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ABSTRACT

This literature study has been executed in the framework of the CESEPS project that aims at develop-
ing knowledge about the actual performance of smart grid technologies, products and services in the
context of end-users of local residential smart grid pilots. In this ERA-Net Smart Grids Plus project is
assumed that a multidisciplinary approach is necessary that integrates technical aspects with learning
from end-users and stakeholders to investigate the development and performance of residential smart
grid projects, including the smart energy products and services (SEPS) implemented in these projects.
To support the envisioned research of the CESEPS project this literature study captures existing expe-
riences and knowledge about smart grid environments based on the three-layer model of market-
places, technologies and stakeholder adoption. Therefore, the various chapters presenting findings
from literature are structured along the ERA-Net three-layer research model (marketplaces, stakehold-
ers and smart grid technologies). SEPSs and the possible effects of the design discipline on the reali-
zation of successful SEPSs are presented in the final chapter.

Incentives at market level for smart solutions are present; aggregators can operate on the spot mar-
kets (i.e. by energy arbitrage) and on the balancing markets. From a market-based perspective, one
can argue that when the shares of renewables in the grid would increase to (very) high levels, their in-
herent fluctuations would cause more volatile spot market prices and higher imbalance prices, thus
providing higher incentives, and possibly business models, for smart solutions. On the other hand, one
can argue that before this is the case, stakeholders need to gain experience on these smart solutions
because of the pivotal role the electricity system plays in our society. Whether the current market
model is suitable for deploying smart grids, remains matter of discussion.

The main aim of the stakeholder analysis was to be able to explore the key findings regarding smart

grids stakehol dersd experiences in smart grids develo
multidisciplinary study of smart grids. One main focus wasonthefi el d of users. The term
described in current research, do not only have different labels (consumers/pro-sumers/end-users) but

are also assumed to behave differently from each other.

Technology and corresponding systems are the basic principle for the development of SEPS. There-
for the potential level of flexibility of different technologies and systems was analysed. In terms of
power supply or demand, most systems range with typical power connection values of households
(~4kW). Depending on system configurations, EVs or PV systems may excel this value significantly. It
is shown, that the investigated systems at residential level provide different potential for flexibility appli-
cations. Whilst existing systems like PVs, heat pumps or appliances provide limited controllability, es-
pecially the introduction of stationary BESS enables full flexibility for local optimization or ancillary ser-
vices.

Finally, it has to be noticed that the current research efforts in the evaluations of SG performance are

mainly based on technological perspectives, market perspectives, and in a very limited extent on end-
user perspectives and the SEPS applied. Furthermore, there exists general consensus on the need to
engage the end-users for the successful development of smart grids. Since actual SG pilots often re-

ported on lack of empowerment, limited insights into management systems, and their high complexity,
future approaches of SEPS should aim for a reduction of complexity which will result in an increase of
acceptance of such products or services by end-users.
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1 GENERAL INTRODUCTION

The integration of intermittent renewable energy sources and decentralized energy production in exist-
ing electricity grids is a technical and organizational challenge. Often such a future electricity grid is
referred to as a smart grid. However, after technical aspects, the second biggest challenge in smart
grids development is to understand consumer behaviour in future grids as social acceptance and a
more active role of energy consumers are of great importance for the success of smart grids. To over-
come these challenges in the CESEPS research project (Reinders et al., 2016) it is investigated how
knowledge about technologies, marketplaces, emerging user needs and their adaption, as well as
needs of stakeholders in business and governance can be merged and implemented in smart energy
product and services.

To be able to embed the CESEPS project well in ongoing research on smart grids and to be able to
focus on specific research directions which have not been explored so far, it is necessary to first cap-
ture visions, approaches and research results of past smart grids projects and smart grids research
with the aim to yield new knowledge by the future research in the CESEPS project. For this reason, a
literature study has been executed with a focus on the three-layer model, see Section 1.2 for details,
behind the CESEPS project, which covers the themes of marketplaces, stakeholders and technolo-
gies, in the context of smart energy products and services (SEPS). Another objective of this literature
study is to develop a common framework for interdisciplinary research on smart grids to be executed
by researchers with diverse background that collaborate in the CESEPS project.

This report presents the findings of this literature study which was executed in the period from August
2016 until January 2017 by researchers at eseia, Austrian Institute of Technology, University of
Twent e, Utrecht University, Wageningen University and
chapter structure refers to the three-layer model in the context of SEPS, namely Chapter 2 will present
findings from literature on smart grid marketplaces, Chapter 3 will discuss stakeholders, among which
end-users, Chapter 4 will report on smart grid technologies, and Chapter 5 on smart energy products
and services.

The literature study comprises a review of journal papers, conference papers, reports and websites of
interest to the CESEPS project. Collected literature was stored at a centrally accessible share point at
Austrian Institute of Technology and subsequently read and reported about by the various team mem-
bers. According to a search in Scopus, which took place in June 2016, since 2008 the increase of pub-
lications on smart grid topics has led to a massive volume of more than 4000 publications per year in
journals and peer-reviewed conference proceedings, see Figure 1. A more detailed search showed
similar trends with preferences for certain technical topics, see Table 1. In the research team, it was
therefore discussed which part of this publications should be included this literature study. It seemed
logical to focus on publications from 2008 onwards with an emphasis on review papers on topics rele-
vant to smart grid pilots. Moreover, it was observed, see Table 1, that in smart grid research publica-
tions on end users and their interaction with energy products and services were underrepresented

Yearly number of publications on "smart grid" in
Scopus (196@015)
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2A significant part of this chapter has been written by Angele Reinders and Uche Obinna



Figurel.Yearly number of publications found by applying

Tablel. Overview of total number of publications found
another search term in Scopus.

