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 Kurzzusammenfassung 
 

Diese Arbeit untersucht, ob die Einführung eines europaweiten Smart Grid, bestehend aus einem 
Verbund nationaler intelligenter Stromnetze, wirtschaftlich lohnenswert ist. Zu diesem Zwecke erfolgt 
eine Untersuchung zehn nationaler Kosten-Nutzen-Analysen, die entweder nur die Einführung intel-
ligenter Stromzähler oder die Errichtung nationaler intelligenter Stromnetze thematisieren. Intelligen-
te Stromzähler werden als notwendige Voraussetzung für die Schaffung eines intelligenten Strom-
netzes unter Einbeziehung privater Haushalte angesehen. 

 Aus diesem Grund ist auch die Analyse dieser Studien mit begrenztem Anwendungsbereich sinn-
voll. Die Studien werden auf Art, Höhe und Verteilung der jeweiligen Kosten- und Nutzen-Parameter 
untersucht. Obwohl Verteilungseffekte kein Gegenstand klassischer Kosten-Nutzen-Analysen sind, 
ist die Betrachtung selbiger für diese Arbeit bedeutsam. Denn nur so können Handlungsempfehlun-
gen an die Politik formuliert werden, die den Akteuren mit den höchsten finanziellen Bürden staatli-
che Anreizregulierungen anbieten.  

Um die Analyse der Kosten und Nutzen eines intelligenten Stromnetzes zu festigen, werden darüber 
hinaus eigene Berechnungen angestellt. Diese untersuchen einerseits den Energieeinsparungsef-
fekt, welcher durch Smart Grids in privaten Haushalten entsteht und zum anderen den Kapazitätsef-
fekt, der die Reduzierung von Grenzkapazitäten durch Lastverlagerung zu off-peak-Zeiten monetär 
bewertet. Schließlich werden die Kosten für den Infrastrukturausbau der Stromnetze betrachtet. Die-
ser Arbeit liegt die Annahme zugrunde, dass das Energiesystem der Zukunft in der Lage sein muss 
einen hohen Anteil von erneuerbaren Energien einzuspeisen.  

Daraus wird die These abgeleitet, dass die Kosten eines sogenannten Dumb Grid mit einem hohem 
Anteil erneuerbarer Energien im Energiemix höher sind als die eines Smart Grid, da durch die intelli-
gente Vernetzung Synergien ausgenutzt werden, Lastverschiebung stattfinden kann und somit weni-
ger Infrastrukturausbau nötig ist. Unter der Prämisse, dass in Zukunft erneuerbare Energiequellen 
einen signifikanten Anteil am Energiemix haben werden, schaffen Smart Grids demnach einen Op-
portunitätsnutzen gegenüber einem Dumb Grid. 
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Foreword 

“How to transform our energy system?” This 
is the question dominating the current debate 
in climate and energy politics - from a political 
and scientific but also an economic perspec-
tive. The way to a sustainable and low-
carbon future holds enormous challenges to 
overcome and tremendous changes to ac-
complish. One key measure identified is to 
dramatically expand our production of RES - 
a path we already commenced on, but need 
to go way further. To continue changing our 
electricity production, the key challenge is on 
how to integrate a high amount of RES into 
the electricity grid, thus helping to overcome 
a lack of storage capacities and at the same 
time being economically efficient.  

The idea of a Smart Grid put in place to 
manage a secure feed-in of fluctuating power 
flows is on everybody’s lips. This idea is very 
appealing as it would allow the interaction of 
all users connected to the grid, such as pro-
ducers, consumers and those that do both. 
While a number of studies focusing on the 
upgrading and modernizing of national elec-
tricity grids exists, surprisingly the European 
perspective is missing. But secure, sustaina-
ble and affordable energy of the 21st century 
without a close collaboration within the EU 
seems hardly possible. The present thesis 
takes up the European perspective and links 
it to core challenges. It investigates whether 
the deployment of a European Smart Grid 
would be cost-efficient compared to a con-
ventional “Dumb Grid” adapted to a high 
share of RES. The thesis shows that we can 
have a real benefit in establishing an inter-
connected European Smart Grid, adapted to 
integrate a necessary high share of RES. 

The “MES Perspektiven“ provides a plat-
form for excellent final studys of the Master 
Program “European Studies”. The present 
Master thesis constitutes the second edition 
of the “MES Perspektiven” and may set the 
path for an in-depth discussion of highly val-
uable theses that otherwise would only hardly 
gain the attention they actually deserve within 
science, politics and the general public. The 
Master of European Studies (MES) of the 
European-University Viadrina Frankfurt 
(Oder), Germany, distinguishes itself by its 
interdisciplinary, so does the broader topic of 
this present thesis. If we want to transform 
our energy system, not only the infrastruc-
ture, but also the habits of the people need to 

change. Thinking of demand side manage-
ment, this can only function if consumers 
change their behavior and new business 
models including flexible tariffs enter the 
market.  

The transformation of our energy system 
is imperative, indispensable and irreversible. 
The Land Baden-Württemberg wants to be 
the leading region for energy and climate 
protection within Germany and within the EU. 
Therefore Baden-Württemberg pursues the 
development of an integrated concept for 
energy and climate protection. This concept 
includes the irreversible phase-out of nuclear 
energy while maintaining supply security, 
fostering energy efficiency and energy sav-
ings, expanding RES, and integrating flexible 
gas power plants for the changed energy 
mix. Furthermore, Baden-Württemberg aims 
at adapting the grid infrastructure to the 
changed power plant fleet.  

However, a regional focus is not sufficient 
in this regard. Baden-Württemberg may be a 
forerunner providing ideas for others to fol-
low, but to establish a low carbon and high 
renewable environment the joint action of 
many is needed – within a European ap-
proach. Only if all members of the European 
Union act together, interconnect their electric-
ity grids and foster RES, we will be able to do 
the urgent, but giant step forward. 

 

Franz Untersteller MdL, Minister for the Envi-
ronment, Climate Protection and the Energy 
Sector Baden-Württemberg 

Stuttgart, January 2012 
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1. Introduction 
 

Today the often-cited 20-20-20 goals of the 
European Union (EU) belong to the everyday 
vocabulary of media, scientists and politi-
cians. Nevertheless, the realization of this 
prospect still lacks action. If just the goal of 
20% renewable energy – as one of the three 
targets – shall be realized until 2020, a fun-
damental change in the European energy 
system has to happen in next to no time: “We 
are currently going through a paradigm shift 
in the way we produce, transmit, distribute 
and trade energy“ (Oettinger 2011a:3).  

Various signs are already pointing to 
change. The nuclear catastrophe of Fuku-
shima in mind, Germany’s government de-
cided in June 2011 to phase-out its nuclear 
power until 2022. Already one year earlier the 
German Federal Environment Agency pub-
lished a report stating that 100% renewable 
electricity is feasible by 2050 (cf. Umwelt-
bundesamt 2010). It was joined by the 2010 
PWC study 100% Renewable Electricity – a 
Roadmap to 2050 for Europe and North Afri-
ca (cf. PWC 2010b). It is not only Germany, 
the traditional European climate change fore-
runner, but also its European neighbours that 
proceed to action: in May 2011, the United 
Kingdom announced to cut greenhouse gas 
(GHG) emissions by 50% compared to 1990 
levels in the period 2023-20271. Three 
months earlier, Denmark declared in its En-
ergy Strategy 2050 the objective to be inde-
pendent from fossil fuels as of 2050 (cf. KE-
MIN 2011:5). 

In order to reach these ambitious goals, 
the European energy mix has to include a 
significant amount of renewable energy 
sources (RES). The topmost challenge of 
RES is their intermittency, which entails fluc-
tuating power flows that negatively affect grid 
stability and security of electricity supply. 
Regarding the European electricity grid there 
are two possible solutions to meet intermit-
tency and to feed-in a high share of RES2.  

The first possibility is to expand the exist-
ing grid, which is “too old, too fragmented, 
and already overloaded at several critical 
points” by simply laying more transmission 

                                                                 

1 Cf. URL DECC (2011): Fourth Carbon Budget: Oral 
Ministerial Statement by Chris Hune – 17 May 2011. 

2 This paper will focus on the European electricity sup-
ply, not on energy in general 

and distribution lines (Oettinger 2011a:3). 
The result would be a Dumb Grid, a so-called 
“copperplate” which would be over-sized to 
avoid congestion, “comparable to building 
four- or five-lane automobile highways to 
avoid potential congestion hours” (Eurelectric 
2011a:9). The second option would be the 
establishment of a Smart Grid, which can 
feed-in, transport and distribute electricity 
more efficiently through bidirectional infor-
mation and communication technologies 
(ICT) between producers and generators and 
therewith could “limit the need for new lines” 
(Eurelectric 2011a:9).  

In that regard, this study develops the hy-
pothesis that the establishment of a Europe-
an Smart Grid will be worthwhile as the op-
portunity costs for adapting a Dumb Grid to 
the integration of a high share of RES would 
be even higher. This vision is also shared by 
the European Commission that finds that 
“Smart Grids will be the backbone of the fu-
ture decarbonised power system” (COM(20 
11)202:2). This study follows the definition of 
the European Union’s Smart Grid Task Force 
whereas a Smart Grid is “an electricity net-
work that can cost efficiently integrate the 
behaviour and actions of all users connected 
to it – generators, consumers and those that 
do both” (M/490:2).  

To this end, this study examines the costs 
and benefits of a European Smart Grid. 
However, since the energy mix and the “gen-
eral structure” of the energy system are still 
in the legislative power of the EU member 
states, the establishment of a harmonized 
single European Smart Grid is not feasible 
yet (cf. TFEU Art. 194). Therefore, within the 
scope of this study, a European Smart Grid is 
defined as 27+2 (including Norway and Swit-
zerland) national Smart Grids that are inter-
connected. The contribution to the debate on 
EU energy policy of this study is to quantify 
the establishment of such a Smart Grid, 
which any study has – surprisingly in contrast 
to the fact of serious time pressure – covered 
so far. Accordingly, the research questions 
(RQ) guiding this study are:  

(1) Will the establishment of a European 
Smart Grid be cost-effective? 

(2) How are the costs and benefits dis-
tributed among market actors? 

(3) What are the opportunity benefits of a 
Smart Grid compared to a Dumb Grid 
adapted to integrate a high share of 
RES? 
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Energy policy and the security of energy 
supply will shape our future, especially if 
western countries want to preserve their ac-
cumulated wealth without further endanger-
ing the world’s climate. Our energy world is 
changing fundamentally, some even speak of 
a revolution, which at least can be seen as a 
major turning point in the way we generate 
the key resource energy. Furthermore, con-
sidering the nuclear catastrophe in Fukushi-
ma in the year of the 25th anniversary of 
Chernobyl, it becomes obvious that renewa-
ble energy sources are the future as dangers 
of nuclear energies can never be fully con-
trolled. It is just a question of bridging tech-
nologies, and the feasibility of this new ener-
gy world. For lack of robust research quanti-
fying the economic effects of a European 
Smart Grid – which is indispensable for inte-
grating a significant share of RES – a secure 
basis for future decisions that need to be 
taken in the EU has to be prepared.  

The study is structured as follows: At first, 
the definition and functioning of Smart Grids 
is explained, the topic is embedded in a wider 
context and the key technologies enabling a 
Smart Grid are presented (Chapter 2). This is 
followed by the formulation of the hypothesis 
and the research questions; here it will also 
be elaborated why this study is a contribution 
to the existing knowledge about Smart Grids 
(Chapter 3). The last section of the theoreti-
cal part will be an overview of the latest state 
of the art; the existing scientific literature will 
be reviewed, and the state of policies con-
cerning Smart Grids will be presented. First 
the policies of the European Union will find 
detailed consideration, secondly an introduc-
tion of the national policies of those six coun-
tries, that will be part of the analysis, follows 
(Chapter 4).  

This is followed by the empiric analysis 
(Chapter 5). In the first place an introduction 
in the method of cost-benefit-analyses is 
given, and the data and its processing are 
presented. The subsequent analysis is then 
two-fold. The first part focuses on the cost-
effectiveness of a Smart Meter roll-out, which 
is understood to be constitutive for the estab-
lishment of a Smart Grid that includes 
households. This section will be a survey on 
ten national CBAs that either quantify a 
Smart Metering roll-out or the establishment 
of a Smart Grid. The analysis will focus on 
the applied cost and benefit parameters, their 
amount, as well as their distribution among 
market actors. Even though distributional 

impacts are not a core part of CBAs, it will be 
important to consider this aspect in order to 
enable policy recommendations for incentive 
regulation to ease the establishment of a 
European Smart Grid.  

As those ten studies have their main fo-
cus on Smart Metering, the second part of 
the empiric analysis focuses on the econom-
ics of a Smart Grid. Accordingly, this section 
is divided into the quantification of its costs 
(1) and its benefits (2). As only very limited 
information is available for the second as-
sessment, own calculations will be used 
here. The main costs that occur are costs for 
modernizing the grid infrastructure. Eight 
different studies will be tested for the overall 
and annual costs that occur when updating 
and newly building parts of the electricity grid 
to integrate a high share of RES. The per-
centage of the existing grid that is affected by 
this development will be assessed too. The 
two main benefits occurring with a Smart Grid 
deployment are then a capacity effect as well 
as an energy effect. Within the capacity effect 
the peak load capacity of power plants in the 
merit order, which may be reduced by 2,5% 
to 7,5% through load shift to off-peak times, 
is quantified monetarily. The latter effect val-
ues the expected end energy savings of 
households that are also tested with a sensi-
tivity from 2,5% to 7,5%.  

In sum, findings of the study are that while 
a short-term perspective the Dumb Grid solu-
tion may be less expensive (lower capital 
expenditures in ICT, cf. Eurelectric 2011a:9), 
but in the long run the benefits of a Smart 
Grid will outweigh its costs (better allocation 
of resources, end energy savings, reduced 
peak capacity through load shift (cf. Eurelec-
tric 2011a:9). The conclusion part also gives 
policy recommendations for incentivizing the 
establishment of a European Smart Grid and 
gives an outlook to further research. 
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2. Definitions 
2.1 Context of this study 

The centre of all reflections is the proposition 
that a future energy network must be capable 
to feed-in a significant amount of renewable 
energy sources (RES) guaranteeing a secure 
energy supply at all time.3

 

Therefore, the existing European electrici-
ty grid has to meet two main challenges: 
First, the expansion of existing grid infrastruc-
ture in order to be able to transport renewa-
bly generated energy from areas with a high 
solar or wind potential to areas with less po-
tentials but higher energy demand (see Fig-
ure 1). Second, the grid has to be made 
smart to outbalance the intermittency of RES 
through the detection of overload and 
through an intelligent distribution of the elec-
tricity to guarantee grid stability. Generally, 
the following assumption seems to be evi-
dent: the smarter the grid the less grid infra-
structure or new capacity is needed, because 
synergies and bi-directional communications 
allow exploiting the grid capacities in the 
most optimal way. 

