;

Is foundedon transparency and redime information provision to empower end users;

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

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

=a

1.2 PURPOSE AND SCOPHIGEDOCUMENT

Deliverable D1.2 falls within the scope of Work Packagdl:a 4 SaavYSyid 2F o0SyKIlyoOS
/ 2y iNF Ola YR .dzAf RAYy3 5SYIl yR maibgoali2prodide adidvandsw O S :
oftheOdzNNB Yy i aAlddzr A2y Ay (GSNyxya 2F | OG2NERX NRBfSa |

EPC and Demand Response Services providBdilaings.
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The purpose was to collect information on and analyse practices, actors, roles and busidess nelated
to:

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

1 the use of flexibility at the demanside from buildingg and cluster of buildings like Local Energy
Communitiesg¢ as an energy resource in support of the energy tidms and to foster energy
efficiency;

The work was divided into two main activities:

1 Part A(Chapters3, 4 and 5)a desktop study of relevant resources on demand response services
provided by buildings, and EPC contracts including DR value streams.

1 PartB (Chapter 6) a stakeholder survey, aimed at Flexibility providers (typically Energy Service
Companies or ESCOs) and Flexibility requesters (typically Distribution System Ogea@sysand
Transmission System Operators (TSOS)).

Table Isummarizes the eerall approach:

Tablel ¢ Overall approach to D1.2

Objectives Overview of Actors, Roles & Business Models

Domain 9YKFYOSR a! OGA@PS o0dzAf RAYy3 9t
Part A Part B

Methodology Desktop study Stakeholder Survey

Deliverable D1.2
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2. RESEARCH QUESTIONB APPROACH
The objective of the desktop studidrt A) is to study

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

1 the business models that are being usedftexibility in buildingsand how they carbe comhined
with EPQo be the basis of an Active buildigg?C (AEPC) model

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

1 common M&V practices used for DR, that could be adojpdedhe Active building EPC model.

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

1 The current services thayas flex providersare currently offering in terms of demand response;

1 The outlook of flexisers or regestersto the possible use of DR from buildireyd the criteria that
apply to it

1 The business models they ausing orenvisaging and the timeframe in which they are doing so.
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3. FLEXIBILITOR SERVICESS A NEW BUILDINGERGY SERVICE

DR is an articulateprogram of actions that allosthe consumes (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 sad by failures or intermittent production from nen
programmable renewable sources, or in response to the dynamics of wholesale electricity prices, or to
increase the use of locally or seifoduced energy. DR can provide several environmental benefite whi
making the electric grid more reliable in the presence of high shafreenewables. 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 tstidly and management, avoiding peak congestions. The
incentive for end users to join DR programs comes from direct economic savings generated by the actio
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 BUILDINKGEXIBILITYERVICEEEDED?
The production of renewable energy from wind and sun is pastant 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 prodaatis 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 userg, #te 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 thghotovoltaic 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 renewalis low.

Several practical cases have shown that these methods allow individual users to increase their sell
consumption of renewable energy from 30% to 80%, thus reducing the injection of an energy excess int
the grid which could determine the need bdock 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 consumptio
basline or by injecting energy into the grid.

Q
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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 uséfto 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 whietetectric grid components have
been safely designed. The congestion problems are essentially due to the generation of sudden powe
flows, produced by solar and / or wind power plants, which generate power peaks that are difficult to
forecast and to managby 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 gridldbgieity consumption must be equal
to the production of the plants at all times. When this balance is lost, special mechanisms are activated. Ir
this case, three types of actions are implemented:

1 primary regulation: it is automatically activated in a feaconds and allows a limited variation
(typically £ 1.5% of the rated power) of the generators power, both in increasing and in decreasing

1 secondary regulation: it is always activated automatically, but within a few minutes and allows a
wider range ofpower regulation, of the order of 10%

1 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 greate
than those manageable lyrimary and secondary regulation.

In addition to traditional generators, which have specific obligations to contribute to the balancing of the
grid, startingsome yearagq electric storage systems (batteries and flywheels) have been hsealise

they alow rapid control of the grid and therefore can be used within primary regulation. Having a large
storage capacity, even electric vehicles edsobe used as common balancing tools. Renewable source
LI I yGaz Ay 3ISYSNIt 3> | £ Rtbn, asyt is orlypasybreSoirédhce thd powerll &
injected into the grid (even up to disconnection), but not to increase it. Since some years, the TSO acquire
the necessary resources to guarantee grid balancing on the electric dispatching market. fRarther
several pilot projects in Europe have started to open this market even to small operators gathered in an
F33INBIFGA2Yy 2F LINRPAdzZYSNA YR YIyF3ISR o0& | airy3a
TSO and provide it the flexibility resaes against a payment for the provided service.

As already said, the last decade in Europe has been characterized by a progressive decrease in conventio
thermoelectric and by an exponential increase in renewable energy plants, in particular photosoltaic
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 tota

a
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power available for regulation, which is arpentage of the nominal power of the plants in operation.

Renewable plants, from their side, are aprogrammable sources and their greater diffusion makes it even
more important and necessary to find additional regulation sources than the classic Tmegurther
development and penetration of renewable sources, also envisaged by the Clean Energy Package, will or
take place if advanced satbnsumption techniqueare disseminated at the building level or at the level of
energy districts in order to mimize the imbalance effects on the external distribution netwaorkis
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 ondsitera
renewable sources is used.

In any case, since a building or an energy district normally cannat@edtime all the seffroduced 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 ar
increasing number of operators.

3.2WHAT TYPE OF FLEXBISAVAILABLEN/FROM BUILDINGS
There are different sources of flexibility within buildings, tikah be activated by shiftingroduction of
useful energy or usage of it. Some may requaiceeptableflexibility in the comfort level®r in the way
installations are being used. The following list provides some examples of typical sources of flexibility i
buildings see alsdrgure 1.

1 Hectrical installations such as:

o PV panels,

0 Heat pump,

o0 Heat pump water heater,

o Electric batteryEV,

o Energy recovery ventilation
1 Smart sensors among which

o Lighting controls,

o Energy management system,

o Computer and office egypment automatic control
1 Buildingelements

o Window shades,
LED lighting,
Variable speed pumps,
Efficient kitchen equipment
Insulation,
Day lighting

o OO0 oo

Q
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Heat Pump Lighting Controls

Efficient system that provides Such as occupancy and
Phptovoltaic Paryel; both heating and cooling dimming sensors Energy Recovery Window shades
Sized to meet building’s l Ventilation Covering over windows to
Provides Fresh air while prevent unnecessary heat

energy demand
minimizing energy loss gain in cooling months
Day Lighting
C._omputgrs and Placement of windows High
office equipment g

and skylights ta ‘ .
Automatic controls brighten workplaces ‘ ‘ Efficiency
andfor power strips to naturally ‘ Fluorescent
shut down equipment or LED

not in use _— lighting
Superior air sealing

=B
I o8
ial for a high =
Essential for a high- J
performing building c——————— f'f |

and insulation
envelope

Efficient Kitchen
Equipment

Use of variable speed hood
controls, and efficient

) X . Electric vehicle
refrigeration and appliances

Smart charging to
allow use of renewable

‘\ e Electric battery energy sources
- pv Storage of excess produced
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};: i\’:‘ Utility energy from photovoltaic panels
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N ‘. power emm Heat Pump Water Heater

Efficient electric water heating
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Energy Smart Variable Speed Pumps
information meter Building Energy

system Management System
For smart building controls

R INALY

N\

N

Figurel ¢ Overview of different sources of flexibilityn/from buildings (AmBIENCe; 2020)

3.3IN WHAT MANNER ISAHFLEXIBILITY USED
With the increase of distributed and nggrogrammable renewable energy sources, load flexibility becomes
even more important for an efficient, stable and economical energy systamsumeempowerments
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 improv
comfort or to contribute to the energy trasition. The load flexibility is a form of demand response that
controls electricity usage in real time, also using common household appliances like smart thermostats an
water heaters.Theimportant roleof this load flexibilityrises as the grid faces igss 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 budings.