Scopus hits for Smart Grid AND o0Search

General A total of ~25,000 publications found for Smart Grid since 1966 the first year in which
this term was used, see Figure 1

Search term Number of hits Publication
years (> from)

Marketplaces Residential 1048 > 2003
Commercial 495 > 2008
Utility 3524 > 2005
Buildings 1553 > 2007
Stakeholders Prosumer 128 > 2009
End user 427 > 2008
Consumer 2044 > 2007
Customer 1705 > 2005
Technologies and Methods PV 627 > 2007
Electric Vehicle 722 > 2009
Storage 2501 > 2005
Heat pump 166 > 2007
Display 112 > 2007
Wind 1427 > 2005
Power management 262 > 2003
Micro-CHP 21 > 2007
Monitoring 2151 > 2003
Simulation 4252 > 2002
Smart Energy Products and Ser- Energy product 6 > 2009
vices (SEPS) Smart appliance 114 > 2010
Appliance 918 > 2003
Home energy management system 137 > 2008
Home energy management 222 > 2008
Energy service 119 > 2009
Demand side management 885 > 2008
Demand response 664 > 2008
Peak shaving 114 > 2008
Forecasting 798 > 2008
1.1 A short introduction to the CESEPS project

CESEPS is an acronym which means Co-Evolution of Smart Energy Products and Services. In biol-
ogy, co-evolution is the term for a long-term process by which several organisms evolve together while
adapting to 1 and in time, changing i environments. Organisms make use of other organisms by build-
ing partnerships or by living on or in them, and have to adapt to their environments and to these rela-
tionships. These adaptations result in future generations with features more suitable for survival, often
by improved mutual relationships i different organisms working better together- and sometimes these
changes are that large that the next generations are so different that they may become different spe-
cies. By applying this co-evolutionary thinking to the mid- and long-term development of smart grids, in
the CESEPS project the 6smart gridd is seen as
tions, end users, and other stakeholders as complementary organisms having to collaborate to make
the smart grid function as intended: flexible, energy-efficient, reliable and robust, sustainable, and
cost-effective. In that sense the co-evolution of multiple compatible smart grid technologies are put in
the context of society and product development from a process perspective.

search
by app
an enyv



Till now the introduction of the smart grid concept has been merely technical and has led to about 250
smart grid pilot projects in Europe (Covrig et al., 2014, Giordano et al., 2011), at present leading to an
estimated number of about 800 sites. According to the International Energy Agency (IEA, 2011), a
smart grid is an electricity network that uses digital and other advanced technologies to monitor and
manage the transport of electricity from all generation sources to meet the varying electricity demands
of end-users. Smart grids co-ordinate the needs and capabilities of all generators, grid operators, end-
users and electricity market stakeholders to operate all parts of the system as efficiently as possible,
minimizing costs and environmental impacts while maximizing system reliability, resilience and stabil-
ity.

The CESEPS project focuses in particular on residential smart grid projects in two countries, namely
Austria and the Netherlands, which both have a different profile in relation to the share of renewables
in electricity consumption. For instance, with just 5.5 % the Netherlands shows one of the lowest
shares of renewable energy in whole Europe while Austria is one of the front runners with on average
75 % of renewable energy and in some areas even 100 % thanks to a high penetration of hydropower
and wind energy. It can be easily understood that these differences may result in different expecta-
tions and other technical specifications and operation of smart grid projects.

In the Netherlands, an increase in the number of smart grid pilot projects has been withessed since
2008 resulting in more than 30 Dutch pilot projects running at present, half of them in residential areas.
In Austria, these developments resulted in a similar number of projects. In these projects, new energy
technologies are put into practice including photovoltaic systems, in-home energy displays, smart ap-
pliances, electricity storage and electric vehicles, and energy services such as billing, energy trading
and energy management. Various new energy-related products and services, see Figure 2, such as
smart meters, smart appliances, e-vehicles, and in-home automations are being offered in residential
smart grid pilot projects. These products and services are expected to support the active participation
of end users in balancing energy demand and supply in the electricity network. One well-known project
is PowerMatching City in Groningen, which explores a smart grid from the perspective of energy tech-
nologies, ICT (PowerMatcher), end users and markets. Lessons learned from smart grid pilot projects
such as PowerMatching City, SmartLowVoltageGrid in Austria, Smart Region Késtendorf and Eber-
stalzell in Austria or LochemEnergy in the Netherlands will support the present research.

behavioral change

energy management

ntermediary prod and services
Home / community energy management systems

Core
Energy generators (PV, heat
pumps etc), appliances ...

Figure 2. Conceptual framework for residential smart grid products and services.

Previous studies have concluded that separate energy technologies usually perform well, however to
improve the functioning of the whole smart grid environment, the combination of energy technologies
in one integrated system should perform also well. From that perspective end users need to be taken
into account in the design of products and services that support active user involvement. The end us-
ers are empowered in the production and management of energy, and insights from other stakehold-
ers involved in residential smart grid pilots are needed to complement existing experiences. These
studies are relatively limited due to their low number of participants and therefore low statistical rele-
vance. Moreover, there is a lack of evaluations of the marketplace of energy and energy products and
services in smart grids from end users and multi-stakeholder perspectives. Due to the limited infor-
mation, the development and performance of various energy-related products and services that could



support a better participation of end users in future residential smart grids development are rather be-
hind compared to other industries that develop technology-based products such as the ICT mobile
sectors.

From a theoretical point of view the energy performance of smart grids at the low voltage level mainly
depends on three factors: technical aspects, financial aspects, and human aspects. Technical aspects
such as the configuration of an energy system, local climate and weather conditions, the appliances
installed and the construction of dwellings are usually taken into account in the development of new
smart grid projects. This also applies to financial aspects such as the type of pricing of electricity (dy-
namic or time-of-use), investment costs, and O&M costs. On the other hand, human aspects are usu-
ally given insufficient attention during the preparation phase of new smart grid projects. They include
the interaction of residential end users with smart energy products and end user behaviour towards
energy efficiency, local production of sustainable electricity and trading of electricity. So far, under-
standing of r esi Hawioutin snhrt eaengy systesne nessilfs frdmepost-evaluative re-
search in existing smart grid pilots that serve as Living Labs. In recent years, consumer research in
the field of smart energy systems mainly focused on the technical feasibility and functioning of intelli-
gent networks. Only a small part of this research (Geelen et al., 2013a, Kobus et al., 2013, Obinna et
al., 2016, Verbong et al., 2013, Wolsink, 2012) considered the evaluation of the energy balance of
households and the interaction of end users with smart energy and the necessary smart grid product-
service combinations. This type of research has been explored only to a very limited extent; of the 219
EU projects in the field of smart grids which have been undertaken between 2001 and 2011 only 8 %
is in the category of 'home application - customer behaviour' (Giordano et al., 2011). Though this
share is slightly growing the research team of the CESEPS project expects it still to be below 10% at
present. Within this category of projects the focus is on smart meters, energy saving, and a smaller
proportion on electric vehicles. Much of the research has a top-down approach in which the experi-
ences of energy suppliers and energy distribution companies are the key element. Experimental re-
search on end users in smart grid pilots and their needs and wishes as energy customers has been
performed in only two projects with an emphasis on the analysis of monitoring data of energy flows in
domestic smart energy systems. In the Netherlands, only two out of thirty smart grid pilots have been
subjected to in-depth consumer research, and only one research activity exists in the field of multi-
stakeholder analysis of smart grids. Also in Austria, a couple of customer-orientated research pilots
(Consumer2grid, SmartWebGrid, etc.) exist, but in general these projects lack sufficient consumer fo-
cused evaluations. Therefore, it is very likely that our research will fill a void of knowledge and experi-
ences in the smart grid research sector in Europe and probably also elsewhere.