Thus, the objective would be the deploy-
ment of a Europe-wide Smart Grid that con-
sists of 27 (or 27+2, including Norway and 
Switzerland) national Smart Grids that are 
interconnected with each other.4 The vision of 
a single European Smart Grid will stay a vi-
sion, however, until the EU adopts a common 
energy policy. Although the Treaty on the 
Functioning of the EU (TFEU) encourages 
the adoption of EU legislation in order to 
promote the interconnection of energy net-
works, the functioning of the energy market, 
and the expansion of RES and energy effi-
ciency, the energy mix and “the general 
structure” of the member states’ energy sup-
ply remain within national legislative powers 
(TFEU Art.194).  

The nuclear crisis in Japan, caused by a 
historic earthquake and a tsunami in March 
2011, opened a new window of opportunity 
for action. In Germany, seven  out  of  seven- 

                                                                 

3The EU has the objective to reach 20% renewables by 
2020, Germany declared to increase the share of RES in 
gross energy consumption up to 60% by 2050 (cf. 
COM(2007)1, cf. BMU/BMWi (2010)). 

4 Hereinafter the term European Smart Grid will conse-
quently describe 27+2 interconnected national Smart 
Grids 

Figure 1 Expected Surplus in Generation Capacity 
(Blue) and Need for Additional Capacity (Red) in 
2020 in the Case of Germany (dena 2011:4). 

teen nuclear power plants were shut down 
temporarily5. 

In June 2011, after a three-month morato-
rium, the German government decided to 
phase-out nuclear power by 2022 and to 
decommission the seven nuclear plants in 
question6 In consequence, Germany’s energy 
system is confronted with a loss of 7GW ca-
pacity, which forces the country to import an 
increased amount of electricity7. The solution 
of this problem is twofold: First, more RES 
must be integrated, and second, new fossil 
power plants (predominantly gas plants) 
need to be built in order to meet intermittency 

                                                                 

5 As a reaction to the nuclear crisis in Fukushima, the 
German government issued a moratorium of three 
months for its seven oldest nuclear power plants, begin-
ning March 15th, 2011. During these three months the 
nuclear power plants shall undergo a stress test focusing 
on the plants’ safety standards (cf. URL Bundesregier-
ung (2011): Kernkraftwerke kommen auf den Prüfstand). 

6 Cf. URL Bundesregierung (2011): Ausstieg aus der 
Kernkraft in einem Jahrzehnt. 

7 As of March 17th 2011, Germany imports 50GWh on a 
daily basis, so that the current flows from France and the 
Czech Republic doubled (cf. URL bdew (2011): Entwick-
lung von Stromerzeugung und Stromaustausch). 
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and provide peak capacity8 This example 
illustrates further how declining capacity of 
fossil fuel power plants combined with an 
expansion of RES jeopardizes the grid stabil-
ity and the security of energy supply. Even 
though Germany is a forerunner pursuing 
RES, while most of its European neighbours 
are more reluctant, all EU member states 
have agreed on the 20-20-20-targets, aiming 
for a share of 20% RES in 2020 (cf. 
COM(2007)1). 

2.2 Definition and Functioning of Smart Grids 

RES cannot constantly provide energy since 
especially solar and wind power rely on me-
teorological circumstances and are thus peri-
odically fluctuating. Provided that a high 
share of intermittent renewable energy 
sources need to be integrated in the electrici-
ty grid, a Smart Grid becomes indispensable 
in order to guarantee a stable and secure 
energy supply. Smart Grids are defined as: 

Ean electricity network that can cost effi-
ciently integrate the behaviour and actions 
of all users connected to it – generators, 
consumers and those that do both – in or-
der to ensure economically efficient, sus-
tainable power system with low losses and 
high levels of quality and security of supply 
and safety. (M/490:2) 

If the traditional electricity grid was cen-
tralized in big generation utilities, today’s 
picture has changed: Generation has be-
come decentralized and is based on various 
small units like photovoltaic (PV) cells of pri-
vate households or combined heat and pow-
er units (cf. Fuhr 2011:20). This creates the 
role of so-called prosumers: a term, which 
recognizes the consumers’ emancipation 
from traditional costumers to electricity pro-
ducers and feeders (cf. DiStasio 2010:21). 

This implies that the grid’s flow direction 
also changes. In a traditional electricity sys-
tem, centrally generated electricity was fed 
into the transmission grid and passed on to 
the distribution grid and reached the custom-
er through local networks. Future electricity 
will be generated more decentralized and fed 
in at the local level or at the distributional 

                                                                 
8 According to a recent Greenpeace study for the Ger-
man energy sector nuclear energy could be phased-out 
by 2015, and coal power stations by 2040 if new gas 
power plants are installed as of 2011. The ambitious 
goal is to rely on 100% RES by 2050 (cf. Greenpeace 
2011a, cf. Umweltbundesamt 2010). 

levels, but may be needed to transported 
long distances to another region before finally 
reaching the end consumer (see Figure 2). 
The existing system faces two main chal-
lenges: First, the modernization of the grid 
infrastructure in order to manage the in-
creased power flows and second the estab-
lishment of bidirectional communication be-
tween generator, distributor and consumer so 
that peaks and troughs can be outbalanced. 

The traditional energy system followed the 
principle of supply follows demand. If the 
demand increased, centralized power plants 
were switched on in line with the merit-order 
curve. In a system with a lot of intermittent 
RES and decentralized generation, there will 
be a paradigm shift to demand follows supply 
(cf. Eurelectric 2011b:4-15). This implies that 
in times of high supply (e.g. strong wind) 
smart appliances in households are automat-
ically switched on or new electric consumers 
like electric vehicles start being charged. 

It further has to be acknowledged that the 
concept of Smart Grid does not refer to a 
single technology, but is rather a set of differ-
ent technologies (cf. PEW 2009:1). Five key 
technologies can be detected (cf. PEW 
2009:3f, cf. Levinson 2010:40f):  

(1) two-way communication that allows 
real-time information flows and decision-
making among all grid components,  
(2) sensing and measurement technolo-
gies that can monitor grid integrity and 
congestion, equipment health and elec-
tricity theft,  
(3) transmission and storage components 
to make the infrastructure more efficient; 
this includes high-temperature supercon-
ducting cables, distributed generation, 
electricity storage, and transformers ca-
pable of remote monitoring,  
(4) control devices and software to identi-
fy and solve disruptions or outages, but 
also to process the gathered data and 
provide it to human operators, and  
(5) interfaces and decision support-tools 
to visualize networks and make them bet-
ter manageable.  

 



MES-Perspektiven 01/2012 

6 
 

Figure 2 Electricity Flows in a Traditional and Future Electricity Network (own graph, based on 
EnBW 2011). 

Figure 3 Vision of a European Super Smart Grid (Energynautics 2011:9). 
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These technologies can enable a Smart 
Grid whose characteristics then are (cf. 
PEW 2009:4f): 

(1) automated (and smart) meter reading, 
(2) time variable tariffs such as real-time-
pricing that reflects the dynamic market 
and could lead to price-elastic demand, 
(3) demand response which aims at re-
ducing demand in peak times to avoid the 
dispatching of expensive and often car-
bon-intensive peak capacities,  
(4) vehicle to grid which includes smart 
charging so that the electric vehicles can 
either function as a feeder or a consumer 
within the system – depending on the 
current load situation, and 
(5) distribution automation which would 
allow distribution systems “to reconfigure 
themselves when a fault occurs, restrict-
ing the problem to a smaller area” (PEW 
2009:5) 

The question whether Smart Meters are an 
indispensable tool and whether they are con-
stitutive for the establishment of a Smart Grid 
is contested. However, following the above-
noted definition a Smart Grid needs to in-
clude all market participants. Consequently, 
the consumers have to be integrated into the 
system9 In a larger perspective, a so-called 
Super Grid is a macro grid, which focuses on 
the power transmission across long distances 
(500km) and where innovative technologies 
such as HVDC transmission become more 
important (cf. trend research 2009:67). Con-
sequently, a fully integrated European Smart 
Grid would fulfil the definition of a Super 
Smart Grid. 

 
The title of this study refers to a European 
Smart Grid. As mentioned previously, a sin-
gle European Smart Grid would entail im-
mense and fundamental changes. Amongst 
others a key issues is that the energy mix 
and the “general structure” of the member 
states energy system have not been commu-
nitarised yet (cf. TFEU Art. 194). Thus, as 
already discussed in Chapter 2.1, the objec-
tive would be the deployment of a European 
Smart Grid that consists of 27+2 intercon-
nected national Smart Grids including Nor-
way and Switzerland (see Figure 3). Based 
on the current EU legislation, the realization 
of a single European Smart Grid and the 

                                                                 

9 The question remaining for further research is whether 
a complete roll-out is efficient or whether smart substa-
tions would suffice. 

assessment of its economic effects would 
exceed the scope of this study. A junior solu-
tion would be isolated national Smart Grids. 
However, this cannot present more than a 
bridging solution, because the question of 
international capacity markets and also the 
lifting of the immense potential of Scandina-
vian wind energy or solar energy of Southern 
countries are very viable. 

 
3. Research Question and Hypothesis 

 
The research interest of this study is to quan-
tify the costs and benefits of a European 
Smart Grid, because so far no specific re-
search on this very question exists. Figure 4 
aims to visualize the specific approach of this 
study: While the existing literature discusses 
numerous aspects of Smart Grids (bubbles of 
the mind map), the research interest of this 
study can be understood as a complete se-
cond layer (blue cloud) that covers all these 
aspects and adds a further dimension, with-
out extensively discussing each smaller bub-
ble (for a detailed literature review see Chap-
ter 4.1). Therewith the inherent approach of 
this study is of a macro-analytic nature. Ac-
cordingly, the specific research questions 
are:  

RQ 1: Will the establishment of a Euro-
pean Smart Grid be cost-effective? 
 
RQ 2: How are the costs and benefits 
distributed among market actors? 

RQ 3: What are the opportunity benefits 
of a Smart Grid compared to a Dumb 
Grid adapted to integrate a high share of 
RES? 

Concerning RQ2, distributional impacts are 
generally not part of cost-benefit-analyses 
(see also Chapter 5.1. However, it is as-
sumed that the costs of establishing a Smart 
Grid are distributed very unevenly among 
market actors. To be able to give clear and 
meaningful policy recommendations, it is 
important to know which market actors profit 
most from the establishment of a Smart Grid 
and which market actors shoulder the highest 
burden. Assumed that a high obstacle for 
realizing a Smart Grid is the reluctance of a 
group of market actors to cover the neces-
sary investment costs, appropriate policy 
recommendations must find ways  of  burden  
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Figure 4 Main Aspects of Smart Grids and Added Value of This Paper (own graph) 

Figure 5 Opportunity Benefits for Smart Grids 
(own graph) 

 

sharing and incentive regulation for easing 
the establishment of a European Smart Grid. 

In regard to RQ3, it is assumed that each 
grid – be it smart or dumb – must be able to 
integrate a high share of RES in the near 
future. From that follows that also a Dumb 
Grid has to be adapted to the integration of 
renewable energies. Consequently, Dumb 
Grids also require major investments for ex-
panding and modernizing their infrastructure. 
It is further hypothesized that these costs 
exceed the costs of a Smart Grid, because a 
Dumb Grid demands a larger amount of 

physical infrastructure, practically meaning 
more cables need to be laid, because it will 
not be able to rely on smart distribution of 
intermittent energy through ICT and therewith 
compensate peaks in supply or demand (see 
Figure 5). 

This leads to the formulation of the hypoth-
esis guiding this study: 

The establishment of a European Smart 
Grid will be worthwhile as the opportunity 
costs for adapting a Dumb Grid to the in-
tegration of a high share of RES would 
be even higher. 

The EU Commission has already recognized 
tremendous investments coming up. The 
Commission estimates that EUR 1trn are 
needed for modernizing the energy system 
within the coming decade (cf. 
COM(2010)677/4:9). An 80% roll-out of 
Smart Meters by 2020 is further envisaged – 
presuming the roll-out is assessed positively 
(cf. 2009/72/EC, Annex 1). The Commission 
acknowledges that the transition towards a 
Smart Grid is a “complex issue and a single 
leap from existing network to smart grids is 
not realistic”. 
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Hence, at this point the present study 
steps in, as “the benefits and costs of smart 
grids implementation will have to be objec-
tively discussed and carefully explained, 
through active participation of consumers, 
small and medium enterprises and public 
authorities” (COM(2010)677/4:40). 
 

4. State of Research 

4.1. Literature Review 

This section gives a review of the existing 
literature and research about Smart Grids. 
The state of research is twofold. On the one 
hand, academia addresses the issue on an 
increasing basis , on the other hand concrete 
economic analyses on the costs and benefits 
of a Europe-wide Smart Grid are lacking. 
Until March 2011, there was no CBA that 
analysed the cost and benefits of Smart 
Grids for a European perspective. There are 
only 24 national CBAs, conducted by national 
business consultancies, that either research 
the roll-out of Smart Metering or a Smart 
Grids deployment in a specific country. How-
ever, the outcomes of the business cases 
vary significantly and it is very hard to draw 
any conclusions about the relation between 
assumptions and outcome of these studies 
(see Chapter 5.3).  

The topic of Smart Grids has gained 
enormous attraction only in the last few 
years. In general, the research done so far is 
still elementary. In the German academic, the 
journal “Energiewirtschaftliche Tagesfragen” 
leads the debate. For an international per-
spective, it is the journal “Energy Policy” that 
gathers most of the publications. This litera-
ture review - as the whole study - concen-
trates on research concerning Smart Grids 
within a European perspective, while U.S. 
and other case studies are excluded. 

The literature review follows the four main 
components of Smart Grids developed in the 
mind map: grid infrastructure, Smart Meter-
ing, distributed generation, and performance 
gap (see Figure 4). Further, this section is 
organized by main ideas and not chronologi-
cally. There are also general contributions 
about Smart Grids focusing on the paradigm 
shift of the “new energy world” (Lamprecht 
2010), which will enhance a “new architec-
ture” of electricity supply (Lambertz 2010). A 
broader perspective suggests that the in-
crease of renewable energy sources and the 
establishment of Smart Grids are a neces-

sary “symbiosis” (Edelmann 2010, see also 
Hermsmeier 2010). For an overview of the 
key features and technologies of Smart Grids 
Hledik (2009) and Levinson (2010) offer a 
good synopsis. In the following the four main 
debates will be outlined. 