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)
Figure2 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 atapjchnd much

lower load during the night.
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- Reduced load - Reduced load
- No change in consumption - Reduced consumption
- Temporary change - Temporary change

Figure2 - Typology of options for load flexibility: load shifting vs. load sheddiidordic Council of Ministers &
Nordic Energy ResearcB017)

Load shifting, shown in the left side Bigure2, essentially refers to scaling load up or down according to
externalpricing signalsPower 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 faks.
shifting does not involve a reduction in electryciconsumption than originally planned, allowing the
electricity to be consumed at a different timBy shifting the load, the load profiles of electricity consumers
often align with volatile power production at renewable energy plants: the low productistsof these
assets (wind power, photovoltaics) cause lower prices on the electricity exchavageshedding, shown

in the right side ofFigure2, involves the targeted reduction of total electricity consumption, implying a
lower demand for power without compensating the adjacent perio@s. the contrary, if the supply of
energy surpasses demand, depending on the configuration of generation capacity, load increasing can b
applied, using energy storage to arbitrage between periotifow and high demandAs a result the
electricity consumption increases.

The load shaping techniques also include the peak clipping, valley filling, and flexible load shape, shown
Hgure 3
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— - > >
Peak Clipping ValleyFilling Flexible Load Shape

Figure3 ¢ Other load shapingnethods peak clipping, valley filling and flexible load shagB.LOKESHGUPTA ET AL.,
2017)

The first twoparts of theFHgure can be seen as a part of load shifting, while the last one as a combination
of load shedding and load increasing. In the pegkpeig (in left side ofFigure3), load reduction occurs
during peak hours. As a result, both peak demand and total energy consumption are reduced; in the valle
filling (in the central part of Figur8), the offLJST { I NBl & | NB & T Adtaf Sétgy> 0
consumption but not the peak load; finally, the flexible load shape (in the right siBiiyofe3) is related

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

3.4FLEXIBLE DEMAND: GFHEC BARRIERS FOR.BINGS
The opportunities for realisin@Rprograms vary across Europe, as they are dependent orspleeific
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 a
small and medium scale customers have mostly failed to meet their expected potential. Barriers in the
diffusion of DR programa the building sectgrcan cane in the form of political, technical and behavioural
challenges.

Froma political point of view, regulated utilities operate within an incentive structure that prefers building
physical assets to the behaviedependent demand response. Incentive mecisams 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 evolvec
around supplyside resources, withut giving to supply and demand equal treatment. Moreover, complex
and burdensome administrative and authorisation procedures still represent an important barrier for the
compettiveness of smaklcale selconsumption projects for buildings.

In generalplocks 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 o
the control technologies embedded in the build management systems.
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The behavioural challenges depend on the lack of awareness of the users of their own load profiles, als
due to a limited adoption of monitoring systems. The lack of information of end users about the regulatory
and technical frameork of demand response is also a crucial barrier. Moreover, many users have no
confidence in the electricity market functiof€EER, 2011because of its complexity and are quitev
interested in energy related issu@isim & Shcherbakova, 2011)

Within thisreport, we will identify further barriers and zoom deeper into those barriers that the AmBIENCe
project willsearch solutions for.
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4. FLEXIBILTYDRBUSINESS MODELS

The previoushapter indicaté severalflexibility options for buildings. This chapter will zoomoimhow
such flexibility options can be weddthrough different DR business models.

Demand respons€DR)is defined asiChanges in electric usage by emsk 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 (p.1) (Murthy Balijepalli et al., 2011)

Through DRdifferent types of customers receive signals to adjust their demahdpecific moments of

time. These signals can be eith@'SE LI A OA (¢ o6Sd3Id f S| RAY I IealingfoA NIB (
price-based benefitshat decrease their bill Explicit demand respwse implies thatlemandside resources

are tradedon markets (wholesale, balancing and alacy services and where applicable also capacity
mechanisms)implicit demand response on the other hand implibat energy prices or network tariffs

vary over tine because they reflect the value and cost of (the transportation of) enatggifferent
moments in time(SEDC, 2017)

The two types of DR modedse therefore activated at different times arsgérve different purpose&heng

Ma et al., 2017)Consumers can participate in both moddtgyure44 (van der Veen et al., 201B)dicates

the difference between implicit DR (lgdart of the FHgure) and explicit DR (right part of tRgure). In case

of implicit DR, thgorosumer can value its flexibility itself. Possibly, this can be done through the support of
an ESOwho helps the consumer to optimize its behaviolr case of exrit DR, the consumer can trade

its flexibility directly on the necessary marketshe benefit ofBalancing Responsibility Parti&RPsand
system operatorsHowever, as indicated in tHagure, in most cases, an aggregator will act as a third party
ay R NI RS G(G(KS LINPadzYSNEQ FtSEAOAfAGE 2y GKS YI N

- (R

DSO
DSO B
T50

Figure4 - Implicit and explicit demand flexibilitsource (VAN DER VEEN ET AL., 2Q183EF)
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In what follows, we will give more insights into these different actors, themiffietypes of business models
that exist for both implicit and explicit demandggonse, and the different challenges that go along with
them.

4.1 ACTORS AND ROLES BBR
Different market players can be active in DR markkgending on the exact model chosdfach market
player has a specific role that characterizes its responsibgitidpotential collaboratiopatterns(Delnooz
et al., 2019) Below, wesummarize the most importantoles that can take place in DR markdtsis
important to differentiate between the roles in the market and the asttinat can adopt thenfENTS€E,
2017b) The description of thdifferent roles isadapted from(Delnooz et al., 2019; ENT-ED2017a; IRENA,
2019a; Rivero et al., 2014; Zheng Ma et al., 2017)

1 Supplier / retailerg actor thatprovides electricity to end consumerBhe supplier has a contractual
agreement with the grid operatoSupplierdiave their own generators or buy electricity from other
producerson the wholesale market

1 Consumerg actor that consumes the delivered electricity. Consumers that take active part in the
grid systenin the sense that they possess their oB&R (such as solar panels} also referred to
as prosumers.

1 Aggregatorg grouping of agents in a power system (i.e hgomers, 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 deand- and supplyside flexibility services to the grid.

1 TSCQ¢ the actor responsibldor 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 systemslhe TSO is also responsible for connecting all DSOs in its
control area and must ensure future demand for transmission of electricity.

1 DSCQx¢ the actor responsible fooperating and maintaining the distribution grid in a givemea. If
applicable,it is alsoin charge of developing the distribution grid in specific areasrasgonsible
for the interconnections with other systemshe DSO must also ensure the ability of the system to
meet future demand for distribution of eleactity.

1 BRR;the actor responsible faa specific portfolio of access pointsmust ensure balance between
injections and offtakes in its portfolio.

1 Energy Communityenergycommunities can take up the role of a consumer/prosumer as such and
selltoBRRX I 33ANB Il G2 NE&E X /prasiingrs waNH#o Givendie fact thay tey dre
larger than traditional consumers/prosumers, they should have scale ben@fitshe other hand,
energy communities could change existingarket models in the sense thahey provide
opportunities for peetto-peer supply(P2P).
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1 ESCQ@ the actor thataims to offer fully integrated energy services to its customers. Geneitally,
focusseson energy savings and energy efficiency solutions in existing buildiegsn the sope of
the AmMBENCeroject, it is examined howt could extendits scope to also offer DR servicdge
explain this actor in more detail in chapter 5.

Other actors could be regulators, policy makeeszhnology providersdata managers metered data
responsible building managerstenants, occupants, real estate developeESSCO projedacilitatorsX
Additional stakeholders can beund in the following referencéZheng Ma et al., 2017However, in this
report, we mostly focus on the stakeholders mentioned above.