1.2 The approach of the CESEPS project

To overcome the challenges and limitations that arose in the previous studies, we proceed with a co-
evolutionary approach through which technology, marketplaces, emerging user needs and their adap-
tion, will be merged using the three-layer research model for Smart Grid environments which is pre-
sented in Figure 3.

Technology

Smart grids host a large number of diverse energy technologies and ICT. In the framework of our re-
search project we have selected a limited number of technologies, based on their relevance and im-
pactinthe | oc al smart grids that wil!/l be evaluated and va
safety aspects and overall network reliability regarding their energy and power flows, energy-effi-
ciency, local sustainable energy production and consumption, demand side management by self-con-
sumption of energy generated in the smart grid pilot, forecasting techniques and mutual trading of en-
ergy with neighbours, controlled charging of electric vehicles (EV) by renewable energy sources and
patterns of use.

Marketplace
Existing smart grid energy products and services will be evaluated as well as new solutions will be cre-
ated in order to shape changing energy market structu

products that support safe and reliable operation of local smart grids, demand side management and
electric mobility in smart grids with a high penetration of renewables. From the perspective of energy
markets, the microeconomics of smart energy products and services will be evaluated in terms of in
terms of return on investments, Net Present Value and levelled costs of electricity in relation to real-
time pricing versus time of use pricing. In particular, in the field of e-mobility financial comparisons will
be made between electric charging and consumption of fuels in cars equipped with a combustion en-
gine.



Figure 3. The three-layer research model which is applied in the CESEPS project.

Stakeholders/Adoption

Adoption of end users such as individual persons and communities is a significant issue which regards
new features in smart grids such as demand side management, exchange of energy with other end
users, a high penetration of renewable energy at a local level, the required flexibility for prosumer in-
teractions and e-mobility. By interviews and observations of all smart grid stakeholders (both end us-
ers and utilities, policy makers, network operators et cetera) their experiences, expectations and
modes of interaction between them, will be captured to understand the acceptance, preferences, and
practices occurring during the pilot projects. Information resulting from these studies will subsequently
be applied in co-evolutionary development of smart energy products and services.

1.3 Aims of the CESEPS project

CESEPS aims at developing knowledge about the actual performance of technologies in local smart
grid pilots by monitoring and evaluating data from these projects and executing measurements on site.
Complementary to the experimental approach, theoretical modelling of energy performance of smart
grid technologies and their interaction will be established. The role of stakeholders and end users in
local smart grid pilots will be explored by gaining insights into their needs and wishes for smart energy
products and services, the needed changes in their energy practices, and contextual barriers encoun-
tered.

To realize these objectives, existing smart grid environments will be explored by evaluating the perfor-
mance of energy products and services as well as end user perceptions and stakeholder processes.
The research in this project will perform a comparative validation of smart grid technologies and con-
cepts in more than four existing demonstration projects in the Netherlands under the umbrella of the
Smart Energy Collective of DNV GL, such as PowerMatching City and pilots in the cities of
Heerhugowaard, Lochem and others and in six ongoing pilots Austria called E-mobility on Demand,
PlanGridEV, iWPP-Flex, EcoGrid EU, Hybrid-VPP4DSO, IGREENGrid, and others.

Adding to existing smart grid pilots, innovative technological concepts for e-vehicles with fuel cells,
smart solar charging and other charging solutions will be developed within the framework of the Green
Village of TU Delft, the Living Lab Campus of University of Twente and Vehicle2Grid in Utrecht. Be-
sides comparative data analyses and user surveys this three-year project comprises various simula-
tion activities to model existing and innovative smart grid energy products, using transient and static
modelling, with time scales ranging from microseconds to 15 minutes.

14 End-user engagement in Smart Grids

The transition to smart grids would create electricity systems that enable consumers to make informed
and empowered energy-related choices and make personal behavioural changes (DeWaters and
Powers, 2011, ECME, 2009). In this regard, evaluative studies and reports, such as (EC, 2011b, ETP,
2010, IEA, 2011) have highlighted the relevance of end-users in smart grids deployment. According to
the International Energy Agency technology roadmap smart grids, end-users of the Smart grid must be
involved on all aspects of relevance before and during the deployment, but also to allow for the end-