When integrating a significant amount of 
RES into the grid, the existing infrastructure 
has to be modernized. One discussion fo-
cuses on the new energy flow introduced 
through the increased integration of RES, 
because energy from distributed generation 
will be fed-in at the local grid, whereas tradi-
tionally centralized utilities fed-in at the distri-
bution grid level. Second, the distribution 
grids may become overloaded, because wind 
power will be generated mainly in the North-
ern regions, whereas the consumption cen-
tres are located in the South (cf. Fuhr 2011). 
The grid’s expansion as well as its regulation 
is discussed by Jarass, Agricola, Kurth, 
Hirsbrunner, and Bauknecht. Kurth focuses 
on the problem of grid expansion – be it re-
sistance in the population (also referring to 
the BANANA-principle: “Build Absolutely 
Nothing Anywhere Near Anyone”) or lengthy 
approval procedures (Kurth 2010). A “confus-
ing legal basis” of EU regulation on funding 
for grid investments is another barrier 
(Hirsbrunner 2010). Consequently, different 
regulatory instruments for a cost efficient grid 
operation and incentives for enhancing in-
vestments in grid innovations are also dis-
cussed (Bauknecht 2010). Wissner and Ha-
ber deal with appropriate system usage 
charges for the modernized grid that has to 
be opened for the integration of distributed 
generated energy. Wissner argues that re-
gional equalization payments have to be 
considered when designing the new system 
usage charges, since the electricity price 
depends on the local energy source. From 
this follows, that the higher the amount of 
RES is, the more the prices will increase (cf. 
Wissner 2010). The technical details of the 
infrastructure such as the pros and cons of 
overhead lines versus underground cables 
are considered, too (cf. Merker 2010). 

The second main debate focusses on the 
concept of Smart Metering. Förster (2010) 
offers an overview of pros and cons of Smart 
Metering. Luckhardt present the hypothesis 
that Smart Metering can become almost au-
tomatically cost-efficient through improved 
process efficiency (Luckhardt 2010). This 
assumption is backed up by Shekaras’s re-
port about the reduction of electricity theft 
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through Smart Metering (cf. Shekara 2011). 
Gillich (2010) argues that the isolated roll-out 
of Smart Meters will not bring benefits as 
long as they are not integrated in the core 
processes of energy suppliers and develops 
the concept of Smart Billing. Feuchtmeier 
(2010) elaborates that a European wide 
standardization of the Smart Meter software 
is out of question. According to that Hand-
schuh (2010) sees the main restraints of 
Smart Meters in missing standards and a 
lack of costumer awareness and willingness 
to cooperate. Another discussion focuses on 
the new business portfolios and services that 
can be introduced with Smart Metering 
(Bechmann 2010, DiStasio 2010, Levinson 
2010, Oesterwind 2010). 

Smart Metering is very closely connected 
to the topic of Information and Communica-
tion Technology (ICT) (cf. Drossel 2011, 
Koenig 2010). Wissner develops the hypoth-
esis that investment in ICT is necessary to 
exploit potentials in all stages of the energy 
value chain. He further argues that all parts 
of smart life – be it grids or appliances or 
meters – only smart through ICT (Wissner 
2011a and 2011b). This entails the discus-
sion about data security and data protection. 
In Cavoukian’s opinion Smart Metering will 
entail a “data explosion”, which has to be 
based on strict data protection measures, 
because if the consumers fear about their 
personal data the whole Smart Grid devel-
opment will fail as consumers are a crucial 
component of its success (Cavoukian 2009). 
Cavoukian also develops the Privacy by De-
sign model, whereby the design of data ap-
plications already decides about fundamental 
aspects of data protection. In contrast, Beyea 
acknowledges the huge potential of this im-
mense new database for epidemiologic re-
search: “The simultaneous response of mil-
lions of customers to episodic weather 
changes, national tragedies [E] could be 
studied by social scientists. Comparisons 
across countries could be fascinating” (Beyea 
2010). Knyrim (2011) comments on this topic 
from a legal perspective for the EU and the 
U.S. 

Third, the question of distributed genera-
tion is tackled by many publications. The 
traditional electricity generation happened in 
centralized utilities, today’s picture is very 
different: generation has become decentral-
ized and is based on various small units like 
PV cells of private households or combined 
heat and power units (cf. Fuhr 2011). This 

creates the profile of the so-called prosumer: 
it theorizes the costumers’ emancipation from 
traditional costumers to electricity producers 
and feeders (cf. DiStasio 2010). Cossent 
underlines that various regulatory issues 
such as charges, services and incentives 
need to be revised and clarified (cf. Cossent 
2009). Distributed generation enhances the 
establishment of so-called virtual power 
plants. There within, the virtual pooling of 
distributed generating resources could help 
to outbalance the intermittency of RES (cf. 
Niehörster 2010). Lueddeckens (2011) fo-
cuses on the cost-efficiency of virtual power 
plants. 

The fourth debate about how to cope with 
the intermittency of renewables entails the 
question of how to bypass the performance 
gap – an incident that appears in a combina-
tion of peak times and calm weather condi-
tions (cf. Edenhofer 2008). There are four 
ways to overcome this problem: by providing 
peak load capacity, by importing energy, by 
establishing storage systems and/or Demand 
Side Management (cf. Rehtanz 2011). An-
other thread within this debate is the so-
called transnational capacity markets that 
would add a market for capacities to the con-
ventional formation of prices via the merit-
order-curve (cf. Nailis 2011). Another solution 
to avoid performance gaps are storage sys-
tems that aim at storing electricity in times 
where supply surpasses demand. Speaking 
of pump storage, water is pumped in an 
above-situated lake in times of over genera-
tion and rushed down propelling a turbine in 
times of a supply gap. In this regard, the hy-
pothesis circulates that politics overestimate 
the role of storage as “ultimate response”. In 
contrast Gatzen (2011) holds the opinion that 
storage would only be meaningful with a sim-
ultaneous grid expansion. Wade (2010) con-
centrates on the benefits of energy storage 
such as voltage control and power flow man-
agement. Also new technologies like com-
pressed air reservoirs are discussed in litera-
ture (cf. Fuhr 2011). Electric vehicles are 
considered to be another possibility of stor-
age. Galus develops three steps of integrat-
ing E-Mobility as a storage capacity: uncon-
trolled charging without communication with 
the system, controlled charging (vehicle gets 
power from the grid when supply is suffi-
cient), and the smartest solution the often-
cited vehicle to grid (V2G) where the vehicle 
not only is charged but can also feed power 
back into the system (cf. Galus 2010, Twick-



MES-Perspektiven 01/2012 

11 
 

ler 2010). This further entails the vision of 
whole Smart Cities (cf. Lindauer 2011).  

As a further means to control demand, 
Demand Side Management focuses on bal-
ancing peaks by incentivizing the costumers 
to reduce their demand in peak times or shift 
the demand to off-peak times through flexible 
tariffs (cf. Gillich 2010, Hermsmeier 2010, 
Haber 2010). Faruqui argues that dynamic 
tariffs could “make or break” the pay-off from 
Smart Meters in the EU (Faruqui 2010a). 
This is very closely interlinked with another 
discussion that acknowledges the customers’ 
willingness and awareness as necessary 
condition for the success of Smart Grids. 
Faruqui underlines that the costumer en-
gagement is the “sina qua non of success” 
for Demand Side Management (Faruqui 
2010b). 

The literature review shows that the ques-
tion of the economic effects of a European 
Smart Grid is not extensively researched and 
that it is worth examining the research ques-
tions developed in Chapter 3. 
 

4.2 State of Politics 

This section gives an overview of the legal 
basis for the establishment of a European 
Smart Grid, starting with the current state of 
policies in the EU and closing with an over-
view of those six countries chosen as case 
studies in the analysis. 
 

European Level 

Basic Decisions: the 20-20-20 targets and 
the Energy and Climate Package 

In 2007, the European Council confirmed its 
intention to limit the global average tempera-
ture increase to 2°C above pre-industrial 
levels and announced an integrated ap-
proach for a common climate and energy 
policy (cf. 7224/1/07, no.27f).  

This entailed the Communication An En-
ergy Policy for Europe that provides the basis 
for all policies to follow. It comprises – inter 
alia – the 20-20-20 targets: 20% reduction of 
GHG emissions, 20% share of RES, and 
20% more energy efficiency by 2020 (cf. 
COM(2007)1). In the context of this study 
especially the intention to increase the share 
of renewables in the European energy mix to 
20% until 2020 is a major driving force for 

building capacities for an integration of a high 
RES-share into the European electricity grid. 
Further targets of the action plan are: the 
strengthening of an internal energy market, 
the adoption of a strategic energy technology 
plan, as well as the objective of a low carbon 
future including CCS and the improvement of 
the Emission Trading Scheme (ETS) (cf. 
COM(2007)1). These objectives – to increase 
the share of RES and reduce energy con-
sumption through efficiency measures – aim 
to strengthen climate protection, but also to 
ensure the EU’s energy supply (cf. TFEU Art. 
194 lit.b).  

The Energy and Climate Package fol-
lowed in 2008; it is made up of four directives 
and one regulation. Its legal basis is the pro-
motion of energy efficiency and energy sav-
ing as well as the development of RES (cf. 
TFEU Art.194 lit.c). The directives aim at the 
allowance trading system, ETS (cf. COM 
(2008)16), the effort of the member states to 
meet the GHG emission reduction commit-
ments, effort sharing (cf. COM(2008)17), the 
geological storage of carbon dioxide, CCS 
(cf. COM(2008)18), as well as the promotion 
of the use of energy from RES (cf. 
COM(2008(19). Additionally, the regulation 
sets emission standards for new passenger 
cars (cf. EC/443/2009). In this way the Ener-
gy and Climate Package implements the 
objectives of the action plan. However, this 
legislative package supports the EU’s strate-
gy, but does not further bring substantial 
changes for a Smart Grid policy. The follow-
ing policies can be classified into three differ-
ent groups: liberalization, technology, and 
infrastructure.  

Liberalization Policies 

First, concerning the creation of an internal 
energy market for electricity and gas. The 
first and second energy package aimed to 
render the energy markets in the EU com-
petitive10, based on Art. 194 TFEU. This has 
led to the establishment of independent na-
tional regulatory authorities in order to moni-
tor network companies and suppliers 11.  In this 
context, the EU also aims at improving the 
infrastructure to guarantee an efficient 
transport of energy.12  The Third Energy Mar-
                                                                 

10 Cf. URL DG Energy: Internal Market. What do we want 
to achieve? 

11 Cf. ibid. 

12 Cf. ibid. 
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ket Liberalization Package introduced, steps 
to further liberalize the European energy 
market. It focuses on unbundling the electrici-
ty networks from the vertically integrated 
power companies13 The third energy package 
also creates ACER, the Agency for the Co-
operation of Energy Regulators, in order to 
strengthen the power and independence of 
national regulators (cf. DG Energy 2011:2f). 
Together with ENTSO, the European Net-
work of Transmission System Operators, 
they shall have a key role in developing tech-
nical rules at EU level (cf. DG Energy 
2011:9). Annex I of the third energy package 
states that the member states shall ensure 
that customers are actively engaged in the 
electricity supply market through “intelligent 
metering systems” (2009/72/EC, Annex 1). 
As of 2020, 80% of consumers shall be 
equipped with smart meters in case the roll-
out “is assessed positively” (ibid.). The 
Commission does not further define what a 
positive assessment means – a term that is 
even broader than ‘cost-effective’. A study for 
the German sector concludes that a roll-out 
of Smart Meter is only worthwhile for 43% of 
the households at maximum (cf. Frontier 
2011:20).  

Technology Policies 

Second, concerning the technologies, the 
SET-Plan (Strategic Energy Technology 
Plan) wants to enhance the development of 
low carbon technologies in the EU (cf. 
COM(2007)723). Its legal basis is also the 
functioning of the energy market (cf. TFEU 
Art. 194 lit. a). The according 2009 technolo-
gy roadmap – which puts the SET-Plan in 
concrete terms – sets out industrial initiatives 
to promote investments. The interesting ones 
for the research interest of this study are the 
European wind initiative, the solar Europe 
initiative, the European electricity grid initia-
tive, and the European CCS initiative (cf. 
COM(2009)519 and SEC(2009)1295). Wind 
and solar energy shall become more cost-
effective, and shall be fed into the grid more 

                                                                 

13Member states can choose between three different 
unbundling models: ownership unbundling (TSO owns 
and manages the network, the supplier has no control, 
no voting rights, and only minority shareholding), ITO 
(TSO owns and operates the network, but the vertically 
integrated utility has a supervisory body, independent 
management and a compliance officer), ISO (ISO oper-
ates the network, but the vertically integrated utility owns 
the network and leased it to ISO) (cf. URL DG Energy: 
The 3rd Energy Package and its main measures). 
 

easily. The EU aims at covering 20% of its 
electricity consumption through wind energy 
by 2020 and 15% by solar energy (cf. ibid). 
The electricity grid initiative names three 
objectives: first, creating a real internal ener-
gy market, second integrating “a massive 
increase of intermittent energy sources” and 
third managing “complex interactions be-
tween suppliers and costumers” (COM(2009) 
519:5). The goal is that 50% of the European 
networks would enable the “seamless inte-
gration of renewables and operate along 
‘smart’ principles, effectively matching supply 
and demand” (ibid). CCS technology shall be 
widely commercialized, so that the target of 
having an “almost zero carbon power genera-
tion” is met by 2050 (COM(2009)519:6).  

Infrastructure Policies 

Third, the legislation concerning the grid in-
frastructure is based on the treaty provision 
that the EU policy shall aim at promoting the 
interconnection of energy networks (cf. TFEU 
Art. 194 lit.d). The EU shall further contribute 
to the “establishment and development of 
trans-European networks in the areas of 
transport, telecommunications and energy 
infrastructures” (TFEU Art. 170,1). The TEN-
E legislation on trans-European energy net-
works aims at the interconnection and in-
teroperability of the European energy net-
works: the internal energy market shall be 
operated effectively, the isolation of island 
regions reduced, the security of energy sup-
plies reinforced and environmental protection 
promoted (cf. 1364/2006/EC Art.3). The deci-
sion foresees that the European electricity 
networks shall be adapted and developed in 
order to “facilitate the integration and connec-
tion of renewable energy production” (cf. 
1364/2006/EC, Art.4,22). This decision also 
initiates the so-called projects of common 
interest, which create a priority financing 
mechanism for cross-border projects “without 
local benefits” (cf. 1364/2006/EC, Art.6,1. 
COM(2010)677/4:11).  

The Second Strategic Energy Review 
contains six priority infrastructure actions for 
modernizing the European grid and envisions 
a smart interconnected electricity network 
until 2050 (cf. COM(2008)781). The Com-
mission acknowledges that “huge changes” 
have to be made to adapt the European elec-
tricity grid to decentralized generation, and is 
supportive of the roll-out of Smart Meters (cf, 
COM(2008)781:16). It even envisions an 



MES-Perspektiven 01/2012 

13 
 

Figure 6 Priority Corridors for Electricity, Gas 
and Oil (COM(2010)677/4:20) 
 

“offshore supergrid ring around Europe to 
connect southern solar, western wave and 
northern wind” (cf. COM(2008:781):16). It 
further claims the will of a “zero-carbon elec-
tricity supply for the EU by 2050” (cf. ibid, 
p.17). The strategic energy review can be 
seen as basis for all related communications 
following after 2008.  