4.2 IMPLICIDEMAND RESPONSE
Implicit demand response implies that customers are subject to price and tariff signals teat ssfstem
conditions(IRENA, 2019dfustomers can reduce themvoice expenses by responding to price variations.
Business models for implicit demand response are therefoostly business models related to contract
optimization. Yet, other business models are also posdbé der Veen et al., 201,8able 2

Contract optimization This implies that consumers can use flexibility in function of the applicable
electricityrates (both commodity andistribution). By adjusting their behawioto price volatility, the total
electricity bill is lowered. This can be done by reducing grid utilization costs by means of peak load shavin
Or it can be done by adjusting to tingependent energy tariffs (maxizing consumption at ofpeak and
minimizing it at peak hourg)allés et al., 2016)

Emergency power supplyin case the consumers have their own generatmrspecific storage facilds,
another business model for implicit demand response cowelthe provision of emergency power supply.
In case of grid outagedy adapting its behaviour, prosumersuld be seksufficient for a specific time
period (van der Veen et al., 2018)

Seltbalancing Finally, another business model could be $alfancing. This ian option for consumers
who generate their own energy. They could optimize the periods when they are boysejlingelectricity
depending on consumption or injection priceBhis is, however, only economic when there are no
regulations regardinget balancingvan der Veen et al., 2018)

In what follows, we wilinostly focus on the business model of contract optimizatidre way that contract
2LIGAYATFGA2Y A& AYLIESYSYGSR o0LISI] O2yiGNREt I GAYS
invoicelooks in specific countrie®Ve therefore start byexplaining the different components of an energy
invoice (energy, network and residual componertsyl we explain in what structure such components can

be chargedd @2 f dzY S N&A O3 . TOdn it eRlaini@what @xierf Bde&apst structures can differ
2P0SNI RATFTFSNBYG RAYSyaAzya o6GSYLRNFXf> aLl GAlf Xod
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Table2 - Implicit DR flexibility services

Products To whom? Where? How?

Benefits to
networks DNO contract /

Network tariffs
(manage load peaksayoid grid DSO

(contract . Network tariff
L reinforcements)
optimization)
Benefits to .
. . Consumer retail
system balance Energy tariffsddapt consumption .
, Supplier contract /
(contract to generation)

optimization) Energy prices

Optimize own generation to

. Consumer | Selfinterest
consumption

Selfbalaneng

Emergency

Provision of emergency power Consumer | Seltinterest
power supply

4.2.1DIFFERENRETAIL SARIFF COMPONENAND STRUCTURES
Energy invoices are generally split up in three broad categ@f costtomponents 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. Differemtuthors give an extensive overview of the possibilities,civiwe
summarize below.

Energyg retail components
The energy component is charged to consuntergetrieve costs of electricity productiolenerally, the

cost is chargebased on the effective energy consumption of the consumgf R A & SELINB & a SF

1 The energy component can be part offimed contract. In that casethe energy components
determined in advance and the consumer knows the exact amount he/she will pay per kWh
consumedIf energy prices would increase during the contract period, thesaorer is not affected.
Yet, the consumer will also not benefit potential price decreases.

1 In case the energy component is part ofariable energy contractthe price per kWh is variable
and can therefore increase or decrease throughout the y€ardetemine such price fluctuations,
energy suppliers make use of index parameters. They can use fopasadeters whichmake use
of longterm energy trade markets, or they can use sparameters which are based ahe day
ahead market. The volatility of spparameters is therefore higher than that of forward
parameters(VREG, 2020)et,the volatility is not as high as in case of dynamic energy aotgras
supplierspublish their offers (for instance) on a monthly ba€&iREG, 2018)he exact regulations
might differ, however, from country to coty

1 Finally, there are alsalynamic or flexible energy contracts, implying that the energy price
fluctuates based on thevholesale prices. In theory, this implies that prices could chpegelay or
even per hour. These tariffs could be beneficial for comsrs who aim to adapt their behaviour to
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different prices.In practice, for regular consumers,is possible that energy suppliemiblish
dynamic tariffs public 24h in advanse 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 hisTplace can
be charges for distribution and transmission gritisere are multiple different ways to charge such tariffs.
(CEER, 2017; PintBello, 2019)

1 Volumetric ¢ this tariff charges network costs depending on the electricity consumed by the
consumer. ltisisuallyS ELINE A8 4SR Ay €k {2 KD

1 Capacityg this tariff chargesustomers based on the capacity that they use as thicasadriver
for network costslt iseither charged based ahe peak demand measured in a specific timeframe
(measuredn kW) or it can be charged based on contracted capagtA) In the first casesuch
tariffs are also called capacigagebasedtariffs. In the second case, it is referred tocamtracted
capacity charges.

1 Fixedc this tariff chargesetwork costs independent of consumptioh.is a set amount that is
charged per yeaper connectionThese are also called standing service charges.

1 Gonnection chargeg this is aone-time charge that is usually set wh a customer is connected to
the network. Such charges can &eallow or deepor a mix of bothShallow implies that loads only
pay for the cost of equipment needed to make the connectmthe grid.Upstream reinforcement
costs are nottaken into account. Deep connection charges imply tlatds pay for all costs
associated with its connection, includipgtential upstream network reinforcementdn case of
mixed methods, shallow cossse still paidand a proportion of the upstream network costs as well.
(Knight et al., 2005)

Taxes

Finally,energyinvoices alsaontain charges to recover residual costs which are not necessarily directly
linked to energy consumption. These canbetax@® & 0 & G 2 NI On2HBSyNil isisdibtiiatstch S &
costs should not be linked to energy consumptiantiaeyare not linked to the energy cost. They should
thus be charged in the form of some fixed cdsevertheless, in a lot of cases, these sast still charged

per KW or kWh and therefore indirectly also give price signals that are not necessaritgftedive.
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4.2.2POSSIBLE TARIHMENSIONS
The cost components discussed in the previous sectionddér over different dimensionsBelow we
discuss howthey can differ over timeand space Prices and tariffs can also diffdepending on the
consumer group Different consumers can have different consumption profilesich would permit
different price and tariff structures The dimension of different consumers will, however, not be disaisse
explicitly in this report.

By combining different cost components over different dimensions, multiple variatigorgcing and tariff
designs can occuA volumetic tariff can be fixed over time, or it can be highly dyna(BJRELECTRIC,
2017) More elaborate discussions can be found@EER, 2020a; IRENA, 2019c; RERRIAGA & Knittel,
2016)

Over time, a price or tariff can be:

i Staticg Thisimpliesthat it does not change over time. This would mehatta 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 afultiple hours (such as day versus night pricing).

1 Time of usqTOU), 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.

1 Dynamicg Dynamctariffs on the other hand fluctuate more frequently and are based on the actual
system status. Dynamic tariffs can be set close totiea consumption of electricity if they would
0S o60lFlaSR 2y gK2fSalrtS StSOINARYA& R LINKROSAadD ¢ K

1 Mixed ¢ There can also be combinations of both static and dynamic pricing strategies. Two
SEI YL S8 KSNB I NB (WP WR | @£ SR LIS O(CPP)RIR itOflies HHMA O A
different pricing periods are defined in advance, yet théghe 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. Typicathys is linked to periods of increased wholesale prifEE=NA,
2019c)

It also should be noted that the way prices or tarififfer over time, is also highly dependent on how
consumption is measured’he more granular data are recorded (for instance on a quarter hourly basis),
the more variable chagescan be over time. In case consumption is only recorded on a yearly basis,
variation over time is more difficufEURELECTRIC, 2Gl3) highlights that the pricing period is also an
important factor to take into account. Prices could be dynamic, but onlysipegific period, leading to a
partly dynamigorice or tariff.

Over space, a price or tariff camary depending on the location. If locational differences are present, the
goalof higher speciagranularityis to be more cost reflective and to account foogsible differencein
network constraintg(for instance by reflecting grid congestions)such cost differences are taken into
account through better price signals, redispatch costs caused by network congestiibe avoided, and
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network and DER ingéments in specific areas can be stimulatéde extent to which location is taken into
account depends on how far one aims to go. Different degrees are pofiséia, 2019)

1 Nodalpricing¢ this is the highest degree of granularity with regard to taking into account spatial
differences.Under this option, each node has a separate price

1 Zonal pricingg under this option, a price is definddr one pricing zone in which participants trade
energy. The assumption is that within this zone, there are no constrdihts is the approach taken
by the European electricitymarket, where in most cass bidding zonesorrespond to national
borders.