users feedback and requests for adjustments after the deployment and during the actual use and op-
eration (IEA, 2011). The report further stated that so far, end-users have not been adequately involved
during the Smart grid planning process (IEA, 2011). The European Technology Platform stated that
since end-users (at the residential, service and industrial level) will ultimately determine the success of
an energy system based on smart grids, it is very vital to promote active user participation in Smart
grids (ETP, 2010). The role of engagement and involvement of consumers in sustainable consumption
is also acknowledged by the EC Task Force for
ment and education of the consumer is a key task in the process as there will be fundamental changes
to the energy retail market. To deliver the wider goals of energy efficiency and security of supply there
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Various studies on smart grids (Gangale et al., 2013, Geelen et al., 2013a, Honebein et al., 2011, IEA,
2012, Mah et al., 2012, Verbong et al., 2013) also re-affirm the important role electricity end-users at
the low voltage household and residential areas are expected to play in the deployment of smart grids
and its associated technologies. Honebein et al. stated that the success of Smart grid initiatives de-
pends on customer action. They suggested that observing, understanding, and engaging consumers
at the early stages of development of smart grid initiatives will support the realization of the full poten-
tial of Smart grids (Honebein et al., 2011). In their views, a social roadmap for smart grids will be re-
quired to complement the technical roadmaps from the utility industry. This is their opinion, will provide
a better understanding of end-user experiences, transform end-user relationships, and drive end-user
engagement. According to Verbong et al. (Verbong et al., 2013), the extent to which users are willing
and able to accept and use smart grids determines the success of smart grids. Verbong et al analysed
practices and perceptions of stakeholders on including users in smart grids experiments in the Nether-
lands. In their study, interviews were conducted with stakeholders related to smart grids and the en-
ergy sector. The study shows that Dutch smart grid stakeholders recognize the importance of active
participation of residential end-users towards the successful implementation of smart grids. It however
revealed that the focus in the Smart grids deployment is still mainly focused on technological issues
and economic incentives. This is because end-users are often considered a barrier to smart grids de-
ployment; hence, the use of economic incentives appeared the best instrument to solicit their participa-
tion in Smart grids (Verbong et al., 2013). In their opinion, there currently exists a lack of clear pro-
posal on how to really involve end-users, and support them as co-providers in the future electricity sys-
tem. The study concluded that the current neglect of the role of end-users could be a potential obsta-
cle to the introduction of Smart grids. They suggested that new innovative business models be devel-
oped to explore different options to involve users. This in their opinion will support end-users in em-
bedding new smart grid technologies and options into their daily routines.

The important role of consumers in the success of smart grids was re-echoed by Gangale et al. (Gan-
gale et al., 2013). They stated that given the important role of end-users, it is important to observe
them in their social context (e.g. household or community). This is in order to understand and involve
them in the early stages of smart grids deployment. This is their opinion, will support them to success-
fully assume their new role as active participants in the electricity system. It will also support the future
electric power system to deliver the expected goals. In recognition of the important role of end-users in
Smart grids deployment, Ngar-yin Mah et al. (Mah et al., 2012) carried out a survey of end-users in
Hong Kong to find out how they might respond to the opportunities that smart grid technologies offer.
The study concluded that it is important to explore how the potential contributions of consumers in
Smart grid technologies can be realized in order contribute to the transition towards a more sustaina-
ble energy future. According to Geelen et al. (Geelen et al., 2013a), a transition to smart grids thus al-
lows consumers to play an active role in energy provision. The study stated that end-users of electric-
ity will shift from ordinary consumers who buy energy from an energy supplier to producers of energy,
thereby actively taking part in the energy market. According to Geelen (Geelen, 2014), energy stake-
holders from the government and private sector try to involve residential end users in the supply and
demand management of electricity in a smart grid. This is because they can become producers, and at
the same time contribute to demand response (DR), which is considered a resource in the manage-
ment of supply and demand (Giordano et al., 2011, IEA, 2011).

From the foregoing, it can be observed that most studies on end-users in smart grids recognize the
importance of an active involvement of end-users at the household and residential areas. This is ap-
parently the reason why an increase in the interest in consumer engagement projects at European
level and a strong focus on the residential sector has been witnessed in recent years (Gangale et al.,
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and colleagues revealed that projects involving end-users focus on two main objectives: 1) acquiring



deeper knowledge of consumer behaviour (observing and understanding the consumer), and 2) moti-
vating and empowering consumers to become active energy customers (engaging the consumer). The
first objective mainly involves collecting information on consumption patterns, needs and consumer
experiences; exploring consumer response to new regulatory, technical and market solutions; and
identifying consumer segments and early adopters. The second objective entails provision of infor-
mation to consumers about newly introduced smart technologies/ applications; providing information
about energy consumption; and investigating strategies aimed at behavioural change.

15 End-users as co-providers in Smart Grids
Current studies have emphasized the need to involve end-users not just as energy consumers in
smart grids, but as energy citizens (Goulden et al., 2014) or co-providers (Geelen et al., 2013a, Van
Vliet et al., 2012). Goulden et al. (Goulden et al., 2014) explored the role of end-users in electricity de-
mand side management, and the contexts in which such roles might emerge. Using focus groups with
novel scenario techniques, the study contextualized smart grid technologies in domestic settings. Two
contrasting visions of smart grids were provided namely: a centralized system based on current institu-
tional arrangements, and an alternative system based on decentralization of generation and control.
The study employed the concepts of O6energy consumer 0
public participating in the future energy system: as energy end-users and energy system participants
respectively. They conclude that the energy citizen holds out most promise advancing decentralization
of generation and control, where the challenge of realizing the smart grid involves both institutional
and technical aspects. Goulden and colleagues proposed that Smart grid designs look beyond simply
the technology and recognize that a smart user who is actively engaged with energy is important for
electricity demand-side management. This will require a shift from centralized, hierarchical paradigm
which has defined the energy systems of the last century, where centralized generators increasing
monitor and control end-user consumption. The conclusions by Goulden et al. corroborate similar find-
ings by Wolsink (Wolsink, 2012). Wol si nk proposed a shift from O6centre
ment 6SM)Clt o 6Di sGenMi Grids6é (distributed generation m
generatorsandend-user s is eliminated, and r emmlnagedneinn Ht eodd rley
sources. These findings are similar to the type of energy system users deployed by van Vliet et al.
(Van Vlietetal.,,2012). Van VIiet and combhhaeggmestdebinedsodédaoces b
relationship between providers and consumers.VanV Il i et et al . -psedi ddreo tteo mr éfce
a trend in which communities collaborate with utilities to achieve solutions in managing water, waste
and electricity. The term implied a more active contribution by end-users, in contrast to being only con-
sumers of resources (passive consumers to active contributors). The study revealed that the restruc-
turing of infrastructures stimulates utilities to cooperate with end-users to develop environmentally sus-
tainable systems. Van Vliet identifies three types :(i) customer; (ii) citizeni consumer; and (iii) co-pro-
vider. The citizeni consumer; and co-provider as used by van Vliet is similar to the energy citizen re-
ferred to by Goulden at al.(Goulden et al., 2014).
In the context of Smart grids at the low voltage areas, Geelen et al. (Geelen et al., 2013a) used the
ternsprfiocvi si ompd cvndleffdo t o refwgertxd rrexli e eint icadnternidbut
and supply balancing of electricity in Smart grids. They stated that the transition to Smart grids,
whereby end users shift to the role of co-providers, suggests that household energy management will
involve:

1) Efficient use of electricity,

2) Planning and or shifting electricity consumption to moments most suitable for the energy

system, for example, during the availability of locally generated energy or at periods of low
electricity demand,

3) Producing electricity when it is favourable for the local grid, for example using a micro-co-
generation unit,
4) Trading self-generated electricity that is not used by households.