The Communication “Energy 2020 – A 
strategy for competitive, sustainable and 
secure energy” states a pan-European inte-
grated energy market as a priority and 
acknowledges that between 2010 and 2020 
about EUR 1trn will be needed to make “Eu-
rope’s installations and infrastructures fit for 
the future” (Oettinger 2011b:1). The commu-
nication wants to foster the implementation of 
the internal market legislation, the establish-
ment of a blueprint for the European infra-
structure 2020-2030 (see COM(2010)677/4), 
the streamlining of permit procedures and 
market rules for infrastructure developments, 
and the provision of a financing framework 
(cf. COM(2010/639:11f).  

This led to the Communication “Energy in-
frastructure priorities for 2020 and beyond – 
A Blueprint for an integrated European ener-
gy network”. According to Commissioner 
Oettinger, Europe is going through a para-
digm shift in the way the EU produces, 
transmits, distributes, and trades energy: 
“Our existing grid is simply not up to the chal-
lenge. It has to be updated; it is too old, too 
fragmented, and already overloaded at sev-
eral critical points” (Oettinger 2011a:3). The 
investment needs of EUR 1trn also includes 
EUR 500bn investments in transmission net-
works “including electricity and gas distribu-
tion and transmission, storage, and smart 
grids” (cf. COM(2010)677/4:9). The Commis-
sion further estimates that only half of these 
investments will “be taken up by the market” 
– creating an investment gap of about EUR 
100bn (ibid.). But the Commission also re-
marks that the opportunity costs would be 
even higher (cf. ibid). This communication 
also calls attention that electricity grids not 
only have to be updated to be able to inte-
grate a high share of RES, but that – despite 
all efforts to increase energy efficiency – 
electricity demand is increasing because of 
“the multiplication of applications and tech-
nologies relying on electricity as an energy 
source (heat pumps, electric vehicles, hydro-
gen and fuel cells, information and communi-
cation devices etc.)” (COM(2010)677/4:6). 
The communication also refers to the obsta-
cle of “long and uncertain” permitting proce-

dures for infrastructure projects (ibid.). Ac-
cording to the Commission, more than ten 
years lay between the planning and final 
commissioning of a power line in Europe (cf. 
COM(2011):8). For the electricity sector the 
resulting delays would prevent “50% of com-
mercially viable projects from being realized 
by 2020” (COM(2010)677/4:8). The Commis-
sion also names priority corridors for infra-
structure projects. They are (1) an offshore 
grid in the Northern Seas and connection to 
Northern as well as Central Europe, (2) inter-
connections in South Western Europe, (3) 
connections in Central Eastern and South 
Eastern Europe, and (4) completion of the 
Baltic Energy Market Interconnection Plan 
(cf. COM(2011)677/4:10f, see Figure 6).  

Task Force Smart Grids 

Finally, in 2009 the Commission launched – 
under the provisions of the third energy 
package – the Task Force for Smart Grids, 
which sees the evolution of the electricity grid 
as a “key challenge” for Europe’s electricity 
networks.14 In its mission, the Task Force 
underlines two priorities: the roll-out of Smart 
Meters in the EU since a “main feature” of 
establishing a Smart Grid would be to turn 
customers to active market participants.15 In 
comparison to the third energy package the 

                                                                 

14 URL DG Energy, Task Force Smart Grids: Vision and 
Work Programme, p.1 

15 URL DG Energy, Task Force Smart Grids: Mission, 
p.1. 
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Task Force speaks of an 80% roll-out without 
mentioning any positive assessment necessi-
ties.16 The second priority is the moderniza-
tion of the grids.17 

The Task Force has further decided on 
three main tasks: (1) to produce a common 
vision of Smart Grids – including stakehold-
ers and the main institutional actors, (2) to 
identify regulatory recommendations for the 
deployment of an EU-wide Smart Grid, and 
(3) to produce a strategic roadmap for the 
implementation of Smart Grids and Smart 
Meters.18 

The provisional text of the Roadmap for 
Moving to a Competitive Low-Carbon Econ-
omy in 2050 takes into account the invest-
ment needs for Smart Grids and clean power 
plants (cf. Factsheet Roadmap 2050). The 
Energy Efficiency Plan that was presented at 
the same time also proposes the roll-out of 
smart power grids.19  

The first energy meeting of the European 
Council in Brussels in February 2011 invited 
Member States and industries to adopt tech-
nical standards for electric vehicle charging 
systems as well as for smart grids and smart 
meters (cf. EUCO 2/11). The head of states 
also concluded to “modernise and expand 
Europe’s energy infrastructure and to inter-
connect networks across borders” (ibid., p.2).  

The Communication Smart Grids: From 
Innovation to Deployment stresses once 
again the will of the EU to establish a Euro-
pean Smart Grid which is considered to be 
the backbone of the future decarbonised 
power system (COM(2011)202:2). State-
ments of intent are following; they concern 
the adoption of common Smart Grid stand-
ards, data privacy and security issues, regu-
latory incentives, and the establishment of a 
competitive retail market (cf. 
COM(2011)202). 

In conclusion, the EU’s objectives are 
very ambitious, the publications are numer-
ous and the vision of a Smart Grid is already 
very advanced. Nevertheless most of the 

                                                                 

16 Cf. ibid., p.3. 

17 Cf. ibid., p.3. 

18 Cf. ibid., p.3f. 

19 Cf. DG Climate: Roadmap for Moving to a Competitive 
Low-Carbon Economy in 2050. Key Facts & Figures. 

documents are only communications that 
have no legally binding effect on the member 
states. After the strategies have been devel-
oped it is now time for binding directives and 
regulations – especially if one considers that 
the international partners are also very en-
gaged in this development. The USA has 
launched Smart Grid projects totalling USD 
3.4bn and China will invest USD 7.3bn in 
Smart Grids in 2011 (cf. COM(2011)202:3). 
In terms of climate change an international 
engagement is important, but in terms of 
technology leadership the EU has to be pre-
pared for competition. 

National Level 

As the EU can only regulate specific fields of 
the energy policy (cf. TFEU Art 194), it is 
important to include an overview of national 
policies into the analysis to get a comprehen-
sive overview on the state of policies and the 
legislative burdens or backings Smart Grids 
may face. Hereafter, the energy policies of 
those six states chosen as case studies for 
the analysis will be examined under the angle 
of Smart Grids.20  

1. Austria 

The share of RES in the Austrian energy mix 
made up 68,2%21 in 2009, so that Austria 
spearheads the other European countries (cf. 
Lebensministerium 2010:15). In 2009, the 
share of renewables in the final energy con-
sumption was 30,1 % (cf. Lebensministerium 
2010). In 1978, the Austrian people voted 
against nuclear power in a referendum. In 
consequence, nuclear power has been pro-
hibited by law ever since.22 

                                                                 

20 Out of the 24 available CBAs, ten studies are analyzed 
intensively throughout this paper. The other studies do 
not have an adequate data basis for pursuing the analy-
sis. The selected studies were undertaken for six differ-
ent EU member states: Austria (PWC, Capgemini), 
Netherlands (Kema, Frontier), Hungary (ATK), UK 
(DECC, ENSG), Germany (Kema, Frontier), Denmark 
(Energinet). Figure 7 shows those studies (marked with 
a green cross) that were suitable for an in-depth analysis 
(criteria: available data set; comprehensibility; available 
in German, English or French). This selection cannot 
claim to be exhaustive, however for an EU average 
smaller EU member states (AT, NL, DK), a new member 
(HU) and two old member states (UK, GER) will be 
analyzed.  

21 Including hydro energy. 

22 Cf. URL EREC (European Renewable Energy Coun-
cil): RES National Policy Review (Austria). 
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In 2002, the Austrian Green Electricity 
Act (Ökostromverordnung) introduced a uni-
form feed-in tariff with purchase obligation for 
RES and was since amended twice.23 The 
amendments reviewed subsidies for RES 
power plants and also laid down that prices 
have to be oriented at the best available 
technique.24 In 2010 the Austrian government 
presented a strategy (Energiestrategie Öster-
reich) to meet the EU’s 20-20-20 goals on the 
federal level.25 This means a share of RES in 
gross final energy consumption of 34% by 
2020, a cut in GHG emissions by 16% (com-
pared to 2005 levels), and improvement of 
the energy efficiency by 20%26.27 Therefore, 
Austria developed four priorities for its future 
energy policy: increasing energy efficiency, 
expanding RES, securing the energy sup-
plies, and stabilizing final energy consump-
tion at 2005 levels.28 

So far, 100,000 smart meters have been 
installed in Austria.29 There are two main 
projects involving Smart Grids in Austria. The 
Federal Ministry for Transport, Innovation 
and Technology established the technology 
platform Electricity Networks of the Future – 
Smart Grids, which was officially launched in 
2006.30 The platform consists of working 
groups and pioneer regions that each focus 
on special challenges of a smart energy sys-
tem such as smart services, smart info sys-
tems, a smart distribution grid, a smart infra-
structure and the establishment of a smart 
microgrid (cf. BMVIT 2009:2f).31 The second 
project is the technology platform Smart 
Grids Austria – which can be seen as coun-
terpart to the Ministry’s initiative. The Smart 

                                                                 

23 Cf. URL IEA (International Energy Agency): Global 
Renewable Energy. Policies and Measures (Austria), cf. 
IEA: Energy Policies of IEA Countries (Austria), cf. 
EREC: RES National Policy Review (Austria). 

24 Cf. URL EREC: RES National Policy Review (Austria). 

25 Cf. URL IEA (International Energy Agency): Global 
Renewable Energy. Policies and Measures (Austria), cf. 
IEA: Energy Policies of IEA Countries (Austria). 

26 Cf. URL Lebensministerium/BMWFJ: Eckpunkte der 
Energiestrategie, p.3 

27 In 2009, the share of renewables in the final energy 
consumption was 30,1 % (cf. Lebensministerium 2010). 

28 Cf. URL Lebensministerium/ BMWFJ: Energiestrategie 
Österreich, p.7f,9,31. 

29 Cf. URL E-Control (2010): Smart Grids. Situation in 
Österreich, p.7. 

30 Cf. URL BMVIT: Electricity Networks of the Future – 
Smart Grids. 

31 Cf. ibid. 

Grids Austria platform gathers 30 stakehold-
ers from industry and research.32 The objec-
tive is to connect the relevant players and to 
coordinate projects.33 

2. Denmark 

Since 1999 Denmark has become self-reliant 
in its energy supply and has become the 
“global leader of installed wind power per 
capita”.34 Denmark also successfully decou-
pled economic growth from energy consump-
tion in 1980.35 The share of RES in gross 
electricity consumption was 28.7% in 2008.36 

In 1993 Denmark established a feed-in 
tariff system (cf. Farrell 2009:8). In the 
meanwhile the Danish RES system was so 
successful that since 2003 feed-in tariffs only 
apply for existing RES installations, whereas 
a more market orientated approach is used 
for new installations (cf. Sijm 2002:10). Con-
cerning the grid, the 2000 Act on Electricity 
Supply states that “the grid operator is statu-
torily obliged to expand the grids, if the ex-
pansion is necessary to guarantee the effi-
cient transmission of electricity”37 In 2007, the 
Danish government presented the proposal A 
Visionary Danish Energy Policy. It aims at 
reducing fossil fuels by 15% until 2025 (com-
pared to current levels) and increasing the 
amount of RES up to 30% of energy con-
sumption by 2025.38 It was superseded by the 
Agreement on Danish Energy Policy 2008-
2011, which makes clear statements about 
the expansion of wind turbines as well as 
R&D contributions.39 In 2010, the government 
presented the National Action Plan for Re-
newable Energy in Denmark that marks the 
milestones of measures and actions until 
2020. Its objectives are to increases the 

                                                                 

32 Cf. URL Smartgrids Austria: Mission Statement. 

33 Cf. URL Smartgrids Austria: Plattform 

34 URL EREC: RES National Policy Reviews (Denmark), 
p.1. 

35 Cf. ibid. 

36 Cf. URL Statistisches Bundesamt Deutschland: 17% 
of Germany’s electricity consumption was met by renew-
able energy in 2010.Press release No.144 / 2011-04-11. 

37 URL EREC: RES National Policy Reviews (Denmark), 
p.7. 

38 Cf. URL EREC: RES National Policy Reviews (Den-
mark), p.4 

39 Cf. URL IEA (International Energy Agency): Global 
Renewable Energy. Policies and Measures (Denmark), 
cf. IEA: Energy Policies of IEA Countries (Denmark). 



MES-Perspektiven 01/2012 

16 
 

share of renewable energy to 28% by 2020 
and to reduce energy consumption by 1.9% 
in 2020 (compared to 2006 levels) (cf. KE-
MIN 2010:7). In the same year, the Better 
Integration of Wind Agreement was adopted, 
which laid down “a series of initiatives [E] for 
the roll-out of intelligent electricity consump-
tion” (cf. KEMIN 2010:5). In 2011, the Danish 
government presented its Energy Strategy 
2050. It increases the target of RES to 33% 
of the energy consumption by 2020 (cf. KE-
MIN 2011:3). It further aims at doubling ener-
gy generated from wind power by 2020 to 
40% of overall electricity consumption (cf. 
KEMIN 2011:11). As of 2050, Denmark 
wants to become independent from fossil 
fuels (cf. KEMIN 2011:5). The government 
acknowledges that this will entail higher en-
ergy prices, which shall be compensated 
through increased efficiency (cf. KEMIN 
2011:27).  

Denmark is engaged in the international 
Cell Project – the virtual power station. Within 
this project the Danish power system shall be 
adopted to equilibrate generation and con-
sumption through system controlling and 
monitoring.40 This project further constitutes 
the “world’s largest intelligent grid” and was 
successfully tested in November 2010, the 
final test is expected to occur in 2011. After 
that distribution and transmission companies 
could implement the Smart Grid technology 
into their grid according to energinet, one of 
the project partners.41 Denmark is involved in 
various other projects on Smart Grids: the 
EcoGrid EU establishes a smart test site at 
the island of Bornholm, another project fo-
cuses on intelligent heat pumps, the EDISON 
project aims at facilitating the infrastructure 
for electric vehicles, finally the Smart Grids 
ERA-Net established a European network to 
structure and strengthen collaboration be-
tween member states.42 

3. Germany 

In 2010, RES had a 16.9% share in Germa-
ny’s gross electricity consumption.43 The 

                                                                 

40 Cf. URL Energinet.dk: The Cell Project. 

41 Cf. URL Energinet.dk: From lab to full-scale, cf. URL 
Energinet.dk: The world’s largest intelligent grid tested in 
Denmark. 

42 Cf. URL Energinet.dk: Smart Grid. 

43 Cf. Statistisches Bundesamt Deutschland: 17% of 
Germany’s electricity consumption was met by renewa-
ble energy in 2010. Press release No.144 / 2011-04-11. 