1 Uniform pricingq 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 tmglissh uniform chages versus
locational charges or charges at depending on the voltage (E&$0, 2015)

Furthermore,(CEER, 2013@)so indicates that interruptible tariffs are also a way to support flexibilitizén
sense thathey allow the DSO to interrupt system usage of its custonmarthat case, customers do not
have a permanent connection to the grid and get a lower tariff instéads reduction in tariff should reflect

the flexibility valuein order to avoid a socialisation of costs between different customer grotjesnew
connections to the grid (mainly distributed generation and wind turbines), this idea is extended to Smart
Connection Arrangements (SCAs)which the DSO is allowed to curtail thewnoection for a pre
determined amount of tim€Schittekatte & Meeus, 2018)

Finally, it should be indicated th&ty (1 2 LISAHEZA &t K WNINAFTFEA YR RAYSY A
incentive schemes for distributed renewables or other technologies. These can also influence custome
behaviouras they make it more or less interesting to inject electricity to the grid insteadrefurning it

We discuss beloweedin tariff (FiT) andNet metering NEM.

1 Feedin tariff (FiT)

In case of FiT, electricity injection and consumption are registered through separate meters and are
therefore accounted differentlyRENA, 2019b)njection compensations can be higher or lower than the
retail electricity price.

1 Net metering(NEM)

With more and more decentralized energy production (for instance through PV installations on ropftops)
it is also importat to have proper pricing schemes for the production of energy from prosunsemse
countries therefore apply NEM schemes which imply that consumers are only chargedtiet #lectricity
consumption from the grid after that their injected electricitytonthe grid is deducted from their
consumption(IRENA, 2019bfonsumers therefore get the retail electricity price as a compensation for the
energy production.
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Bah NEM and FiT have been criticized signifilyaditie to the fact that they doot valueelectricity injection

at a costreflective levelFor instance, dring peak load hours, injection of electricitym®re valuable than

at off-load hoursIn addition, NEM allows consumers to stalectricity virtually in the grid for free ithe
benefit from full retail prices (which also include grid costs etd/hile this encourage renewable
production, these systeno not incentive consumers to take into account the grid staftRENA, 2019b)
0L o0 RSTAYSa LINE bisayio¢harie bat alfocompersatd @dsBnerS Basel an thé
actual market value of electricity, balancing what they consume against what they inject into thedyridL ¥
done properlysuch schemes ensure selinsumption and injection of electricity when prices are high, and
withdrawal of electricity when prices are IGilRENA, 2019b)

As such, it is therefore important to also look at diffiet methods for compensating excess electricity
injected to the grid(IRENA, 2019M)istinguishes three different pricing schemes:

1 Timeof-use tariffs (as explained earlier)

1 Locationvarying tariffs which ae based on grid congestion at the different noges

1 Tariffs based on the avoided cost of electriciyhich looks at the marginal cost of electricity
procurementthat a retailer/system operator avoids due to the grid injection

As discussed previously,ist important thatsuch schemeare as close as possible to dynamic pricing so
that prosumers as well get costflective incentives.

It should be noted that this overview is not capturing all type of variations possible within tariffs. For
instance, tarifé could in some countries also vary depending on the square meters of property, there can
be increasing or decreasing block pricin@Gchittekatte & Meeus, 2018Jhereader should therefore be
aware of the fact that other possibilities exist, yet that they might be less relevant for demand response
itself.

4.2.3BENEFITS AND DISABNAGES OF THE DIFFERTARIFF STRUCTRIRE
From the preilous section, it became clear thatultiple options exist with regard to tariff structureSach
of thesetariffs has itspros and cons, anthere is no onesizefits-all tariff. Instead, depending on the
objectives that onaaimsto reach, and depending aihe target customers, different tariffs might apgly
different situations. Principles such as cosflectiveness, non-distortionary, non-discriminatory,
transparency, predictabilitygostrecovery, simplicity, fairne¥s I NB LINJA 2 NR& { AdughRhe Y 2 N
tariff choice(CEER, 201 7urthermore, depending on specifgrid objectives on one location or moment
of time, spatial or temporatimensions might be highlighted more or less answer to certan grid
weaknesses.Because of differences in energy mixfrastructure (smart metering devices, smart
O K I NH dng giiKspecificitiePinto-Bello, 2019)warns for the fact thabne tariff design might have
different impacts in two different countries

In Table3, we give an overview of the price and tariff structures discdgs®viously Per price or tariff
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structure, and per dimension, we summaribe key advantages and disadvantages discussed in literature

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

in brackets For more detailed discussions, we refer among other@tdonopoulos et al., 2020; CEDEC,
2014; Faruqui & Lessem, 20ESR, 2019; Irena, 2019; Knight et al., 2005; Lu & Price, 2018; OFGEM, 201¢
personal communication, 2020)

Table3 - overview of price and tariff structuregnd their advantages and disadvantages

Invoice components

Disadvantage Advantage
Energy

Not costreflective f Simple
Does not incentivize consumers ¢  staple
to behave in a systeroptimal 9 Predictable
way

Varable Cost c!rivers are no.t neces§arily 1 _Potentially allows to bettgr t_ake
taken into account in real time into accoun seasonal variations

Higher price volatity might

: who cannot adapt their reaktime
Dynamic consumption in time 1 Encourages energy efficiency and
More advanced measuring system flexibility

equipment needed

Does not reflect cost drivers

Does not encourage energy 1 Simple

efficiency 1 Stable & predictable
Does not encourage system

flexibility

1 More possibilities for the
development of flexibility services

Not a proper driver for network (supplier)

costs (DSC_)) _ 1 Leads to more energy efficiency a
Volumetric No proper incentives for consumption directly leads to

invegments in grid capacity lower bills

(DSO) o 1 Possibility of nemetering leads to

Death Spiral risk (DSO) higher benefis for distributed

generation (prosumer)
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Capacity

Connection
Shallow

Connection
Deep

Canection
Mixed

Possibility of netnetering
decreases / disappears and
there will be less benefits for
distributed generation
(prosumer)

Less options for flexibility
services (supplier)

Do not promote energy
efficiency

Red cost driver for network costs
(DSO)

Better incentive for proper
network investments (DSO)
More revenue stability for the DSC
(DSO)

More predictable invoice as
capacity is more stable (customer

Does not give sufficient
locational sigals
Additional charges (use of
system charges) could be
charged afterwards

Reinforcement costs could be
charged through tariffs
Costs are lower and transparent

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 technologs

Strong locational signals (DSO)
No additional followup costs
(consumer)

Challenging to set nen
discriminatory rules to calculate
the exact proportion of costs
per new connection

Provides more locational signals t
new connectios

Reinforcement costs are a
function of usage of the new
connection assets
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Disadvantage Advantage

Time

Static

Time of
Use

Dynamic

Could oveidincentivise sel
generation during moments that
coincide with system peaks (DSO

Simple

When badly designed, effects
could be adverse (DSO)
Predicted peak times could be
wrong and not coinide with
actual system peaks

Less useful to address specific
system issues in reéime

Aims to better reflect cost

Aims to better reflect the value
of flexibility

More stable, understandable and
predictable

Fluctuations in energy invoices
are more moderge

Possibility of good planning for
the consumer

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 amikky for
consumers

Without automating equipment it
is hard to respond on an hourly
basis or on even lower gratau
levels

Signals realime value of
flexibility (consumer)

Signals system issues in réiate
(DSO)

Reflects reatime costs (DSO)

Thee 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 risksre still somehow
limited as customers know when
they are exposed in advance and
as the time period is limited.
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Location

Uniform

Not applicable in Europe and sorm
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 remedie
actions needed

Accurate market sigals to guide
operational decisions

Possibility to differentiate
between regions (nodes) to give
better incentives regarding
investments

Zones are predefined, yet in theo
the zones could vary depending ¢
the actual grid situation

Potential for maket power
Location is not well taken into
account

Solves equity concerns
Less complex, more transparent

Does not reflect realime cost
Does not take into account

locational differences

Simple, less complex, transparen
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4.2 4TARIFF PRACTICEBINERENT MEMBER STATES
From the previous discussignsbecome clear that more dynamic tariffs are interestfiogimplicit demand
response as they give the most options for consumers to adapt their behaWooase dynamic energy
prices are offered to ca@umers by the energy supplier, over half of the consumers is assumed to see
decreases in electricity bill expensédsT (G KS& R2y Qi OK (ByedeSet al., RG1B)SLLhf 2 |
decreags 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 expktdebenefit from more dynamic energy prices.