Geelen et al. were of the view that the biggest challenge in smart grids transition is to develop a sus-
tainable system of energy provision where local energy networks and co-providing end users operate
in cooperation with larger scale utility companies (Geelen et al., 2013a). This in their opinion will in-
volve developing technologies that balance energy generation and consumption, but also a more ac-
tive role of end-users in energy provision. The study suggests that for end users are to become co-
providers, they will have to be empowered in relation to the four aspects of co-provision mentioned
above. An important aspect of this empowerment is a change in energy-related behaviour. They stated
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that an important challenge is to get the end user involved in such a way that she or he will play an ac-
tive role and in that way directly contributes to the energy transition. This implies that the end user per-
spective should be involved in technical innovations within smart grids; in creating conditions for smart
energy products and services; as a guideline for institutional and social innovation.

At the moment, limited knowledge exists regarding to what extent a co-provider role has been facili-
tated in smart grids deployment. The following section will explore current products and services in
smart grids. These products and services facilitate an active participation of residential end users in
smart grids. The section will also highlight to what extent these products and services have supported
a co-provision role for end-users in smart grids.

1.6 Current Smart Grids products and services for households

One of the new scenarios or possibilities of smart grids is the development of new products and ser-
vices. These smart grids related products and services will have to support end-users in their role as
co-providers in the management of the electric power system (Geelen, 2014).

Smart grid products and services have been described in various ways by different studies. For in-
stance, Kobus et al. (Kobus et al., 2013) refers to these products and services as smart energy tech-
nologies, which aim at reducing or shifting energy demand of household end-users. Examples include
Energy Management Systems (EMSs) and smart appliances. A study by Geelen et al. (Geelen et al.,
2013a) classified current products and services for the residential end users as: micro-generators,
smart appliances, energy storage systems, smart meters, dynamic pricing and contracting, and energy
monitoring and control systems. Energy monitoring and control systems are also referred to as Home
Energy Management Systems (HEMS) (Geelen et al., 2013a, van Dam et al., 2010, van Dam et al.,
2012).

These categories of products and services will be briefly described below:

Micro-generation

Micro-generation technologies support households to produce their own electricity. Examples are pho-
tovoltaic solar panels, micro-cogeneration units and small wind turbines (Geelen et al., 2013c).

Smart meters

Smart meters refer to digital electricity meters that accurately measure consumption and production of
electricity and communicate these data to the energy supplier.

Energy storage

Energy storage systems support the use of energy at times other that when they are generated or
bought from the grid. The surplus energy can be stored in the form of electrical energy in batteries and
as heat in hot water tanks or storage heaters.

Dynamic pricing and contracting

Dynamic pricing, also known as time-variable pricing, provides an opportunity to involve the end users
in the management of the smart grid.

Smart appliances

A smart appliance helps a user to select the most desirable time for consuming electricity, for exam-
ple, by taking into account weather forecasts and electricity prices. Smart appliances can be pro-
grammed and communicate with energy management systems regarding the best times to operate.
Energymonitoring and control systems

Kobus et al. (Kobus et al., 2013) list them as Energy Management Systems (EMSs) or Home Energy
Management System (HEMS) and smart appliances. EMSs do not only give real-time feedback, but
also include feed forward on the availability of sustainable electricity or electricity prices, historical and
normative comparisons of demand patterns, goal setting and other persuasive techniques to improve
the effectiveness of the EMS. Some EMSs can also automatically switch appliances on or off for en-
ergy saving purposes. For example, smart plugs that are used as stand-by killers.

1.7 End-users interaction with Smart Grid products and services

Although smart grids are still in an early stage of development, in recent years, societal implementa-
tion has gained momentum through the deployment of smart meters and small and medium scale
smart grid pilots (Naus et al., 2015, Stephens et al., 2013, Verbong et al., 2013, Wolsink, 2012).

In the opinion of Geelen et al. (Geelen et al., 2013c), the success of consumer-driven smart grid solu-
tions, including new products and services will also depend on consumer value and adoption. They
asserted that technology and behaviour have to complement each other, to facilitate energy efficiency
in a household. Along with societal implementation, scientific research on the use and effects of smart
energy technologies is rapidly growing (Naus et al., 2015).
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Studies have shown that some of the energy products and services available today do not address the
needs and demands of end-consumers. Also in smart grid pilots, end users do not always have little
control over their consumption. This reduces the active participation of end-users and creates hurdles
in full scale roll-out of smart grids. For instance, a study by Geelen et al. (Geelen et al., 2013a) on end-
user experiences with products and services in the PowerMatching City Smart grid pilot project in the
Netherlands revealed that the implemented products did not provide the necessary feedback required
by end-users to be more active in their energy management. They lacked a sense of control and en-
ergy feedback that could support them in adjusting their energy related behaviour. Several end users
reported that they wanted to change their behaviour in order to lower their energy consumption or uti-
lize the electricity that is produced in PowerMatching City, but felt insufficiently enabled to do so.
Geelen and colleagues therefore concluded that in order to support end-users as co-providers in the
future energy system, it is important to address behavioural change in addition to technological im-
provements. Geelen et al assert that product and service design that supports end-users in their role
as co-providers in a Smart grid is still missing.

Currently, various innovative smart energy technologies have been introduced both in households and
Smart grid projects to support efficient use and generation and monitoring of locally generated electric-
ity. However, there is still limited knowledge with regards to the way households interact with smart
energy technologies and how the technologies have influenced the energy performance of these
households.