German government declared in June 2011 
to phase-out nuclear power by 2022.44 The 
Feed-In Act (Stromeinspeisegesetz, StrEG) 
laid the basis for Germany’s renewable ener-
gy policy in 1991. The StrEG obliged grid 
operators to feed-in and reimburse electricity 
from RES (cf. BMU 2009:5). It was substitut-
ed by the Renewable Energy Sources Act 
(Erneuerbare-Energien-Gesetz, EEG) in 
2000. The EEG shall ensure that 30% of 
gross electricity consumption is covered by 
RES as of 2020 (cf. EEG §1 lit.2). The EEG 
overtook the obligation to feed-in electricity 
from RES and added an unlimited priority 
integration of RES (cf. EEG §2 lit.2). As a 
consequence in case of overloaded grids, the 
feed-in of conventionally generated electricity 
has to be reduced (cf. BMU 2009:5). The 
EEG includes an annual degression of the 
feed-in tariffs. This shall ensure that RES 
become more and more market competitive. 
As soon as grid parity is reached, the EEG 
will be reviewed (cf. BMU 2010:8). The objec-
tive of creating investment security has paid 
off: since the EEG has entered into force 
electricity generation from RES had a three-
fold increase.45 The EEG is assumed to set 
an international role model for future law-
making. The 2009 Renewable Energy Heat 
Act (Erneuerbare-Energien-Wärmegesetz) 
has the objective to increase the share of 
RES in final energy consumption for heat to 
14% by 2020 (cf. EEWärmeG §1 lit.1). The 
2010 Energy Concept for an environmentally 
sound, reliable and affordable energy supply 
aims at reducing GHG emissions by 80%, 
increasing the share of RES in the gross final 
electricity consumption up to 80%, and halv-
ing primary energy consumption until 2050 
(cf. BMU 2010:5,11). The German govern-
ment decided to cease subsidised mining of 
domestic hard coal “in line with European 
rules”, which means a phase-out by 2018 (cf. 
BMU 2010:17, 16229/1/10 Art.3). The Energy 
Concept further promotes to develop a con-
cept in 2011 for updating the grid infrastruc-
ture (cf. BMU 2010:18). Concerning Smart 
Grids, Germany wants to create the neces-
sary basis in law for installing smart meters 
and for the dynamic networking and man-
agement of electricity producers (BMU 
2010:19). The Energy Concept also tackles 

                                                                 

44 Cf. URL Bundesregierung (2011): Ausstieg aus der 
Kernkraft in einem Jahrzehnt. 

45 Cf. URL BMWI (2011): "Smart Car - Smart Grid - 
Smart Traffic": BMWi startet neuen Technologiewettbe-
werb. 
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e-mobility, storage and off-shore connection 
(cf. BMU 2010). 

There are also a number of projects on 
Smart Meters and Smart Grids in Germany. 
For instance, the project E-Energy – Smart 
Grids made in Germany consists of six model 
regions.46 In the associated working groups 
four main challenges are tackled: the sys-
tems’ architecture, the interoperability of the 
model regions, legal questions, and market 
penetration.47 The model regions shall devel-
op their proposals until 2012 with the target 
of market maturity.48 The main focus of the 
project is the creation of an Internet of Ener-
gy.49 The Federal Ministry of Economy and 
Technology has launched a technology com-
petition ICT for E-Mobility II and the strategy 
Germany digital 2015.50 

4. Hungary 

In 2008, RES made up 5.6% of Hungary’s 
gross electricity consumption.51 In 2007, the 
government approved the Act on Electricity in 
order to set up an internal electricity market, 
and to foster energy efficiency.52 The Act also 
introduced purchasing obligations and feed-in 
tariffs that aim at further developing the im-
portance of RES and cogeneration.53 The 
2008 Renewable Energy Strategy for 2007-
2020 aims at increasing the production of 
renewable energy to 15% by 2020, it also 
favours the decentralization of energy pro-
duction.54 

In 2011, the Hungarian Energy Office 
(HEO) presented a timetable on how to roll-
out Smart Meters and Smart Grids, because 

                                                                 

46 Cf. URL BMWi / BMU: E-Energy – Smart Grids made 
in Germany. 

47 Cf. URL BMWi/BMU: E-Energy. Fachgruppen. 

48 Cf. URL BMWi/BMU: E-Energy. Das Förderprogramm. 

49 Cf. URL BMWi/BMU: E-Energy. The “Internet of Ener-
gy“. 

50 Cf. URL BMWI (2011): "Smart Car - Smart Grid - 
Smart Traffic": BMWi startet neuen Technologiewettbe-
werb, cf. URL BMWI (Deutsches Bundesministerium für 
Wirtschaft und Technologie): Deutschland Digital 2015. 

51 Cf. URL Statistisches Bundesamt Deutschland: 17% 
of Germany’s electricity consumption was met by renew-
able energy in 2010.Press release No.144 / 2011-04-11 

52 Cf. URL REEEP: Database. Policy and regulation 
review (Hungary). 

53 Cf. ibid. 

54 Cf. ibid. 

according to the Energy Office it is “almost 
impossible to fulfil the requirements of the 
‘Green Package’ (20/20/20) without smart 
grids” (HEO 2011:29). Hungary’s targets are 
to finish preliminary regulations by 2011, to 
start pilot projects in 2011, to finish the eco-
nomic assessment until 2012, to issue a gov-
ernment decree on smart metering until 2013 
and to roll out Smart Meters in 2014 (cf. HEO 
2011:23). Thereby the Energy Office is guid-
ed by the EU guideline to render 80% of the 
existing meters smart, if “assessed positively” 
(cf. HEO 2011:23). The Energy Office fore-
sees a comparable approach for the roll-out 
of Smart Grids: prepare a study until 2012, 
start pilot projects in 2013, issue a govern-
ment decree on Smart Grids in 2014 and roll 
out the Smart Grid in 2014 (cf. HEO 
2011:29).  

5. Netherlands 

In 2008, the share of RES in gross electricity 
consumption made up 8.9%.55 The Dutch 
government introduced a feed-in premium in 
2003 (Subsidies Duurzame Energie, SDE) 
that guarantees a “premium on top of the 
market price for power – fixed for ten 
years”.56The premium was abolished three 
years later, because it was judged that EU 
goals would be met even without the premi-
um.57 But as one could have expected in-
vestment in RES fell down to “practically 
zero”.58 As a consequence a new regulation 
for a feed-in premium was presented in 2007, 
which was similar to the previous scheme – 
the main difference was an upper limit in the 
latest one.59 

In 2008 the Dutch government debated a 
mandatory 100% roll-out of Smart Meter in 
the Netherlands (cf. Boekema 2011:7). But 
public resistance – mainly due to data con-
cerns – forced the Dutch government to with-
draw from its initial plans. The bill was there-
upon amended and now only considers a 
voluntary roll-out (cf. The Guardian 2011). By 
contrast the project Smart City Amsterdam is 
a Dutch success story. The project supported 

                                                                 

55 Cf. URL Statistisches Bundesamt Deutschland: 17% 
of Germany’s electricity consumption was met by renew-
able energy in 2010. Press release No.144 / 2011-04-11. 
56 URL EREC: RES National Policy Reviews (Nether-
lands), p.2. 

57 Ibid. 

58 Ibid. 

59 Cf. ibid., p.2f. 
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by the government aims at bringing forward 
renewable projects, energy efficiency and 
Smart Grid technologies.60 An example for a 
private initiative is the Smart Energy Collec-
tive, which brings together more than 20 
companies, to work on the “practical devel-
opment” of intelligent energy concepts.61 The 
objective is to set up large scale Smart Grid 
demonstration project across the country. 

6. United Kingdom 

RES accounted for 5.6% of gross electricity 
consumption in 2008, while in 2009 RES had 
an increase of about 1.1 percentage points to 
6.7%.62 In 2002, the United Kingdom adopted 
the Renewables Obligation (RO).63 The RO 
obliges electricity suppliers to integrate an 
increasing share of RES in their power sales, 
while for non-compliance a penalty, the so-
called buy-out, is imposed.64 As stated in the 
2003 Energy White Study RES should make 
up 20% of the overall electricity power gen-
eration by 2020.65 The 2008 Energy Act im-
plements the objectives of the 2003 White 
Study (cf. Energy Act). It further enables the 
Secretary of State to modify distribution and 
supply licenses in order to force the license 
holder to install smart meters (cf. Energy Act 
Part 5:88-91). The 2009 Renewable Energy 
Strategy introduces the objective to generate 
15% of British energy with RES by 2020 (cf. 
HM Government 2009:4). This objective is 
very ambitious since it equals a seven-fold 
increase compared to 2008 levels – “the 
most challenging of any EU Member State”.66 
On top of that, the government announced in 
May 2011 to cut GHG emissions by 50% 
(compared to 1990) in the period 2023-
2027.67 

The British Parliament is about to pass a 
new Energy Bill that envisions a Smart Meter 

                                                                 

60 Cf. URL Amsterdam Smart City. 

61 URL KEMA: Broad collaborative innovation initiative 
for the energy supply of the future. 

62 Cf. URL DECC (2010): Digest of United Kingdom 
energy statistics (DUKES), Chapter 7: Renewable 
Sources of Energy, p.184. 

63 Cf. URL EREC: RES National Policy Reviews (United 
Kingdom), p.4. 

64 Cf. ibid. 

65 Cf. ibid. 

66 URL DECC: The Renewable Energy Strategy. 

67 Cf. URL DECC(2011): Fourth Carbon Budget: Oral 
Ministerial Statement by Chris Hune – 17 May 2011. 

roll-out until 2018.68 The Department of Ener-
gy and Climate Change (DECC) further 
wants to set out a strategy for the future elec-
tricity networks that shall enable “flexible 
demand management and the use of electric 
vehicles” within its 2011 Electricity Market 
Reform White Study.69 In March 2011 the 
Department of Energy and Climate Change 
announced the strategy and timetable to 
install 53 mio Smart Meters between 2014 
and 2019.70 DECC is engaged to foster UK’s 
Smart Grid policy. The Department is recent-
ly working on a framework for Smart Grid 
standards, specifically taking into account 
cyber security aspects.71 Further, the Ofgem’s 
Low Carbon Networks Fund72 provides EUR 
568 mio for Smart Grid projects.73 DECC 
provides another EUR 3.2 mio for eight 
Smart Grid demonstration projects.74 

5. Costs and Benefits of Smart Grids in a 
European Context 

5.1 Method: Cost-Benefit-Analysis 

A cost-benefit analysis (CBA) is a “conceptu-
al framework applied to any systematic, 
quantitative appraisal of a public or private 
project to determine whether, or to what ex-
tent, that project is worthwhile” (EU 
2000:125). In its core, CBAs meet the chal-
lenge to take rational economic decisions 
about projects in the public sector that con-
cern a public good and where – as a conse-
quence – costs and benefits cannot be as-
sessed as easily as in private investment 
analyses (cf. Hanusch 2011:vi). Therewith, 
the CBA is embedded into two major con-
cepts: the normative approach of welfare 
economics on one hand and the knowledge 
of the investment appraisal on the other hand 
(cf. Hanusch 2011:1).  

                                                                 

68 Cf. URL DECC: Energy Bill 2011. 

69 URL DECC: Future Electricity Networks. Networks 
Strategy and Regulation. 

70 Cf. URL DECC (UK Department of Energy and Cli-
mate Change) (2011): DECC lays foundations for smart 
meters rollout (Press notice). 

71 Cf. URL DECC: Future Electricity Networks. Networks 
Strategy and Regulation. 

72 Ofgem is the British regulatory authority.  

73 Cf. URL Ofgem: Smart Metering. 

74 Cf. URL DECC: Future Electricity Networks. Networks 
Strategy and Regulation. 
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Thus, the objective of the CBA is to as-
sess a project’s positive and negative im-
pacts on the members of society and to ex-
press these impacts in monetary equivalents 
(cf. Hanusch 2011:16). A project should be 
undertaken if there is a net benefit, i.e. if the 
difference of aggregated benefits and costs is 
positive (cf. Hanusch 2011: 2). CBAs are an 
important tool for decision-makers in the pub-
lic sector, amongst others both the OECD 
and the EU use CBAs as a basis for their 
decision-making (cf. OECD 2006:12, EU 
2000). A major advantage of the CBA is to 
increase transparency on project selection 
and financing decisions and to make them 
comprehensible (cf. EU 2000:6).  

In general, CBAs are based on some 
basic assumptions that are fully competitive 
and balanced markets, price flexibility, full 
employment, and rational individuals (cf. 
Hanusch 2011:22). Evidently, these are ideal 
conditions that are especially challenged by 
the energy industry: the EU’s national energy 
markets are still far from being fully liberal-
ized and especially the structure of vertically 
integrated utilities bears the risk of market 
power abuse. A CBA further needs a clear 
territorial and temporal frame (cf. Hanusch 
2011:5). The territory for this study is the 
EU27+2 countries. As already mentioned in 
the definition, this study focuses on the es-
tablishment of 27+2 national Smart Grids that 
are connected with each other, consequently 
the scope of analysis is the respective nation 
state within the legal framework of the EU. 
Concerning the temporal aspect, there is a 
first time horizon 2010-2050 for the realiza-
tion of the Smart Grid and then a second time 
horizon for the long-term effects a Smart Grid 
deployment will have on future generations. 

Public Goods 

CBAs especially apply in the field of public 
goods, because there are no markets for 
public goods and therefor no private institu-
tion can provide them in an efficient way (cf. 
Hanusch 2011:3). In addition, public goods 
do not have a classical individual demand 
curve (there is no demand for Smart Grids 
from society) and thus classical willingness to 
pay and market prices do not exist (cf. Horst 
Hanusch 2011:73f).  

Public goods are defined as goods where 
the concept of non-rivalry applies and where, 
on the contrary, the exclusion principle is not 

applicable (cf. Hanusch 2011:70). Non-rivalry 
means that the exploitation of a common 
good by one consumer does not interfere the 
exploitation of the same good by other con-
sumers. The exclusion principle of markets is 
not applicable for public goods, because no 
consumer that is interested in the exploitation 
of the good can be excluded from the com-
mon use (cf. Hanusch 2011:70). In short, a 
large number of people can consume public 
goods at the same time without reducing the 
availability of the good or excluding each 
other (cf. Hanusch 2011:3). An often-cited 
example is the bathing lake, where every-
body can go swimming without hindering 
others to do the same. 

Another typical public good are infrastruc-
ture measures (cf. Hanusch 2011:68). In our 
case, electricity itself cannot be defined as 
public good, because a person can be ex-
cluded of the usage, e.g. if cable connection 
to one’s house is lost or if bills are not paid. 
However, a differentiation of electricity itself 
and the according infrastructure appears 
suitable. The provision of the according infra-
structure enabling the delivery of electricity 
could be defined as common good since the 
provision of the grid infrastructure can be 
compared to the transportation infrastructure 
(“electricity highways” COM(2010)677). As-
suming the given connection of a consumer’s 
home to the general electricity grid, as is the 
case for the vast majority of EU-households, 
consuming energy via the general infrastruc-
ture does not exclude other households from 
receiving electricity from the very same grid 
as well. Furthermore, in using the grid, the 
availability of the grid to other consumers is 
not reduced. Accordingly, the electricity grid 
could be seen as a public good and the ap-
plication of a CBA becomes relevant. 