The exact benefits of dynamic energy prices and/or network tad#pend on the height of these
components and their percentage in the total energy invoice. As can be seen in the followingEraph
Rderence source not found, the percentage of each of theseghly differs over Europe. In Belgium,
dynamic energy prices would therefore lead to comparatively limited benefits due to the fact that the
energy pricaloes not even take up/3th of the energy invoiceNote, however that larger consumers have
energy tariffs that take up a larger percentage in their energy invoice.

Figureb ¢ Electricity prices irR017 ¢op household bottom industrial) (source DG ENER HNOUSE DATA
COLLECTION (EUROPEAN COMMISSION, 2019))
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It is therefore importah 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 4gives an overview of energy prices andtwork tariffs that are in general used in the different
countries. It should, however, be notdtfiat this table does not give a complete overview of all the
possibilities per countryasthe options depend from one coumer type to another. The table merely
intendsto givean idea of which countries already offer more cosflective and dynamic prices and tariffs.
For a real cost analysis, a further and more detailed analysis per couatriyl be needed. The table is
developedup based on previous studies done by VIg@nbined with literature(Econtrol, 2018; IRENA,
2019c; PinteBello, 2019and expertise from the consortium partnen$ should be notedhat for some
countries this tablds only accura todaygiven the current changes in energy and network tariifs.
distinction is made between different consumer typésit thetable merelyfocusses on residentialsers
and small enterprisesThe table indicates if a specific pricing structure/tasffaivailable 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 offensasiett based
pricing through monthly average wholesale prices and through someisupplven dynamic pricing. In the

UK and Romania, CPP and dynamic-tigea pricing is available, in Lithuania CPP is used and in Estonia
dynamic reatime 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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Commodity

Table4 - Pricing and tariff options generally available for residential consumers and small enterprises in different Member states

Austria

Denmark

Germany

Finland

France

Norway

The
Netherlands

Smart meter 80% completed | >80%completed | ~60% completed Completed ly Completed by ggzngfleted by \O/L?tI}Jg:]aI;YSL(/luof Completed by Completed by Completed in Completed by
T by 2024, quarter by 2020,qgarter by 2020, q_uarter 2019 2023, quarter (quartenhourly | residentials 2020, (qugrter) 2022 2019, quafter 2022, quafter
houry basis hourly basis hourly basis houry basis basi - hourly basis houry basis houry basis
asis possess it
Components
Fixed No Yes Yes Yes No Yes Yes Yes No Yes Yes
Volumetric kwh kWh kWh kwh kwWh Yes Yes Yes Yes(kwWh) 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_(daylhead No Day / Night
warning)
Spotmarket Spotmarket
based pricing Dvnamic oricin based pricing
. Dynamic real Dynamic real through Dynamic rek yhamic pricing through
Dynamic parts [\l - oy No : L No No - L sometimes No
time pricing time pricing monthly time pricing possible monthly
average average
wholesale price wholesale price
Components
Fixed € € € € € €
Volumetric ekl?2K ekil?K 12K ekl?K ekl?2K ekl?K ekl?K ekl?K 12K €ekKl?2K No
Capacity No e/kwW 12K K2 K12 No No K12 €ekKli? eklzx! eklzx!
e/kW:
depending on €Kiz Y {Kexlz® Y UK Shallow unless
Connection the connection ekl12Y- {8 but deep if but deep if Shallow and extra capacity is € K T 3emi
ekl z!Y { voltage, the contracted contracted Shallow ) Shallow ’ ekl2Y {K
charge di deep o o deep required, then deep
istance fom capacity is capacity is deep
the cabinet, and exceeded exceeded
the power
Time Dimensions
Static Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
Volumetric term
Volumetric: Volumetric: is registered Capacity: Volumetric:
single, single, peak / offpeak | hour, tariffs: Sometimes seasonal single, Capacityterm is
Day / Night No day/night, or day/night, or summer / peak load dav/niaht variation, day/night, or in kW is monthly| No
two peak/off two peak/off winter period, high yinig volumetric: four peak/off based
peak periods peak periods load period and day/night peak periods
low load period
qQs= 35| 109
-
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Volumetric term

Granularity of billing

Expected
changes

No No No No No No No No No is charged per No
hour
Average load for
peak load Volumetric and
metered Registered on Quarter half capacity term
Yearly Yearly Monthly Yearly customers is Quarter hourly | Yearly 9 . P Yearly
] an hourly basis | hourly measures| are measured
registeed on
per hour
quarter hourly
frequency
. Shift to ue-
Posibility to Shift to more based capacity
volumetric .
contract . UF NAFT ¢
different Annual flat Changes to net More dynamic capacitybased Phase out net
2022: shift to 2022: end of the " network tariff metering More cost tariff that i
. . Capacities . - . and market . . . metering
capacity tariff protected e charge replaced | More variable reflective tariffs 4 time periods reflects grid . A
. Unification of . . - based control, . Timevarying
for the network | market 2024: None . by capacity volumetric are ambitioned, . will become state .
domestic access replace fixed - tariffs
costs (average | start of the . charge for all charge yet more smart . standard Subscription
. tariff to T2.D . . . . component with ; Introduce
monthly peak) capacity market . . residential introduction meters needed . . capacity model
3 Time periods . . capaciy tariff ) marketbased
. consumers capacitytariff Nonfirm .
will become dvnamic arid mechanisms
standard Y g based on DSO
access

tenders for flex.

(4]
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As the table shows, most countries include some sort of TOU pricing or tariff structure suchraghday
pricing This is very common in Europe. Y&ble 4 also shows that dynamic redime 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. Howekiese 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 pnaiiferent countries,
we will give some examples below:

1 Fnland:in Finland, approximately 10% of the consumers opt for a dynamic tariff. Thissheafed
onthe Nord Pool spotpridey R (1 Kdza O2yaArada 2F Fy K2dzNI & LIN
and a typical monthly fixed fe€ustomers can see tke prices through a website where they are
published each day arourat 2 pmfor the next 24h. Consumption eharged per hour, which is
possible as all Finish consumers have hourly mete(EIdRELECTRIC, 2017)

1 Estonia: in Estonjaas well, the rolout of smart meers hasbeen linked to an increase in the
number of spot agreements that energy suppliers offer to their cliefttigre are different packages
that could be split up inteombined packageand exchange package exchange packagebe
electricity pricedepends entirely on the exchange price of electricity. The risk of price fluctuations
is entirely for the consum& LYy aO2Yo0oAYy SR LJ O}t 3S adnly paitlyos St
the electricity price on the exchange matkThe energy supplier / ratler also charges in part a
sort of a fixed tariff so that price changes the power exchange only minimally influence the
electricity bill (EURELECTRIC, 2017)

1 Sweden: in Swedefourly contracs are already available on the market since late 2qQCEER,
2019) By the end of 2016, one third of thBwedish suppliers offered such contract to their
consumers Originally, in Sweden, by 20G8e smart meterroll-out was already completed with
regard to monthly measuring meters. As a resBiyedish consumers are used to have monthly
variable price contractsSuch monthly prices werbased on the average monthly spot price
adjusted for different consumptionrpfiles. Consumer energy contracts must specify how such
consumption profile is determined. With the new houclyntracts, suppliers publish the hourly spot
price at noon each day for the nextddyy (2LJ 2F GKIFGX O2yadzy-&NE |
and additional fixedcosts and taxes as described in the contr@CEER, 2019)ften, this supplier
mark-up is lower in dynamic contracts, th@mcontracts with fixed prices.

1 Norway:in Norway,already in 2017about 65% othe electricity delivereds based on dynamic
pricing based on spot pricind\s in Estonia, there are different models for dynamic pritivag
hedge more or less price risksr consumers. Some examples are average monthly spot prices,
average short prices for shorter perioas,dynamic prices that are nainly based on sport prices
but also on weekly and monthly contracts (future marke(®URELECTRIC, 20N&xt to spot-
based contrats, 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 maiked price of variable
LINA OS O2Yy iNJI OGa Oly 0S,OERERy2AIS)R ¢AlGK (g2 ¢SS
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4.2.5EXPECTED TARIFF GBEASI
From the previous discussion afidble 4, it could be derivedhat dynamic components areot yet
available in pricingrad tariff structuresn most member states. For the commaodity energy component, this
will, however, changbecause he recast of the Electricity Directigtates in Article 111) thataMember
States shall ensure that the national regulatory framework desbuppliers to offer dynamic electricity
price contracts. Member States shall ensure tfinal customers who have a smart meter installed can
request to conclude a dynam@ectricity price contract with at least one supplier and with every supplier
that has morethan 200000 final customeis

Suchdynamic electricity pricing contracts only reflect the price variatminthe commodity energy
component at the spot markets (including day ahead and intraday markets). This should be done a
intervals that gual at least the market settlement frequency (Article 2 (15)).