1.8 Reflections from literature

Although the importance of end-users in smart grids deployment has been recognized in existing liter-
ature, there is currently limited information with regards to the end-user and stakeholder involvement
in smart grid projects. Namely smart grids deployment is still mainly focused on technological issues
and economic incentives. With regards to the engagement of end-users in smart grids, the focus in lit-
erature has been on the involvement of end-users as energy consumers in the future electricity sys-
tem. Only a handful of studies (Geelen et al., 2013a, Kobus et al., 2013, van Dam et al., 2012) have
explored the role of users as co-providers in smart grids. These studies have however been limited to
individual pilot projects and only a small group of residential end-users involved in these pilots. The
importance of supporting end-users as co-providers or energy citizens in the electricity system is also
stressed in the literature. However, there are limited insights from literature on how this co-provider
role can be fostered. It is still not clear from the literature on how to really involve end-users, and sup-
port them as co-providers in the future electricity system. Various products and services that could fa-
cilitate a co-provider role for end-users in Smart grids have been implemented in smart grid projects.
End-user experiences also show that current products and services have not always supported an ac-
tive role for end-users in smart grids. Learning processed in the context of smart grids and associated
products and services will be required to improve existing smart grid products, and support the gener-
ation of knowledge and ideas for new products and services to be applied in residential smart grid pi-
lots.

Therefore, it is assumed that a multidisciplinary approach is necessary that integrates technical as-
pects with learning from end-users and stakeholders to investigate the development and performance
of residential smart grid projects, including the energy products and services implemented in these
projects.

1.9 Further reading

Given the situation sketched adfensuoehe thtedrlaysr modelpfo r
the ERA-Net Smart Grids Plus program in the context of the CESEPS project. CESEPS aims at devel-
oping knowledge about the actual performance of technologies in local smart grid pilots by monitoring
and evaluating data from these projects and executing measurements on site. Complementary to the
experimental approach, theoretical modelling of energy performance of smart grid technologies and
their interaction will be established. The role of stakeholders and end users in local smart grid pilots
will be explored by gaining insights into their needs and wishes for smart energy products and ser-
vices, the needed changes in their energy practices, and contextual barriers encountered.

To support the envisioned research of the CESEPS project this literature study captures existing expe-
riences and knowledge about smart grid environments based on the three-layer model of market-
places, technologies and stakeholder adoption.

Therefore Chapter 2 will present findings from literature on smart grid marketplaces, Chapter 3 will dis-
cuss stakeholders, among which end-users, Chapter 4 will report on smart grid technologies, and
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Chapter 5 on smart energy products and services. Finally, this report will be completed by conclusions
presented in Chapter 6.
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PARTIE: MARKETPLACES
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2 INTRODUCTION TARKETPLACES

To accelerate smart grid deployment, the European Commission (EC, 2011a) has proposed to focus
on five challenges:

a) developing technical standards,

b) ensuring data protection for consumers,

¢) providing continued support to innovation for technology and systems,

d) guaranteeing an open and competitive retail market in the interest of consumers, and

e) establishing a regulatory framework to provide incentives for Smart Grid deployment.

This chapter will provide a literature review on the last two of these five challenges. First, all markets
where smart grids possible can reap benefits are discussed in general. Subsequently, an overview will
be given of literature focusing on business models enabling capturing these benefits from the markets.
Finally, institutional and regulatory frameworks are discussed.

2.1 Market places in the energy sector

As characteristics of electricity markets are to a large extent factual, there is not much scientific dis-
cussion about these. Among many others, (Garnier and Madlener, 2014, Hiroux and Saguan, 2010,
Neuhoff et al., 2013, Scharff, 2015, Stifter et al., 2016, Ventosa et al., 2013) described the basic char-
acteristics of electricity markets.

In competitive electricity markets, which are the dominant design for electricity markets in Europe,
there are several competing parties on both the generation and the retail side. In addition, individual
consumers can choose between different retailers (Scharff, 2015). Within this design of competitive
electricity markets, one can differentiate between zonal and nodal pricing. In nodal pricing (or loca-
tional marginal pricing), which is incorporated in the electricity system of the Unites States, prices are
set at different nodes in the system (places where supply and demand meet). In zonal pricing, used in
the EU electricity markets, prices are the same in the entire zone, not taking transmission limits into
account. Therefore, critique on zonal pricing is that it does not stimulate optimal placement of variable
renewable electricity production (Neuhoff et al., 2013, Wang et al., 2015). For example, in Germany
much wind electricity production is located in the north, but the transmission line does not have the ca-
pacity to transfer this electricity to the south, resulting in congestion losses (Neuhoff et al., 2013).
Figure 4 shows how different electricity commodities are related to different markets, thereby present-
ing a basic overview of the market architecture regarding physical trading of electricity.
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Figure 4. Basic architecture of a common modern power system (Wang et al., 2015)
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In the Day-Ahead market, market participant place biddings for generating or consuming a certain
amount of electricity in a given hour of operation for the following day. Usually market clearance is set-
tled at noon. The Intraday market works similarly, but closer to the period of delivery (i.e. one hour
(Wang et al., 2015)). Together, they form the spot market i a market where commaodities are traded

A significant part of this chapter has been written by Wouter Schram and Wilfried van Sark
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immediately or on the spot. In general, the Day-Ahead market dwarfs the Intraday market. In 2015,
566 TWh was traded on the European Power Exchange (EPEX; Germany, Austria, Luxembourg,
France, United Kingdom, Netherlands, Belgium, Switzerland), while 59 TWh was traded in the Intraday
market, although the Intraday market grew faster (26 % versus 20 %) (EPEX SPOT 2016). The Real-
time market, or balancing market, is a single-buyer market (the buyer being the Transmission System
Operator, TSO), that ensures the balance between supply and demand as a result of different than ex-
pected supply or demand. Generally, this is divided in primary, secondary and tertiary reserve market
(Rebours, 2008).

Besides physical trading, there is also an opportunity for forward market, which would occur before
trading in the Day-Ahead market. This cannot be seen as one central market, but encompasses long-
term bilateral contracts and financial trading (Koliou et al., 2014, Scharff, 2015). In financial trading,
price risks can be hedged: commitments are settled by financial payments instead of physical delivery
or withdrawal of energy (Scharff, 2015).

111 Financial trading

To deal with electricity price volatility, financial products can be designed to decrease associated fi-
nancial risks. Derivatives are contracts between two parties with opposing views on the market, who
are willing to exchange certain risks (Bajpai and Singh, 2004). An example is the Contract for Differ-
ences, where two parties agree on an electricity
market price is above the strike price, the seller pays the difference between these prices to the buyer,
and vice versa when the spot price is below the strike price. In this way, both the seller and the buyer
have hedged their exposure to the spot price.