Decision rules 

There are a number of different approaches 
or decision criterions within the CBA-method 
(cf. Hanusch 2011:118ff). In our case, the 
practice of the Net Present Value (NPV) shall 
be applied. The NPV is defined as the differ-
ence of the present value of all benefits 
PV(B) and the present value of all costs 
PV(C) that arise throughout the entire 
lifespan of a project (cf. Hanusch 2011:119).75 
Hence, the NPV stands for the discounted 
surplus of a public project. Discounted means 
that the future values of costs and benefits 
                                                                 
75 From this follows NPV=PV(B)-PV(C). 
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are adjusted to the present value by a dis-
count rate “by multiplying the future value by 
a coefficient that decreases with time” (EU 
2000:124). Hanusch denominates this pro-
cess as “temporal homogenization” (Hanusch 
2011:101). The result of the net benefits is 
determined decisively by the value of the 
discount rate (cf. also Hanusch 2011:102, cf. 
OECD 2007:4). For this reason this study 
also examines the discount rates the studies 
are based on.  

Correspondingly, the critics of the method 
of discounting argue that it is “morally unac-
ceptable as it seems to suggest that future 
costs or benefits are less important than pre-
sent ones, and is therefore unfair to future 
generations” (OECD 2007:4, cf. OECD 
2006:23). This becomes evident, especially 
for climate change issues, as through dis-
counting a “very low (and possibly practically 
zero) weight to events in the far-off future” is 
given – such as air pollution (Ackermann 
2008:330). This criticism finally introduced 
the debate over the “tyranny of discounting” 
(Markandya et. al 1988). The OECD thus 
suggests a declining discount rate over time 
(cf. OECD 2007:4). By contrast the discount 
rates of the studies analysed in this study are 
all constant rates (see Chapter 5.3). 

Distributional Impacts 

In general, CBAs neglect distributional im-
pacts – “the question who has to shoulder the 
highest burden and who benefits, is irrele-
vant” (Hanusch 2011:153, cf. EU 2000:125). 
On the ground that in an ideal situation in-
comes are distributed optimal, distributional 
effects of public projects do not find consid-
eration (cf. Hanusch 2011:153). If – in case 
of uneven distribution of incomes for example 
– distributional impacts should be consid-
ered, the analyst would have to identify a 
project’s costs and benefits first and then 
weighting them in a second step (cf. OECD 
2006:24). Nevertheless, both Hanusch and 
the OECD only look at distributional effects 
within segments of society or among different 
income groups (cf. Hanusch 2011:5, 154ff). 

However, for this study, distributional im-
pacts among different market actors are of 
major importance. In this respect, the tradi-
tional CBA will be refined. The purpose of 
this study is to analyse whether the deploy-
ment of a European Smart Grid will pay off 
and to identify the necessary steps in order to 

realize this project. Therefore, it is of great 
interest to detect which market actor has to 
shoulder the highest burden in order to look 
for ways of governmental support or incentive 
regulation. The OECD also points out that 
especially in the case of climate change “em-
pirical evidence about the ‘correct’ magni-
tudes of distributional weights can be usefully 
employed” (OECD 2006:25). The results 
could then be used to ask what “distributional 
adjustment” would have to be placed in order 
to pass or fail a CBA (cf. OECD 2006:24). 
Nonetheless, justified concern is the danger 
“whether the most ambitious proposals for 
distributional CBA generate more heat than 
light” (OECD 2006:25). 

Externalities 

Public projects have externalities, too. Taking 
the electricity grid, the building activity and 
clearing of forest traces is a negative exter-
nality. Contrary, Smart Grids also have posi-
tive externalities through reducing energy 
consumption, which entails less CO2 emis-
sions. But externalities are mostly non-
monetarized goods; as there is no market for 
non-monetarized goods, it might be easy to 
identify external costs and benefits, but the 
quantification of them is difficult (cf. Hanusch 
2011:69, cf. EU 2000:31).  

The practice of valuing externalities is 
then “to reveal (or state) individual willing-
ness to pay (or to receive) for benefits asso-
ciated with use (consumption) of environmen-
tal goods and services” (EU 2000:114). Ac-
cordingly, there are two main approaches for 
quantifying nonmarket goods: revealed pref-
erence or stated preference (cf. Atkinson 
2008:318). A widely applied technique of the 
stated preference method is the contingent 
valuation method. Here, respondents of a 
questionnaire are asked about their maxi-
mum willingness to pay or their minimum 
willingness to accept a good (better water 
quality, noise through new airport) in a hypo-
thetical market (cf. Atkinson 2008:319).  

The revealed preference methodin con-
trast, uses already existing “market infor-
mation and behaviour related to traded goods 
in order to infer values of non-market goods” 
(OECD 2007:3). The two main techniques 
are hedonic pricing and the travel cost meth-
od. The first describes the valuation through 
the change in value of property rights (a 
house next to a noisy street loses its value 
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compared to a similar house in a quiet street) 
(cf. Hanusch 2011:86f, cf. OECD 2007:3). 
The latter analyses how much time or money 
“people are willing to spend to gain access to 
an intangible ‘good’” (travel costs to a bathing 
lake as the price people are willing to pay to 
get there) (OECD 2007:3, cf. Hanusch 2011: 
75f).  

Additional CBA approaches 

Another method is the alternative cost meth-
od (cf. Hanusch 2011: 84f). It is based on the 
idea that the realization of a project redun-
dantizes another project; the costs of the 
latter do not need to be covered any longer 
(cf. Hanusch 2011:84). Therefore the benefits 
of a project generate from the avoided costs 
for the project that has become irrelevant in 
the meanwhile (cf. Hanusch 2011:84). This 
method becomes relevant when taking a 
closer look at the study’s thesis. It is sup-
posed that the costs for a Dumb Grid inte-
grating a high share of RES would exceed 
the costs for a Smart Grid. Thus the oppor-
tunity benefit of a Smart Grid could be de-
fined as avoided costs of a Dumb Grid.  

Another alternative is the extended CBA 
that also integrates employment effects (cf. 
Hanusch 2011:141). This approach implies 
that one of the basic assumptions – full em-
ployment and evenly distributed incomes – is 
annulled and therefore need to be reconsid-
ered. The Austrian PWC study is the only 
study analysed in this thesis which takes this 
fact into account. Finally, there is the cost-
effectiveness-analysis. In contrast to the tra-
ditional CBA, the cost-effectiveness-analysis 
does not focus on a final objective of gov-
ernment action, such as social welfare, but 
analyses projects rather on secondary, pro-
ject-specific objectives (cf. Hanusch 
2011:161).  

Criticism 

Ackermann discusses “six flaws” of cost-
benefit-analyses (Ackermann 2008). A first 
criticism is the method of pricing the price-
less. Not only is there no aggregated demand 
curve the analyst can apply for a human’s life 
or the existence of whales, Ackermann is 
convinced that priceless benefits are often 
“valued at zero by default” (Ackermann 
2008:5). The second critique consists in trou-
bling trade-offs. CBAs generally rely on the 
“hidden assumption that everything can be 

traded for everything”. This can become mis-
leading if artificial prices are applied to non-
monetarized goods such as life, health and 
nature (Ackermann 2008:6). Third, are the 
uncertainty and precaution CBAs are con-
fronted with: many public projects entail a lot 
of uncertainty, for example the question how 
much global warming is needed for irreversi-
ble collapse or the melting of the polar ice 
cap (cf. Ackermann 2008:6). A precise quan-
tification of such outcomes is “effectively 
impossible” (ibid.). Fourth, distorting the fu-
ture: Ackermann criticizes the method of 
discounting arguing that the lifespan of public 
projects is often intergenerational, but that in 
this case the “analogy to an individual in-
vestment decision breaks down” (Ackermann 
2008: 7, see also paragraph “decision rules”). 
Ackermann advocates a very low discount 
rate in order “to reflect any serious responsi-
bility to future generations” (Ackermann 
2008:7). The fifth criticism concerns exag-
gerated costs, since it is assumed that costs 
are often overestimated in advance (cf. 
Ackermann 2008:8). Finally, Ackermann criti-
cizes the partisans and technicalities. The 
impartial garment of the CBA can fail if “bias-
es may enter in the choice of alternatives, 
and in the interpretation of complex, technical 
data” (Ackermann 2008:9). 

In summary, this short review has shown 
why it makes sense to apply the method of 
cost-benefit-analyses within this study. The 
modernization of electricity grids is an infra-
structure project which can be classified as a 
public good. The supply electricity is also an 
important component of welfare economics. 
At the same time, private investment anal-
yses cannot be applied in this case as a lot of 
specific costs and benefits cannot be deter-
mined via market prices. For instance, there 
is no market price for the people’s willingness 
to accept a new power pole in their backyard; 
or similarly the benefit through reduced CO2 
emissions that Smart Grids will entail is also 
a typical non-monetarized good. Therefore, 
the application of a CBA is reasonable to 
quantify such a public project. 

5.2 Data and Processing 

Currently, there are 24 cost-benefit-analyses 
with a national scope about the cost-
effectiveness of a Smart Meter roll-out and/or 
the deployment of Smart Grids in the EU. 
These studies were commissioned either by 
ministries, regulators or associations of the 
energy industry. The majority of the studies 
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only analyses the costs and benefits of a 
Smart Meter roll-out, (see scope “SM”, Figure 
7) and not the overall costs and benefits of 
establishing a Smart Grid (see scope “SG”, 
Figure 7). Once again this makes the added 
value of this study obvious: Until now there is 
no profound CBA about a European Smart 
Grid available and only few examine the de-
ployment of a national Smart Grid.  

Even though this study aims to quantify 
the costs and benefits of a European Smart 
Grid, those studies whose scope is limited to 
a Smart Meter roll-out will also be analysed, 
since from a practical point of view they de-
liver important cost and benefit parameters 
that also apply for the general establishment 
of a Smart Grid. Beyond that they are rele-
vant because it is further assumed that a roll-
out of Smart Meters is fundamental for the 
functioning of Smart Grids (cf. Kema 
2010:56, A.T.Kearney 2010:112, EU TFSG 
2009:1). Various reasons support this argu-
ment: First, demand side management and 
load shift only become viable to a considera-
ble degree if e-mobility (V2G) and smart ap-
pliances are in place; both need to be con-
nected to Smart Meters. Second, this study 
tries to quantify all costs and benefits con-
nected with the establishment of Smart Grids, 
consequently Smart Meters cannot be ne-
glected, and third the definition of Smart 
Grids clearly states that a bidirectional com-
munication between all market participants is 
constitutive for Smart Grids, thus also house-
holds have to be included. The only signifi-
cant argument against a complete roll-out in 
every single household would be that smart 
substations76 could suffice to render the grid 
intelligent enough.  

On first sight, the best approach would 
have been to analyse the CBAs in order to 
detect regularities in the study designs and to 
establish a universal formula leading to clear 
results. However, it became evident that this 
is impossible, since the study designs, the 
different scenarios and the scopes vary ex-
tensively. For instance, the Hungarian study 
bases its scenarios on different market actor 
responsibilities; the Kema study for the Neth-
erlands is based on different ranges of the 
roll-out of Smart Meters, whereas the Austri-

                                                                 

76 A substation connects grids with different voltages 
(extra-high voltage / high voltage / medium voltage / low 
voltage). Its purpose is to reduce or transform voltage to 
the necessary level. Therewith substations serve as nod 
for the further distribution of electricity (cf. EnBW 2011). 

an PWC study uses different time aspects as 
a decisive point (see more detailed in Chap-
ter 5.3.1). Figure 7 shows further that the 
outcome of the studies (positive or negative 
NPV) is to one third positive, to one third 
negative and cannot be assessed definitely 
for the last third. The only regularity that can 
be found across all CBAs is that in the end 
consumers profit in most cases whereas the 
grid operator or energy supplier has to bear 
the main costs and seldom profits.  

Since the outcome is so diverse, and 
since it is not possible to detect a universal 
formula, this study will classify the main types 
(qualification) of costs and benefits and to 
assess their amount (quantification). This is 
followed by an analysis of how the cost and 
benefit parameters are distributed among 
market actors.77 Broadening the perspective, 
these results will be used to assess the costs 
and benefits of the deployment of a Europe-
an Smart Grid as a next step. This section 
will partly consist of another survey study in 
order to quantify the costs for the infrastruc-
ture update for both Dumb and Smart Grids; 
besides that, own calculations are processed 
in order to quantify the capacity effect 
through load shifting and the end energy 
savings effect.  

5.3 Analysis of National CBAs 

Generally, three different types of studies can 
be detected: 

1) Smart Meter: a narrow scope of anal-
ysis, concentrating on Smart Meter 
only 

2) Smart Meter + : a macroeconomic 
scope of analysis, including employ-
ment effects 

3) Smart Grid: scope of analysis focus-
es on the deployment of a Smart Grid 

Five of these CBAs are not suitable for the 
analysis, because the available data is not 
adequate. Then there are another nine stud-
ies (also marked red) that are unsuitable, 
because they are either only available in 
languages that cannot be analysed within the 
framework of this study (Dutch, Portuguese, 
Danish and Swedish), their scope is not ade-
quate (Smart Meters for Gas only), they are 
too old so that recent developments in the  

                                                                 

77 For discussion on whether including distributional 
impacts into a CBA or not, see Chapter 5.1. 
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Figure 7 Overview of National CBAs (own graph) 

 
 

                                                                 
78 SM = Smart Meter, SG = Smart Grid, E= Electricity. 

Studies 

Overall Suitable Study Year Scope
78

 NPV Language 

1 + UK DECC 2011 SG Pos Engl 

2 + AT PWC 2010 SM+ Pos Ger 

3 - F Sopra 2010 SM Pos Engl 

4 + HU ATKearney, Force  
Motrice 

2010 SM Pos Engl 

5 - NL Accenture 2005 SM Pos NL 

6 + NL Kema 2010 SM Pos – 
one scenario neg 

Engl 

7 - SWE  St.Energimvndighet 2002 n.d. Pos n.d. 

8 + GER Kema 2009 SM Both Ger 

9 + GER Frontier 2010 SM Both Ger 

10 - ITA 2007 SM Gas only Both Engl 

11 + NL Frontier 2008 SM Both Engl 

12 - POR 2007 SM E only Both Port 

13 + UK ensg 2009 SG Both Engl 

14 + AT Capgemini 2010 SM Neg Ger 

15 - BE Kema 2008 SM Neg NL 

16 - DK Energi Styrelsen 2009 SM E only Neg DK 

17 + DK energinet 2010 SG Neg –  
BAU even worse 

Engl 

18 - SWE 2002 SM E only Neg Swe 

19 - SWE  Energiemarknads 
Inspektionen 

2010 SM E only Neg Swe 

↓ Not considered - no adequate data available ↓ 

20 - CH econcept 2009 SM Neg Ger 

21 - NL SenterNovem 2010 n.d. NCV pos Engl 

22 - PL 2010 n.d. n.d. Pol 

23 - PL Ernst & Young 2010 n.d. n.d. Pol 

24 - SLO 2010 n.d. n.d. Slov 
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sector could not have been considered (pub-
lished in 2002-2007) and finally because the 
analysis itself is not available (in case of 
France).  