In the nearby future, dynamic electricity pricimgll therefore become more common than today is the
case.In principle within dynamic electricity pricing contracthe price per kilowatthour of electricityis
defined by the wholesale market. Yet, the supplier is allowed to add additional émstsandling
AYOlLflyOSas o0AftAy3ad YR 20KSNRYySENIHARO JIKIS RERH, SAa3
2020b) This addon can be charged per kilowatiour oras a fixed sum.

As statel by Article 2 of the recast of the Electricity Directigignamic prices should reflect price variation
in the spot markets. Hower, it is expected that many dynamic pricing contracts will refer to theateaad
market prices aghese prices arepublished one day before delivery. This will make it is easier to
communicate to the consumer and will allow the consumer to plarconsumption in advance. In case
intra-day prices would be used, pricasuld need to be set on a constaamd more continuous basis which
makes it more complex and harder to implemg{@EER, 2020Qb)

(CEER, 2020B)so highlights that the Commission is not explicit with regard to the need of including price
ceilings or floorso protect consumers or producers. They recommend, however, that seitings and/or

floors arenot installed as they reduce the pricing signals which are meant to be achieved through dynamic
pricing.However, to a certaiextent, extreme price fluctuations might not be accepted and in ttese,
suppliers could offer alternative contracts that lirthis price volatility for instance price caps while adding

a hedging cos{CEER, 2020b)

A significant difference with fixed pricing contract is also that consumers do not know electricity prices in
advance. As sucBuppliers need to disclose the exact pricing formula. All pararsaieed in the formula
should transparently be made availabfedue time.Consumers should also be made aware about all the
costs, risks and opportunities of dynamic price contraatsl should give their consent before switch
contracts.
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4.2.6 ACTORS AND ROUE®IFFERENT IMPOIDEMANDRESPONSBUSINESS
MODELS
Within implicit demand response models themee three important actors.The foremost important actor
is the consumer who has the ability to adapt iehaviourto the different price and tariff incentes
explained aboveand who is responding to the different incentivias optimize his electricity invoicdn
doing so, theconsumeris in direct control and does not need to infothe energy supplier or other actors.

Theconsumer however, will not adapits behaviour if it doesot receive enough incentives to adapt its
behaviour Incentives can be given at the level of energy prices, and network t&nfésgy prices are set
by theenergy supplier / retailerwho can set up package with more variabldiynamic energy prices that
fluctuate over time.

Depending on the roléhat consumers and energy suppliers take tig price risk is transferred to one or
the other actor. In case of the standard flat rate energy tariffs, it is the energy supplier wkpased to
wholesale price variation&.or instance, if his forecasted power demand is higher thqrected, the energy
supplier must ly additional power at the spot market, potentially at a higlweist. Energy suppliers /
retailers do hedge this risk iime sense that they charge a risk premium to consum@feen anenergy
supplier / retailermoves to more dynamic / regime prices the energy supplier has a lower risk on price
variations and therefore can decrease the risk premium. Nevertheless, thiegnhatcustomer takes up
more risks (Boeve et al., 2018)

When dynamic energy tariffs become more mainstream, the European Commission states in Article 11(2
that: dMember States shalénsure 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 ar
required to provide information to the final customer accordingly, ineigdvith regard to the need to have

an adequate electricity meter installdé When energy suppliers thus offer dynamic pricing contracts, they
must ensure consumers have all necessary informat@®enerally it is also recommended théabilling
information should be provided on a more frequent basis, at least monifihe supplier most ensure that

the consumer has access to data repository and adequate reporting tools so that he/she is able to analys
his/her consumption and so that he/she can see the paicall the different time interval{ CEER, 2020b)

The reason why proper communication towards and protection of the consumer is needed is that
consumers that are exposed to dynamic tariffould be penalised if they dmt adapt their consumption
patterns accordingly. This is not thase for explicit demand response where consumers would merely miss
out a direct payment(SEDC, 2015)

Network tariff incentives are in general set by tfegulator, however, in some countries individual DSOs
might also be allowed tset specific tariffs. Regulators in geneed$o ensure that awareness for demand
response and necessary regulations are in place to protect all aw¥itts regard to dynamic retail pricing,
GKS 9dzNRLISFY [/ 2YYA&daAzy RejHaibpauthokitigs shaliindni®rf tie marked H 0
developments and assess the risks that the new products and services may entail and deal with abusi
practicesb €

a

1N

39| 109



A< ambience

It should be noted that in case network tariffs also become more dynamic, it is plausible that adsethg
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 reductionsiahe corresponding payments)

is done based othe measured consumption of the buildinGonsumers are then settlday multiplying

the spot price with their actual measured consumpti@EER, 2019)o do this properly, consumenged
proper measurement equipment that can record consumption and injection at agprgmnularity level

(on an hourly or quarter hourly basijigure6 gives an overeiw of the roll out of electricity smart meters

in the Europearunion. It shows thaby 2025 most countries wilhaverolled out the smart meters with at
least 80% of their consumer®nly a minority of countries (like Belgium, Germany, Poland,2 I dvill I X 0
not have reached such high levels of smart engbll out by that time period(Tractebel engie, 2019%or
consumers that do not have smart meteiisis possible that the hourly price is charged to the consumer
via consumption profileCEER, 2019n case there are issues with reading consumption data from the
meter, standardised consumption profiles can also be use@seof technical problemsThe 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 outégulators, policymakers) therefore need to ensure that all consumers
have adapted measurement equipmehbne wants to implement more timdependent tariffs and prices.

As will be the core of chapter 5, in the future, DR will become pdfR&ontracts. In that case, ESCOs will
also become a major actor. This will be dssed in chapter 5.
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Target period for a wide-scale
rollout of electricity smart
meters
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Figure6 - Overview of Smart Meter Rollout of electricity smart meters with at least 80% of all consumers (source:
(Tractebel engie, 2019)

4.3 EXPLICIT DEMAND RESNBE
Explicit denand responsémplies that demanekide resources are traded wholesale markets (daghead,
intraday andmarkets for ancillary servicesyonsumers can offer their services individually or through an

aggregator.

4.3.1FLEXIBILITY REQUESEEPRODUCTS
Key flexbility requesters in our electricity system are the system operators and the. BRBg each have
specific responsibilities for which they are in need of flexibilligey can obtain this flexibility through
different flexibility services that are offereéd themin the form of specific products by flexibility providers

There are many ways to categorize these flexibility services and prodRiffesrent authors take different
approaches. For instance, Directivel20044 (Article 2(48)lefines an ancillarservice as such that it does
not include congestion managementhile the TSEDSO report on active system managemen{Brazie

et al., 2019)does mention congestion management as part of ancillary serdia@sthe purpose of this
discussionywe group them based othe different business models thabuld flow out of themln doing
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so, we took inspiration fronfDelnooz et al., 2019; Hillberg et al., 2019; Vallés et al., 2016; van der Veen et
al., 2018)In Table5, wegive an overview of the five categories of flexipiservices that can be delivered
to the different flexibility requesters.

First of all, there are th®alancing grid servicefTSO)Energy balancing implies that system frequency
needs to stay within a predefined stability range. If the balance betwsdsnand and supply cannot be
maintained, this might lead to voltage fluctuations, power supply fajlete. Energy balancing is primarily

the need of the TS@ case BRPs did not manage to avoid imbalaritésere remains an imbalance on

the cumulativeenergy portfolio across all relevant BRPs, the grid operators have access to balancing
services (FCRFrequency containment reserveSRR; Frequency restoration reserveRR; Replacement
reserve$ to resolve the imbalances (ancillary services). Thebl$®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 f8afe grid operationTSO & DSO): apart from its balancing oesbility,

the TSO also needs to ensure a safe grid operation. In this regard, TSOs have access to ancillary servi
6g2t Gl 3S O2yiNRf sz O2y3aSadArzy YIyF3aSyYSyidszx ot O
frames, balancing markets inhich 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 operatio
and managing grid constraints. As with ancillary services for TS@sulRilso offer grid services to DSOs.