The relevance of financial trading for the CESEPS project is limited. The increase on renewables in
the energy mix is associated with increase of price volatility, while smart grids might decrease this
price volatility(Zakeri and Syri, 2015). However, the relation between smart grids and financial trading
is indirect since trading takes place on financial markets and no physical transactions are involved.
Therefore, attention for this topic in scientific smart grid literature is limited.

1.1.2 Day-ahead Market

In the Day-ahead Market, actors place bids to supply energy and offers to consume energy both dur-
ing a fixed period (normally one hour) of the whole following day (Scharff, 2015, Wang et al., 2015).
Bids are sorted by ascending price, resulting in the so-called merit order (Figure 5). Offers are sorted
by descending price. The quantity of the offers with the highest willingness-to-pay are coupled with
bids with the lowest willingness-to-sell (i.e. the lowest bids). This is repeated until remaining the offer
with the lowest the willingness-to-pay has a lower price than the bid with the highest willingness-to-
sell. In general, the marginal price of the last matched bid represents the market clearing price; all bids
that are matched receive this price i a combination of uniform and marginal pricing. This provides in-
centives to suppliers to bid as low as possible, close to their marginal cost and thereby ensuring eco-
nomic efficiency (Scharff, 2015).
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Figure 5. Merit order (EPEXSPOT, 2016)
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1.13 Intraday Market

Figure 6 shows how countries in Europe organize their Intraday markets. In the Intraday Market, bids
and offers are matched much closer to the time of delivery of electricity (Garnier and Madlener, 2014).
This way, new information on supply and demand side (e.g. changed forecasts of renewable electricity
production) can be incorporated. In Europe, two ways of organizing the intraday markets are preva-
lent: series of (discrete) auctions, or continuous trading (Scharff, 2015). In discrete auctions the market
mechanism is the same as in the Day-Ahead market, with as only difference timing of the market
clearance. In continuous trading, bids and offers are matched directly when corresponding price levels
exist, on first-come-first-serve basis. Hence, in the Intraday market price settlement is based on pay-
as-bid, in contrast to the uniform pricing of the Day-Ahead market. This happens one offer at a time,
so in fact there is one auction per trade. Austria and the Netherlands, the countries of most interest in
this project, both incorporate continuous trading.

In both the Day-Ahead and the Intraday Market, opportunities for smart grid products and services lie
in energy arbitrage; enabling to shift demand to periods where prices are lower (e.g. delay operations
until the night), or shift supply to periods where prices are higher (e.g. by storing produced electricity
upon to sell it at a later point in time). According to both analytical as market data analysis performed
by Garnier & Madlener (Garnier and Madlener, 2014), smart services operating on the Intraday market
can capture more value than services operating on the Day-ahead market.

Figure 6. Different designs of Intraday markets in Europe in 2015. Orange coloured countries have discrete auc-
tions, light green coloured countries have continuous auctions, and dark green coloured countries have a combi-
nation of both (for grey coloured countries design is unknown) (Scharff, 2015).

1.14 Balancing markets

The transfer of electricity takes place on much smaller time scales than the spot markets operate (i.e.
hour scale for the Day-Ahead market, and hour or 15 minutes for Intraday markets). Hence, even
when all parties would exactly follow the generation or consumption of electricity that was forecasted
on the spot markets, still mechanisms should exist to account for uncertainties and fluctuations within
the periods of delivery. Furthermore, all kinds of deviations from the forecasted electricity flows can
arise. Examples are volatility in renewable electricity production due to not correctly forecasted
weather fluctuations, different than expected consumption, unexpected or unplanned outages of
power plants and individual generation units, failures in the transmission, etc. (Scharff, 2015). The
TSO is responsible for maintaining the grid frequency at 50 Hz in Europe. This can be done by activat-
ing spinning reserves; in many systems, generators are obliged to have a certain percentage of their
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capacity available as spinning reserve for frequency control (Rebours, 2008). Furthermore, a TSO can
contract balancing service bilaterally (Scharff, 2015). A third way is to organize balancing markets.
This happens through settlements between the TSO and Balance Responsible Parties (BRPs). All
generation and consumption in the electricity grid has to be assigned to a BRP, that draw up programs
relating to their expected aggregated electricity supply and demand (Koliou et al., 2014). When there
is a difference between committed and actual generation or consumption, imbalance occurs (Scharff,
2015). Parties can submit bids to the TSO offering upward or downward regulation capacity for certain
periods of time. In case of imbalance, the TSO uses this capacity starting from the cheapest bids, and
the compensation price is set at the price of the most expensive backup capacity that is needed to
solve the imbalance. This differs from the spot markets because of the existence of a single-buyer: the
TSO (Scharff, 2015).

Although some differences between countries exist (sometimes due to semantics) (Scharff, 2015),
most countries operate with a primary, secondary and tertiary reserve markets. On the generation
side, the frequency control capacity in Europe is around 3 GW (0.8 % of peak load) for primary control,
20 GW (4 %) for secondary control and 21 GW (4.2 %) for tertiary control (Lilliestam and Ellenbeck,
2011). This is excluding spare capacity (36 GW) and demand response (25 GW, at that time). Figure 7
gives an overview of the timescales on which these controls operate, and the impact they have on the
system frequency (note that in the United States the grid frequency is 60 Hz). Primary reserve is the
automatic and instant use of turbine speed within ~15 seconds to maintain balance between genera-
tion and consumption in a synchronous area (UCTE, 2009). Secondary reserve maintains balance be-
tween generation and consumption within a block or control area, and makes use of a centralized au-
tomatic generation control, making adjustments to generation in the time-frame of seconds to ~ 15
minutes (UCTE, 2009). Tertiary reserves are not operated automatically, but is defined as the re-
scheduling of generation meant to free secondary control after around 15 minutes (UCTE, 2009). It is
used in case of incidents that cause permanent activation of secondary control reserves (i.e. system
contingencies in Error! Reference source not found.).
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Figure 7. Overview actions of primary, secondary and tertiary control as response to a sudden loss of generation
(Akhil et al., 2015)

Table 2 shows relevant characteristics of the different markets for smart grid services. The TSO sets
requirements for parties to operate in different markets. In Germany, a party should have a minimum
of 1 MW capacity available to operate on the primary reserve market, 5 MW to operate on the second-
ary reserve market, and between 5 and 25 MW for operating on the tertiary market. In the next para-
graph, we elaborate on how these different markets can be translated to business models.
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1.15 Challenges

Koliou et al. (Koliou et al., 2014) see some challenges for smart grid development related to markets:
1 Inequality of market entry opportunities in wholesale and retail markets;
1 Transmission and distribution tariff remuneration structure;
1 Regulation impeding participation in balancing markets;
91 Lacking cooperation between different stakeholders (TSOs, DSOs, aggregators and consum-

ers);

1 Missing outline of technical requirements of demand side participation;
1 Specification of aggregation standards and requirements.