 Consequently, there are ten studies 
which were analysed intensively; Figure 8 
gives an overview of these studies. The se-
lected studies were all commissioned be-
tween 2008 and 2011 and most of the Smart 
Metering studies include both gas and elec-
tricity in their analysis. The projects’ time 
horizons are between ten and twenty years, 
and the discount factor varies widely from 
4,15% up to 10%. Market participants are – 
in different compositions – producers, trad-
ers, network operators, energy suppliers, 
metering companies, end consumer, the 
government or the nation state itself. The 
Hungarian study is the only one that also 
considers new players such as Smart Meter 
vendors, vendors of communication technol-
ogies and service companies (cf. HU AT 
Kearney 2010:33). 

 Concerning the NPV, it is important to 
mention that most studies yield both positive 
and negative “intermediate” results, but final 

results are often subject to interpretation. 
Thus the choice of the scenarios is often 
decisive. For instance, the Kema study for 
Germany has actor-related scenarios and a 
varying business case, because a Smart 
Meter roll-out pays off for consumers, but not 
for the energy supplier. In contrast, the 
Capgemini study (Austria) has a roll-out-
related scenario and a negative business 
case arguing that for all roll-out scenarios the 
business case is negative – even though 
three of four market participants would have 
slightly positive business cases (cf. Capgem-
ini 2010:65). Figure 8 also summarizes the 
distribution of the economic effects of a 
Smart Grid deployment or a Smart Meter roll-
out. Thereby consumers share mostly the 
benefits whereas grid operators have to 
shoulder the financial burden. 

Positive NPV Austria Netherlands Hungary United Kingdom 

Published 2010 2010 2010 2011 

Commissioned 
 by 

E-Control (Austrian 

regulatory authority) 

Ministry of Economic 

Affairs 

Hungarian Energy Office, 

World Bank 

DECC (Department of 

Energy and Climate) 

Issued by PWC Kema AT Kearney, Force Motrice  

Scope Smart Meter + (E+G) Smart Meter (E+G+W) Smart Meter (E+G) Smart Meter 

NPV POS POS POS POS 

Discount  
rate 

4,15% n.d. 8% (sociological benefits) 

10% (capital cost of indus-

try) 

n.d. 

Timeframe 
 (years) 

14 n.d. 10 20 

Actors network operator, 

energy supplier, end 

consumer 

the environment, gov-

ernment, producer, 

network operator, ener-

gy supplier, metering 

companies, end con-

sumer 

producer, trader, network 

operator, energy supplier, 

metering companies, end 

consumer, new players 

state, producer, net-

work operator, energy 

supplier 

Distribution end consumer with 

net benefit, grid oper-

ator most costs, sup-

plier also net costs 

biggest benefit to cus-

tomer, metering com-

pany also net benefit 

industrial stakeholders 

bear the costs (negative 

NPV), the consumers 

benefit 

any costs to energy 

suppliers to be recov-

ered through higher 

energy prices 



MES-Perspektiven 01/2012 

25 
 

 

Negative NPV Austria Denmark 

Published 2010 2010 

Commissioned 
 by 

VEÖ (Österreichs Energie, association of the Austrian 

electricity industry) 
Joint report of Danskenergi (Danish Energy 

Association79) and Energinet.dk (non-profit 

enterprise owned by the Government) 

Issued by Capgemini  

Scope Smart Meter (E+G) Smart Grid 

NPV NEG NEG (but) 

Discount 
 rate 

7,03% 5,00% 

Timeframe  
(years) 

18 15 to 20 

Actors producer, network operator, energy supplier, end 

consumer 

n.d. 

Distribution consumers profit, grid operator most negative NPV BAU NPV more negative 
 

Figure 8 Overview Study Designs (own graph) 
                                                                 
79 Danskenergi heads three associations: traders, production companies and net companies; financed by the Danish elec-
tricity companies (cf. URL Danskenergi: About Us). 

Varying NPV Netherlands United Kingdom Germany Germany 

Published 2008 2009 2009 2010 

Commissioned  
by 

Energiekamer (Au-

thority Regulator) 

DECC (Department of 

Energy and Climate) and 

Ofgem (regulatory au-

thority) 

Ministry of Economics and 

Technology 

Yello Strom GmbH 

(full subsidiary of 

EnBW) 

Issued by Frontier, Logica Ensg (Electricity Net-

works Strategy Group), 

Accenture 

Kema Frontier 

Scope Smart Meter (E+G) Smart Grid Smart Meter (E+G) Smart Meter (E) 

NPV BOTH BOTH BOTH BOTH 

Discount  
rate 

5,50% 2010-2030: 3,5% 2030-

2050: 3% 

6,72% n.d. 

Timeframe  
(years) 

8 & 17 40 20 n.d. 

Actors only DSO n.d. government, producer, 

network operator, energy 

supplier, metering com-

panies, end consumer 

n.d. 

Distribution n.d. n.d. high investment costs for 

DSO (VNB), benefits for 

supplier and consumer 

n.d. 
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Figure 10 Comparison of the Macroeconomic Effects (PWC 2010:12) 
 

 

 

Scenarios and Business Cases 
 
The CBAs will be ordered first according to 
their NPV and then chronologically. 
 

1.Austria (PWC) 

 The CBA looks at direct effects (investment 
costs, O&M costs) and indirect effects (ener-
gygy savings, CO2 savings, time savings 
through saved call centre costs) that are 
evaluated on a monetary basis (cf. PWC 
2010:20, more detailed in Figure 22). It also 
includes a macro-economic calculation (in 
put-output model), which takes into account 
the national production value, value added 
and the effect on employment (cf. PWC 
2010:12,49). 
 

 
Figure 9 Scenarios for Austria (PWC) (own graph) 
 

The scenarios depend on the different 
timeframes for electricity and gas meter roll-
outs and – in the last scenario – on the per-
centage of the overall roll-out. There is a 
positive net effect in all scenarios. The NPV 
lies between EUR 291 mio and EUR 556 mio 
(see Figure 9). There is further a CO2 saving 
aspect of 4.6t to 6.2t that is valued with EUR 
61mio to EUR 83mio (cf. PWC 2010:10,68).80 
However, this value is not included in any of 
the calculations. It is assumed that these 
benefits are not included into the scenario 
modelling in order to avoid double counting 

                                                                 
80 For the project’s entire time horizon of 14 years 

since the emission savings result from the 
consumers’ energy savings which are al-
ready considered (cf. PWC 2010:9f,53).The 
macroeconomic analysis further shows that 
the national production value has an increase 
of EUR 1.5 bn to EUR 1.7 bn (cf. PWC 
2010:12). The added value levels between 
EUR 647 mio and EUR 775 mio (cf. ibid.). 
The roll-out of Smart Meters has an employ-
ment effect on 7,000 to 8,400 persons (cf. 
ibid). Comparing the overall positive result to 
the overall negative results of the Capgemini 
study that also analyses the Austrian market 
may add a further dimension to the design 
modelling. VEÖ, the association of the Aus-
trian electricity industry, commissioned the 
Capgemini study. Both studies were under-
taken in the light of upcoming negotiations 
between the grid states and the regulator (cf. 
Capgemini 2010:7). The range of interests is 
obvious: VEÖ writes that the objective of the 
study was to provide an argumentation aid 
for the “grid operators as sponsors” 
(Capgemini 2010:7). E-Control, the regulator 
of the Austrian electricity market, contrary 
has a high interest in the installation of Smart 
Meters, because as a regulator’s task is to 
strengthen competition in the energy mar-
ket.81 

2. Netherlands (Kema) 

The Kema study is a differential study that 
analyses the difference between a statistical 
baseline “zero” situation (BAU scenario with 
(introduction of smart metering) (cf. Kema 
2010:45). Even though Scenario 3 has a 
negative NPV, the authors announce a posi-
tive business case since the 100% standard 
reading scenario is the reference situation 
and therefore decisive (cf. Kema 2010:3). 
The scenarios are based on different smart 
meter technologies. 100% standard smart 
reading. (Scenario1) refers to a bi-monthly 
detailed reading (Scenario 2) happens on a 
very frequent basis (every 15minutes) (cf. 
Kema 2010:43). The third scenario is a 20% 
administrative off (which means that a smart  

                                                                 

81 Cf. URL E-Control: E-Control and the Austrian energy 
markets. 

 

Scenario 

1 

95% Rollout, 

period 2011-2017 (SM 

Electricity + Gas) 

NPV EUR 

497mio 

Scenario 

2 

95% Rollout, 

SM electricity 2011-

2015 SM Gas 2011-2017 

NPV EUR 

556mio 

Scenario 

3 

95% Rollout, 

SM electricity 2011-

2017 SM Gas 2011-2019 

NPV EUR 

461mio 

Scenario 

4 

80% Rollout, 

period 2011-2020 (SM 

Electricity + Gas) 

NPV EUR 

291mio 
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Figure 12 Scenarios for Hungary (A.T. Kearney) 
(own graph) 
 

Figure 11 Scenarios for the Netherlands (Kema) 
(own graph) 
 
meter is built in, but that its smart functionali-
ties are turned off at the consumer’s request) 
and the last scenario then consists of 20% 
traditional meter (cf. Kema 2010: 16,65). A 
unique characteristic of this study is the in-
clusion of avoided future investments in a 
Smart Grid as benefit items. Kema argues 
that through the roll-out of Smart Meters a 
dual communication infrastructure is already 
in place when establishing the Smart Grid 
and therefore can be defined as avoided 
investment of a Smart Grid deployment (cf. 
Kema 2010:56). The avoided costs amount 
to EUR 325mio when converted into NPV 
and are included in the cost-benefit-
calculation (cf. Kema 2010:58). Taking into 
account the narrow margins between a posi-
tive and negative NPV (Scenario 3 with EUR 
-15 mio), it becomes evident how significant 
the modelling of the CBA design is – and how 
difficult it is to compare the correlations be-
tween design and outcome of different stud-
ies. Further, Kema itself admits that the esti-
mates about the avoided investments are 
“relatively uncertain” which opens again room 
for interpretation to what extent the study 
might be biased (Kema 2010:58).  

Another peculiarity is that the Kema study 
includes the environment as profiteer in the 
overall distribution among stakeholders (cf. 
Kema 2010:48, see Chapter 5.3.4 “Distribu-
tion”). The study was already conducted in 
2005 with a positive NPV of 1.3bn EUR (cf. 
Kema 2010:B.3). In summary, it can be stat-
ed that the 2010 study results are more pes-
simistic than the 2005 outcome; second that 
the results are more optimistic if detailed 
reading is included, and third that results take 
a tumble if the alternatives administrative off 
or traditional meters are considered.  

3. Hungary (A.T.Kearney) 

The Hungarian CBA focuses on how the 
metering is organized. Accordingly the four 
scenarios are developed: Scenario 1, the 
Basic Model, foresees that the DSOs of dif-
ferent utilities would operate the smart meter-
ing systems separately (cf. ATK 2010:64). 
The Cooperation Model is based on the as-
sumption that there is a “certain level of co-
operation” between the DSOs (ibid.). In the 
third scenario a separate Smart Meter Opera-
tor is created to operate the smart metering 
system, while the fourth scenario includes 
several SM operators (ATK 2010:68,70).  

All four scenarios have a positive NPV. 
The characteristics of the roll-out (balanced 
roll-out, fast roll-out, delayed roll-out) serve 
as sensitivity check. The NPV rests positive 
for all roll-out scenarios and lies between 
EUR 358mio and EUR 562mio (see Figure 
12). Scenario 3 and 4 “provide the highest 
return as the exploitation of the synergies is 
the most efficient in these cases” (ATK 
2010:72). If, however, the balance is shifted 
from the national economy level to the bal-
ance for industry players, Scenario 1 and 2 
have a negative NPV (in the balanced roll-out 
scheme), whereas the NPV stays positive for 
the third and fourth scenarios (cf. ATK 
2010:72). The study further explicitly anal-
yses the distribution of the costs and benefits 
among the different market participants (cf. 
ATK 2010:55, see Chapter 5.3.4 “Distribu-
tion”). 

Scenario 

0 

Kema Study 2005 NPV EUR 

1.3 bn 

Scenario 

1 
“Reference Situation” 

100% standard reading 

(standard Smart Meter) 

NPV EUR 

770 mio 

 

Scenario 

2 
20% Detailed 

Reading 

NPV EUR 

860 mio 

Scenario 

3 
20% Administrative 

 Off 

NPV EUR 

-15 mio 

Scenario 

4 
20% Traditional 

Meter 

NPV EUR 

40 mio 

Scenario 

1 

Distributor Basic Model 

(2 independent systems 

for electricity and gas) 

NPV EUR 

358 mio 

Scenario 

2 

Distributor Cooperation 

Model (electricity and 

gas DSOs cooperate) 

NPV EUR 

478 mio 

Scenario 

3 

Central SM Operator 

Model (1 SM operator 

for the entire territory of 

the country) 

NPV EUR 

562 mio 

Scenario 

4 

Area SM Operator Model 

(Several SM operators in 

the territory of the  

country) 

NPV EUR 

520 mio 
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4. United Kingdom (DECC) 

The British Department of Energy and Cli-
mate Change (DECC) processed two impact 
assessments in 2010 and 2011 for a UK-wide 
smart meter roll-out for the domestic sector. 
Its scenarios 1 and 2 refer to the 2010 impact 
assessment. In the Full Establishment option 
the Smart Meter roll-out would start when the 
communication system is in place, whereas 
in the second Staged Implementation option 
the roll-out starts in advance of the full estab-
lishment of the communication system. Sce-
nario 3 relates to the 2011 impact assess-
ment and also foresees a staged implemen-
tation (see Figure 13). The NPVs of the dif-
ferent scenarios lay very close together be-
tween EUR 5.7bn and EUR 5.8bn. The very 
high positive result in all scenarios is note-
worthy. The other study scenarios so far 
were all in the million range (despite the Ke-
ma 2005 result). 
 

Scenario 

1 
Policy Option 1 “Full 

Establishment” 2010 

(roll-out starts when 

communication systems 

in place) 

NPV EUR 

5.8 bn 

 

Scenario 

2 

Policy Option 2 “Staged 

Implementation” 2010 

(roll-out starts in ad-

vance of the full estab-

lishment of the central 

communication system) 

NPV EUR 

5.7 bn 

 

Scenario 

3 

Preferred Option “Sta-

ged Implementation” 

2011 

NPV EUR 

5.8 bn 

 

Figure 13 Scenarios for the United Kingdom 
(DECC) (own graph) 

A peculiarity of this design is that CO2 sav-
ings are valued in two different ways: as 
traded tons within the EU ETS and as non-
traded tons.82 Within the study’s time horizon 
of 20 years, both assessments amount to a 
total of 33mio t CO2e and are valued with 
EUR 1.2bn (cf. DECC 2011:68,75).  