Thirdly, there are services fé&ddequacy suppor{TSO & BRPjuch services aim to ensure thsgcurity of
supply is guaranteed by reserving enough capacity in different time fraies.is mostly important for the
TSO, yet in some countrig¢iike France) regulation might obliged the BBM®e responsible for adequacy
support as well.

Fourthly, one catrade on thewholesale marketdBRP). fis implies that market players can offer and sell
demand response actionqicelectricity markets (future markets (although most likely less applicable for
DR), day ahead markets (DAM) and intraday markets (IM)). The DAM offers standardized products to se
and purchase electricity that is supposed to be delivered the day after.IW also has standardized
products to sell and purchase electricity until shortly before delivery. The later market therefore helps to
correct for differences between redéiime and predictions. Future markets are contracted months, to years,

to multiple years before delivery and trade contracts for baseload power. If one wants to tratiesaype

of stock exchange markets, it is required to take up the role of a BRP which will then consolidate generatiol
and consumption in one virtual group that he neet balance (a portfolio).

Fifthly, one can provide services to help the BRP witRattfolio management a market participant could

offer balancing services to a balancing responsible party (BRP). Each BRP is responsible for a portfolio
access poits 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 qudrtenrly basis, he is subject to imbalance tariffs.
Different balancing options exist to manage atfaio 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 coulc
be used in dayahead and in redime portfolio management of the BRP. DR flexibilituldabe used to
optimize the dayahead scheduling of production and consumption or it could be assessed {tinteal
when there are deviations from the original scheduling.

Broadly spoken, there arbalancing services for TSOs, grid services for TSOs $@d, @nd more
commercial services by and for BRPs (or energy suppliers if they take up the role of a BRP).
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Table5 - Explicit DR flexibility services

Products Where? How?
Balancing 1 FFR TSO Balancing markets
(Frequency Control 1 FCR
Ancillary Servies) 1 AutomaticFRR

1 ManualFRR

T RR
Safe grid operation 1 Voltage Support DSO & TSO | Different DSO & TSO
(Network control & (steady state reactive, dynamic reactive and active procurement markets
System Restart) power)

1 Black start Support
1 Island Operation

(see products for balairtg and voltage control)
1 Inertial response

Congestion management

(reserved and nomeserved)

1 Grid capacity management
Adequacy support i Strategic reserves TSO & BRP | National capacity masks
1 Capacity payments
Trade on wholesale | T Longterm future markets BRP Wholesale markets
markets  Shortterm markets
Portfolio managemen, { BRP products BRP BRP/supplier trading platform
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4.3.2MARKET ACCEASSD PRODUCT REQWERITS
The products summarized in the previous sectiane productsthat flexibility providers can offer in
different markets (such as balancing markek&wever, as discussed in Deliverable 1.1, not in all countries
demandside resourceare allowed to participate in such markets.some countries, loadgpticipation is
allowed, but not aggregated loads. This would imply that only large industrial consumers can access thes
markets (SEDC, 2017)t is therefore important that aggregated loads are allowethe role of
(independent) aggregators will therefore be important in facilitating explicit demand resp&dsewill
zoom in on this irsectionO.

Next to market accesslekibility providers that aim to offer their flexibility through spiciproducts also

need to fulfil specific product requirement¥et, as stated b{GEDC, 201Tuch of these requirements
block demaneside resourcessC2 NJ SEI YLX ST | &ae2adsSyQa LK earasit@l f
resource to be available for between 30 minut@shours. 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 th
weekend(p.33f. Many product requiements are still oriented towardsld coalfired generation plants

and therefore pose problems for demaisitle resourcesFigure7 givessome exampleof (SEDC, 2017)
where they givesome of the most important issuegith regard to product requirements.

1 Oversized minimum bids: a consumer or aggregator may need to provide up to 50 N
participatec rather than the more standard 1 MW.

1 Extended duration or availability requirements: some demaitte resources may nate
available for extended periods of time or would present different availab
characteristics from generation (difference betweemeekdayswveekend, businest
hours/night hours, etc.).

1 Too frequent activations/short recovery periods: this is done waerSO does not war
to have to make multiple calls for resources but prefers to make a single call and thel
the resources available. This is convenient forTis® buteduces the ability of a range «
resources; including demand and renewable resoasc to participate.

1 Symmetric bids: few consumers can increase and decrease consumption equ
requirement for symmetrical bids acts as a significant market barrier to consi
participation. In Member States where the TSO is willing to enable DerRasponse
asymmetrical bids are allowed.

Figure7 - Examples of blocking product requirements (Source: SEDC (2017))

Q
"

45| 109



A< ambience

4.3.3AGGREGATOR
An important point for explicit demand response is that demaside resources could beaded either
individually oraggregated. In the latter casmdependent aggregators, or the consurs@ NXsgan hef S NJ
addressed to perform the aggregatigSEDC, 201 ost consumers who want taalorisetheir flexibility
do not have the means and the knowledge to do this directly via energy maaketsherefore make use
of an aggregatorBertoldi et al., 2016)An aggregatocreates one large pool with all smaller resources
combinedand sells it as a single resou(&EDC, 201 By doing so, they can ensure thatallar consumer
loadsdo have access to such markefpart from merely ensuring access to markets, the role of an
aggregator encompasses humber of important competencies, ranging from experience in identifying
flexibilities in different industriesynderstanding the limitations of such flexibilities, estimating customer
flexibilities potential (as they might not know this themselyeahd aggregators need the technical
capability to physically connect consumers to integrated their load into their aggrégatol(SEDC, 2015)
As visualized biagure 8of USERvan der Veen et al., 201,8he aggregator facilitates flexibility provision
from prosumers to flexibility requesters.

f‘-\‘\ Production
Process

Emergency
Generators

g}
Cooling
Systems
flexibilit
Heat Pump y flex
Solar Aggregator TSO DsO
/9*

Electric
Vehicle L/

Airco System

Prosumer

Storage 150

systems

Figure8 - The aggregator as an intermediate facilitating party between the prosumer and the BRP/TSO/DSO
(Source(van der Veen et al., 201&) USEF)

The role of the aggregator can be taken up by thestwnmer retailer However, this actor may have a
potential conflict of interes{they may earn a large part of the annual reviews when prices are aigh)
might not be specialisednough(European Smart Grids Task Force Expert Group 3,.284 @) result, the
introduction of independehaggregators to markets is important. Competition between aggregators will
also imply that DR becomes morgdresting for consumers and this is necessary to make camsumers
are willing to behave flexib]ySEDC, 2017)
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4.3.4ACTORS AND ROLEDINFERENT EXPLIEMBNDRESPONSBUSINESS
MODELS
Unlike implicit DR, explid2R requires more actors to be involved. The involved actors also take up different
roles and responsibilitie§Zheng Ma et al., 2017)

First of all, theconsumeris not anymore in direct control. It offeits demand profile to an aggregator who
can then make sure that the consumer has access to flexibility marketsase the aoesumer is very large,
it can provide its flexibility direct to theorrect markets without a third party being involved.

An aggregatorthus makes sure that multiple consumers get access to markets by giving thermtiaéra
incentives to offer their flexility. As such, the aggregator creates a pool of flexibility resources, which it
can offer toBRPsand network operators An aggregator can offer ancillary services to TSOs, congestion
management services to DS®g]p BRPs to balance their portfolipeeTable5). The role of suppliers is
smaller in this casesthey could take up the role of aggregator for their consumEm. mostconsumers,

the link with BRPs and network operators remains invisible as they are only in dirgattcaith the
aggregator. The role of the aggregator is discussed in more detail in previous sections.

Finally, as was also the case in case of impliciaPdjulator needs to ensure proper regulation is in place
for all actorsin chapter 5, we discuss more detail the potential new role of ESA@sffering explicit DR.