Table 2. Overview relevant market characteristics for smart grid services. Adapted from Koliou et al. (Koliou et al.,
2014)

Day-ahead Intraday Primary Secondary Tertiary
Financial Energy \% Y Y, \%
compensation ( 4/ k Wh \% \Y \%
Capacity
(al kw)
Event trigger Economic dis- Economic dispatch System im- System im- System con-
patch balance balance tingency
Response time 1 day ahead Minutes to hours Olmin t <30sto>
min 15 min
Duration 1 hour 1 hour Upto15min  Upto30min Up to hours

Esterl, Kaser, and Zani (Esterl et al., 2016) determine some barriers for cross-border balancing mar-
kets. Examples are the absence of harmonization regarding activation of balancing energy and stand-
ard products, absence of clear rules concerning transmission capacity, determining a suitable pricing
mechanism and the allocation of costs and benefits.

Cambini et al. (Cambini et al., 2016) provide some recommendations to enable smart grid investments
(Cambini et al., 2016) :a) low distribution-sector market concentration; b) use of incentive-based regu-
latory schemes; and c) the adoption of innovation-stimulus mechanisms are key enablers of SG in-
vestments. According to the study, Austria performs well on all of these indicators. The Netherlands on
the other hand, can make some improvements. Firstly, the market concentration is medium instead of
low. The authors label market concentration of a country as low when the three largest DSOs com-
bined serve less than 60% of the markets. In the Netherlands, the three largest DSOs (Stedin, Liander
and Enexis) server more than 60% of the markets, which hampers competition according to Cambini
et al. Furthermore, they state that innovation-stimulus mechanisms are absent in the Netherlands. Op-
tions to improve this would for the regulator to provide a premium to decrease the weighted average
cost of capital of an investor, or to adjust the revenues (e.g. providing specific rewards when certain
performance targets are met).

2.2 Business models for smart grids

The fluctuations in electricity or capacity prices on the spot and balance markets are not reflected by
the in general constant retail electricity prices. An example of how consumers can be motivated to ad-
just their demand to improve economic efficiency is by providing incentives for demand response. De-
mand response (DR) is defined a suseicostomersgrenstheirmor-el ect r i c
mal 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 jeopardiz e USDE, 2006). Figure 8 shows how the connection between DR and
the different markets can be made.

Regarding price-based DR, there are three main pricing options: time-of-use (ToU) pricing, real-time
pricing (RTP) and critical peak pricing (CPP) (Stadler et al., 2016, Weck et al., 2016, Wissner, 2011).
ToU pricing offers different prices at peak and off-peak time (Khan et al., 2016). A common example is
a day and a night tariff. Sometimes also a medium tariff level exists. The high tariff reflects prices of
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peak demand, that reflect higher marginal generation costs. In contrast to ToU, CPP is a pricing
scheme that only gives price incentives at few days in a year: the days with highest demand. These
peaks represent relative very high generation costs. RTP reflects the day-ahead or intraday spot mar-
ket prices the most. In RTP, consumers receive information of hourly prices shortly (i.e. one hour or
one day) before the actual use. Incentive-Based DR reflects the right of the grid operator to cut loads
to some extent (Wissner, 2011). Weck et al. (Weck et al., 2016) see direct load control, defined as op-
portunity for electricity supplier or system operator to reduce load by remotely shutting down house-
hold appliances on a short notice, as the most promising Incentive-Based DR.

Behrangrad (Behrangrad, 2015) makes the distinction between DR measures, and energy efficiency
measures. Together these two categories of services form Demand Side Management (DSM). In the
past, the biggest barrier for DSM deployment were of technical nature, but smart grid developments
have changes this. Important accelerators are grid-device two-way communication, remotely controlla-
ble smart appliances, cloud-based aggregation mechanisms and energy storage (Behrangrad, 2015).
Although energy efficiency does not require information technology, it can be stimulated by smart grid
developments: smart meters can give insight in where energy use can be decreased (Wissner, 2011).
According to Aghaei and Alizadeh (Aghaei and Alizadeh, 2013) energy efficiency on the other hand,
see energy efficiency programs as subcategory of demand response programs, together with be fur-
ther divided into market-driven DR programs (e.g. to reduce generation costs or electricity price volatil-
ity) and network-driven DR programs (e.g. aimed at reducing capacity investment).

Figure 8. Connection between DR incentives and markets (Wissner, 2011)

1.1.6 Business models

Although different definitions of business models exist, most include the creation and capture of value
(Niesten and Alkemade, 2016). Business models for smart grids can be divided by a) the economic
value of smart grids in general (e.g. cost-benefit analyses), and b) business models of specific smart
grid product or service (groups). Moretti et al. (Moretti et al., 2016) provides an overview of studies fo-
cused on the former. Error! Reference source not found.Error! Reference source not found. pro-
vides a full overview of the studies they investigated, sources can be found in Moretti et al. (Moretti et
al., 2016).

The variations in results of individual studies is striking; within the 17 studies analysed (nine papers
and eight reports), costs varied between 0.03 and 1143 million Euro per year, and benefits between
0.04 and 804 million Euro per year. On average, costs exceed benefits by 59.1 million Euro per year.
Reasons for these variations include the scope of the different analyses, electricity prices, choices for
inclusion or exclusion of different tangible or intangible costs and benefits, how intangible costs and
benefits should be valued (especially in cost-benefit analyses), the time horizon, discount rates, ca-
pacities and utility operating characteristics. The associated average reduction in CO2 emissions is 89
gCO2/ kWh, again with a notable range from 10 to 180
mix (reductions were larger in countries with high shares of fossil fuel), assumption about levels of
penetration of renewable energy, and system boundaries (reduction per kWh were higher if studies
focused on a segment of the electricity grid mix instead of the full mix).
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