4.3.5FLEXIBILITY MARKEHQUIREMENESID REVENUE SHARMGDELS
Unlike implicit demand responséwhere there is no obligation tdeliver flexibility)in case of explicit
demand responsehiere isthe need to quantify how much flexibility has been deliver@guropean Smart
Grids Task Force Expert Group 3, 2@8antifying fexibility is not always straightforward, and to do, so
different steps and requirements are needed. Below an overigegiverof some importanissueghat are
to be taken into account.

1 Contract first of all, consumers need to sign a contrac agreemat with an aggregatorin 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 consuniph of a consumer when there is a need for it (that is, when electricity
prices are favourabl§BEUC, 2019 through the contract the consumer commits upfront to alter
its load himself within predefined boundary condition§van Ginkel eal., 2018) Such contracts
also specifyagrea flexibility requirements between the prosumer and the aggregaod the
remuneration modelThe contract itself will diffeamongdifferent countries due to differences in
regulation,in customer segmentas well as imrequirements for flexibility productfUSEF, 2016)
The contract also specifies how the settlement takes place.

1 Plan oncea contract is signed, the aggregator makes flexibility forecasts for its portfiotibents
for the next day The aggregatowill compare how much flexibility is needed and how much
flexibility canbe offered with its portfolio.
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1 Measurement and communication clear measurement standards and/or requiremerdse
needed in order to propely collect consumption data This is especially the case when an
aggregator communicates with a system operator on behalf of a pool of |tatsalso when an
aggregator wants to verify how much flexibility a prosumer has delivekdeasuement and
commurication protocols should therefore not only count for individual consumers alaallow
an aggregator to combine data froms customers(SEDC, 2017)

1 Prequalification apart from the measurement of the deliveretéxibility 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 measurerant burden on individual consumers given the fact that the aggregator can take up
this task.(Bertoldi et al., 2016)

1 Verification: after the flexibility has been used, it is necessary to verify if this flexibility has indeed
been delivered properly by the prosumer atoddetermine how much flexibility has been delivered.

To do sothere needs to be a way to quantify flexibility from demaside resources. There is a
large difference between generation as resources and load changes from demand. As stated by
(Goldberg & Agnew, 2018)t isinot possible to meter or otherwise directly observe load reduétions

(p. 14) This is done by comparing the actual meadurensumption 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 fibility. 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 faabrs 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 basatie also needs to be easily and rapidly calculataldehat 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 weilogies act well for the
verification of one service, but not for another service. Most likely there is therefore nesiaee

fits-all solutions as depending on the service delivered, different criteria (event duration, timing,
frequency...) have to beken into account. The methodologies also need to be very transparent to
ensure that flexibility providers trust the methodology to be accuré&EDC, 2017)

As explained bfRossetto, 2018}here are 5 baseline methodologies defined by NABS8BFigure9). Each

of these methodologies have different variations. This deliverable will therefore not discuss all different
baseline options, yet according {Rossetto, 2018BTI methodologies are the most canonly adopted

for demand reductions on energy markets, MBL metblodies are more common for capacity
commitments, MBMA methodologies are common for ancillary services and MGO methodologies are use
for on-site generation units. A general conclusion regarding baseline methodologies therefore is that the
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proper baselineshould take into account the specifaharacteristicsof the flexibility service delivered
(Rossetto, 2018)
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Figure9 - Common baseline methodogies (Source: p4 (Rossetto, 2018))

1 Settlementfinally, there needs to be a settlement of deliedrflexibility. This implies that markets
should pay for the flexibility provided. The payment criteria should be open and transparent to all
stakeholders ad similar sevices should be remunerated equally independent of the flexibility
source(Bertoldi et al., 2016)In case of norwompliance, penalties should also be clearly defined
without prioritizing one resource over another ofRertoldi et al., 2016 Explicit demand response
sources could benefit from two types of remunerations: on the band there are remunerations
for activation of the DR flexibility (utzktion), 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 distinbBomeen
availability and activation. Remuneration for DR availability is arranged throughtdong
(capacity) or shorterm (reserve) marketgPototschnig, 201 AVhenexplicit demand response is
offered toa 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 remainingevenues could then we shared over all units in the pdbis can be
done based on a predetermined fixed price. Gapacity revenues could be distributed among all
units according to their effective average availabjlépergy revenues could be sharedded on
the marginal cost of the units in the pa@herit-order). These are just some examples of aggregator
revenue sharing model®ifferent options exist and depend from aggregator to aggregator.
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4.3.6 CHALLENGH® PROVIDE EXPLICEMAND RESPONSE

As indicagd in thisand the previous deliverabdethere is still a significant amount of challenges for explicit
demand response.

We alreadyndicated thatmarket access and product requiremengése one major barrier for demanside
resources. In some countriese simply cannot accesgholesale or flexibility marketsA second issue is

that when they are allowed to enter, the product requiremerte sometimesso stringent, that they
cannot fulfil them. A solution to botbf these issues could e access the niets through aggregators

who then could access markets through aggregated loads. However, in some countries aggregated loads
independent aggregators are not allowd@EDC, 2017)

The H2020 E3ysflex project is tikkingin more detail to the issues of product requiremenitsaims to look

at the new needs that the electricity system is havihg to the increasing levebf distributed energy
sources Based on these needs, it aims to identiéw types of serviceand adapted product requirements.

In theHgure 10, EUSysflex highlights for renewable energy sources thetd is a large amount of capacity
installed that could be used on for instance balancing marietscelet et al., 2020VNilleghems 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 o
not, and it shows thathere ae for instanceseasonal difference®lthoughHgure 10 is not focusing on
demand response technologies, it shows that taking into account multipldactors (such as the

tempordity of the product) product requirementscould be mademore technobgy neutral This will
increase the capacity available different flexibility markets.
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Figurel0- Offered capacity in relation to procurement cycle, compared to installed capadgufce(Poncelet et
al., 2020; Willeghems et al., 2020)
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(European Smart Grids Task Force Expert Group 3, 208®highlights that wheit comes to product
requirements, products should contain molecational information. Such information beconsemore
important for grids wherthey come to services like congestion management.

In generalthere is also &ignificant lack of standardisatioacross different countries which implies that
technology providers have different technology requirements in different countfieseach market, they
would have to adapt their devices and systems. This is expensive or it might not be worth damghsng

that not all customers have access to the same technologies to be able to offer their seffzicepean
Smart Grids Task Force Exp@roup 3, 2019)Differences in technology requirements are also not
convenient with regard tadata access and data sharin@he latter is also complicatedue to GDPR
regulations(European Smart Grids Task Force Expert Group 3, aZb¥oints out thatneasuring at the
connection point is not always the most optimal measuring poamtg that the usage of sulmeters
(potentially even embdded in specific appliances) could be useful. However, this is not always supported
by the regulatory frameworlkn addition, for some countries, roll out of smart metergang slow.

In many countries, there is also lack of framework for demand sideresponse providers. Proper
remuneration systems exisiften for generation, but not for demand side resourc&mancial incentives
are thus often lackingin addition, there is no appropriate methodology for determining the basglioe
are therealwaysclear allocatios of energy volumewith regard to thebalance responsibilityTo be able
to work with independent aggregators, a Transfer of Energynework is requiredthat allows the
procurement of flexibility at connection points in the low voltag&gra independenaggregators.

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 avaidnflicts on remuneration and accounting of
energy flowsvhen the consumerfavetwo contracts.(European Smart Grids Task Force Expert Group 3,
2019)(USEF, 2@®) illustrates this inFgure 11. Proper baseline methodologies therefaneed to be able

to separate the impacts of implicit and explicit demand respotisshould be notedhat we discussed
challenges on baseline methodologies already earlier in éusrt.
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Figurell - implicit and explicit demand response with separate contracts (Sou(dSEF, 2015)

The challenges previously indicated doe# demand response technologies in general. Hegve in the
context of the AnBIENE projectis relevant to mention that there are specific challenges related to
buildings providinglemand responsebuildings are more diverse and heterogeneous than general demand
response technologies. In addition, a loing consists of different technologies, can have different
occupancy rates which influence its consumptiand lack standards given the facts that buildingstant

in different time periods
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