                                                                 
82 According to DECC, the impact of a ton of CO2 abated 
in the traded (electricity) sector has a different impact to 
a ton of CO2 abated in the non-traded (gas) sector (cf. 
DECC 2011:41). Emission reductions in the traded 
sector deliver a benefit but do not reduce overall GHG 
emissions because of the EU ETS (surplus allowances 
will be bought by other member states), whereas emis-
sion reductions in the non-traded sector do reduce GHG 
emissions (cf. DECC 2011: 41,74). 

5. Netherlands (Frontier) 

This CBA only gives a “partial view” as it only 
examines the costs and benefits of the DSOs 
(Frontier 2008:8). Nevertheless, this study is 
important for analysing the cost and benefit 
parameters. The study develops two main 
scenarios: an optimistic and a pessimistic 
one. They have been developed on a range 
for the lowest and highest costs for each 
input (cf. Frontier 2008:40).  
 

 

Figure 14 Scenarios for the Netherlands (Frontier) 
(own graph) 

The Optimistic Scenario shows a positive 
NPV of EUR 822 mio, whereas the Pessimis-
tic Scenario has a negative NPV of EUR -933 
mio. In both scenarios the cumulative NPV 
shows a sharp drop during the first years of 
the meter roll-out, after about eight years the 
cumulative NPV begins to rise in both sce-
nario, but it only turns positive in the first 
scenario from year 12 onwards (cf. Frontier 
2008:58). 

 

Figure 15 Cumulative NPV Impact of a Smart 
Meter Roll-Out (Frontier 2008:58) 

Scenario 

1 

Optimistic  

Scenario 
NPV EUR 

822 mio 

Scenario 

2 

Pessimistic  

Scenario 
NPV EUR -

933 mio 
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Figure 17 Scenarios for Germany (Kema) (own 
graph) 

6. United Kingdom (ENSG, Accenture) 

The purpose of this study was to promote the 
debate about a British Smart Grid within gov-
ernment and industry (cf. ENSG 2009:2). The 
CBA is split across two phases: 2010-2020 
and 2020-2050 in order to “account for the 
high degree of uncertainty post 2020” (ENSG 
2009:17). The second phase also includes 
distributed energy resources and transport 
electrification (V2G) (cf. ENSG 2009:17). 
Scenario 1 and 2 relate to the first phase 
(2010-2020.), while scenario 3 focuses on 
the timeframe 2020-2050. 
 

Scenario 

1 

Phase 1  

Base Scenario 

(2010-2020) 

NPV EUR 1.1 

bn 

Scenario 

2 
Phase 1  

Low Scenario 

(2010-2020) 

NPV EUR -193 

mio 

Scenario 

3 
Phase 2  

(2020-2050) 

NPV EUR 3.1 

bn 

 

Figure 16 Scenarios for the United Kingdom 
(ENSG) (own graph) 

 
The base and low scenario differ in their 

assumption about the amplitude of the bene-
fit parameters. For every targeted benefit 
there is a discounted value benefit range, the 
range drivers are specific minimum and max-
imum assumptions such as the availability of 
distributed generation, or the customer en-
gagement and demand response take-up (cf. 
ENSG 2009:19). The NPV is positive for 
Scenario 1 and 3 with a NPV from EUR 
1.1bn to EUR 3.1bn, only the second scenar-
io shows a slight negative result, whereas in 
the long run there is a clear positive NPV 
(see Figure 16). 

7. Germany (Kema) 

The Kema-study bases its scenario on differ-
ent market participants, which are house-
holds, metering point operators, grid opera-
tors, suppliers, producers and the state. The 
five scenarios differ in the responsibilities of 
the market participants for the roll-out. In the 
first scenario, the roll-out is market-driven 
and in the responsibility of the supplier and 
metering point operator, in the second sce-
nario the roll-out is processed by the DSOs. 
The third to fifth scenario focus on the reali-
zation of the feedback which is either a 

monthly stating of accounts (Scenario 3), a 
monthly feedback, but only for electricity 
(Scenario 4) or a real-time feedback with 
state-aid (Scenario 5).  Only Scenario 4 has 
a positive NPV. This is remarkable since 
Scenario 4 is based on a complete roll-out of 
electricity meters (no gas meter roll-out), but  
in comparison to other studies a free choice 
model seems to be advantageous (see Ger-
many, Frontier).  

However, this is not the case for the 
German Kema study: Scenario 1 delivers a 
negative NPV even though it is a free choice 
scenario, where it is supposed that a 10% 
roll-out happens due to a “technophile and 
ecologically orientated” part of the population 
(cf. Kema 2009:208). As explanation for the 
positive outcome of Scenario 4, on the other 
hand, Kema states that the investment costs 
are significantly lower if no gas meters need 
to be installed and combined with energy 
savings a positive scenario is possible (cf. 
Kema 2009:219). However, the robustness of 
this scenario raises doubts, since it is unlikely 
that gas meters have such a heavy weight for 
the overall outcome of the scenario. Never-
theless, this CBA is an example for how 
strong costs and benefits depend on roles 
and responsibilities. A roll-out by DSOs is the 
worst case scenario with a NPV of EUR -
1.5bn, whereas the supplier scenario is less 
negative and in Scenario 4 also the supplier 
or the metering point operator are responsi-
ble for the roll-out (cf. Kema 2009:219). 

Scenario 

1 
Supplier Scenario (com-

petitive roll-out by 

supplier + MPO) 

NPV EUR 

 -179 

mio 

Scenario 

2 

Grid Operators  

Scenario (roll-out by 

DSOs) 

NPV EUR  

-1.5 bn 

Scenario 

3 
Feedback Scenario 

(monthly stating of 

accounts for 

 consumers) 

NPV EUR  

-355 mio 

 

Scenario 

4 
Feedback Electricity 

Scenario (same as 

Feedback scenario, but 

only electricity) 

NPV EUR 

178 mio 

 

Scenario 

5 
Savings Scenario (state 

aid for real-time feed-

back) 

NPV EUR  

-415mio 
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8. Germany (Frontier) 

This study focuses on different types of 
households and meter technologies. Accord-
ingly, the scenarios foresee a mandatory roll-
out with two different meter technologies 
(Scenario 1 and 2), a ‘compulsory choice’ 
scenario where the customers have free 
choice of technology under a complete roll-
out (Scenario 3), free choice scenarios where 
customers can decide whether they want a 
Smart Meter and if yes, which technology 
they prefer (Scenario 4 and 5). In Scenario 5 
the installation costs are lower through pos-
sible synergy effects and at least another 
duty to choice scenario for households above 
5,000 kWh (cf. Frontier 2011:10f). 
 

Figure 18 Scenarios for Germany (Frontier) (own 
graph) 

Half of the scenarios are positive, the 
other half negative; the NPV results vary from 
EUR 251mio to EUR 72mio (see Figure 18). 
According to the results, a mandatory roll-out 
is the least preferable solution, whereas the 
free choice models gain the best results. 
Furthermore, it can be said that the saving 
potential for households is greater, the more 
a household consumes (cf. Frontier 2011: 
17,19). The installation of Smart Meters is 
thus deemed to be only economically worth-
while for 43% of the German households at 
the maximum (cf. Frontier 2011:20). The 
applied scope of analysis is narrow, however, 

as the study does include load shift, but does 
not integrate emission reductions, supplier 
switches or less outages.  

9. Austria (Capgemini) 

The Capgemini study is a differential study 
between a BAU scenario and two different 
roll-out scenarios (cf. Capgemini 2010:4). 
Remarkably, this is the first study to also 
consider how the costs for a BAU scenario – 
or a Dumb Grid – relate to those for a Smart 
Grid. Unfortunately, the study does not deliv-
er any concrete costs for the BAU-scenario. 
Consequently, it is impossible to draw any 
conclusions whether a BAU scenario would 
lead to even higher negative effects than 
those of Scenario 2 and 3 or not.83 The other 
two scenarios are both highly negative with a 
NPV of EUR -1.9bn to EUR -2.5bn, depend-
ing on the percentage of the roll-out of either 
80% or 100%. Once again this study also 
shows how much the final results are subject 
to interpretation: Even though the final NPVs 
are negative, a modelling of the scenarios 
based on market actors (as in the case for 
Hungary, ATK or Germany, Kema) with three 
of four market participants (producer, suppli-
er, consumer) would have resulted in a slight-
ly positive business case (cf. Capgemini 
2010:65).  

Figure 19 Scenarios for Austria (Capgemini) (own 
graph) 

Despite the negative results, the authors 
underline that a reconsideration of the whole 
subject will have to become necessary in 
consideration of the future energy trends 
since “Smart Grids will become as fundamen-
tal as previously was the road and railway 
system” (Capgemini 2010:5f).  

 

                                                                 

83 See also discussion about the study’s outcome in the 
paragraph about of the Austria PWC study. 

Scenario 

1 

Mandated roll-out – 

EDL 40 (nationwide, 

100%) (“1”) 

NPV EUR -

251 mio 

Scenario 

2 

Mandated roll-out – 

EDL 21 (nationwide, 

100%) (“1a”) 

NPV EUR -

207 mio 

Scenario 

3 

Compulsory choice 

(nationwide roll-out, 

free choice of smart 

meter type) (“2”) 

NPV EUR -

218 mio 

Scenario 

4 

Free choice – with-

out synergies (“3”) 

NPV EUR 

70 mio 

Scenario 

5 

Free choice – with 

synergies (“3a”) 

NPV EUR 

72 mio 

Scenario 
6 

Compulsory choice 

for households 

above 5,000kWh 

(“2a”) 

NPV EUR 

54 mio 

Scenario 

1 

BAU (continuing the 

installation of  

traditional meters) 

n.d. 

Scenario 

2 

EU (80% rollout by 

2020) 

NPV EUR 

-1.9 bn 

Scenario 

3 

100% rollout;  

electricity by 2020, gas 

by 2024 

NPV EUR 

-2.5 bn 
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DKK -9.8 bn = 
EUR -1.3 bn 

DKK -8.2 bn= 
EUR -1.1 bn 

DKK -1.6 bn= 
EUR -215 mio 

 

10. Denmark (energinet) 

Figure 20 Scenarios for Denmark (energinet) (own 
graph) 

The differential study compares costs 
and benefits of a Smart Grid roll-out with 
costs and benefits of a traditional grid struc-
ture. This approach was also partially under-
taken in the Austrian Capgemini study and 
reflects the rationale of the research question 
whether there are opportunity benefits to a 

Smart Grid compared to a Dumb Grid 
adapted to integrate a high share of RES. 

The first scenarios is a traditional ap-
proach, taking into account the investments 
for keeping a Dumb Grid up to date while 
integrating a significant amount of renewa-
bles (cf. Energinet 2009:10). The second and 
third scenario are both Smart Grid scenarios, 
whereas the latter takes into account electric 
vehicles. 

Figure 21 visualizes the approach that 
even though the NPV of establishing a Smart 
Grid is negative (EUR -215 mio), the costs for 
a traditional grid are significantly higher (EUR 
-1.0 bn). It can further be observed, that the 
primary investments for a Smart Grid are 
higher than for a Dumb Grid (EUR 1.3 bn vs. 
EUR 1.0 bn). Nevertheless, the benefits of a 
Smart Grid (lower electricity generation costs, 
more effective production of ancillary ser-
vices, electricity savings) lower the negative 
NPV to EUR -215 mio whereas the traditional 
scenario’s NPV remains at EUR -1.0 bn (cf. 
Energinet 2009:5). If all sensitivities (electric 
vehicles) are included, the NPV even turns 
positive (see Scenario 3). The study thus 
concludes that Smart Grids are the only solu-
tion to escape a negative scenario. 

Scenario 

1 
Traditional (lay-

ing more and 

thicker cables) 

NPV EUR  

-1.0 bn 

Scenario 

2 

Smart Grid  

(nationwide roll-

out) 

NPV EUR  

-215 mio 

NPV EUR 818 

mio economic 

benefit of  

choosing Smart 

Grid strategy 

Scenario 

3 

Smart Grid + 

(nationwide roll-

out plus wind 

turbines, electric 

cars, individual 

heat pumps) 

NPV EUR 134 

mio for scenario 

with 500,00 

electric vehicles 

(2025-2030) 

Figure 21 Comparison of BAU and Smart Grid Scenario (Energinet 2009:16) 
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Summary 

The results differ strongly, as the study de-
signs vary widely. However, at this stage, it 
cannot be detected yet what different kind of 
scopes, assumptions and approaches of the 
studies tend to produce what kind of results. 
This is due to the following: First, the designs 
of the CBAs vary greatly, differing in whether 
a macroeconomic scope is applied or not, 
and whether the scope is reduced to a Smart 
Meter roll-out or includes the deployment of a 
Smart Grid (cf. Figure 8). Second, the actors 
determining the different CBAs cannot be 
compared either since they also differ widely 
from a global approach including “the state” 
or “the environment” to very detailed ones 
only analysing the costs and benefits of 
Smart Meters for one market participant, e.g. 
DSOs (cf. Kema 2010, DECC 2011, Frontier 
2008, see also Figure 8). Third, any correla-
tions between the scenarios cannot be de-
tected since they are based on fundamental 
different assumptions such as actor-related 
scenarios in the Kema 2009 study or roll-out-
related scenarios in the Capgemini 2010 
study. Beyond that, the results sometimes do 
not appear to be very robust (cf. Germany 
Kema, Scenario 4). Further, the individual 
conclusions seems to be subject to interpre-
tation: authors occasionally appear to be 
choosing results they need or expect: Kema 
Netherlands assesses the establishment of 
Smart Grids positively, even though one sce-
nario is negative, while Kema Germany gives 
a negative assessment even though a Smart 
Grid would pay off for three out of four market 
participants. It is also problematic that most 
of the calculations are not very transparent – 
with the exception of the PWC study for Aus-
tria and ATK for Hungary. Finally, a quantita-
tive BAU is only available for the Energinet 
study of a Danish Smart Grid. The question 
whether Smart Grid or Smart Meter imply to 
be ‘less worse off’ cannot be answered yet.  

Cost and Benefit Parameters 

Even though cost and benefit parameters 
differ greatly, this study aims to aggregate 
them and to give an overview. As the under-
lying data was underreported, only parame-
ters that were mentioned explicitly in the 
studies could be considered. The parameters 
for both costs and benefits were collected 
among all the ten studies, then grouped to-
gether in logical entities such as “market 
mechanism / lower cost level / supplier 
switch” or “less outages / less complaints / 

better customer service” because among all 
the studies hardly any parameter was used in 
exactly the same wording but slightly differ-
ent. This overview cannot claim to be ex-
haustive since parameters that only ap-
peared in one study and could not be 
grouped to one of the logic entities were ne-
glected due to reasons of clarity and mean-
ingfulness. Figure 22 illustrates which pa-
rameters were part of which study. 

Costs 

Seven main cost parameters were deducted 
from analysing the studies. The category of 
direct costs include investment costs for the 
hardware, the meters’ installation costs and 
costs for operating and maintenance. Further 
important costs are the costs for setting up 
the bidirectional communication infrastruc-
ture, the IT architecture and providing data 
security. These are complemented by indirect 
costs affecting the industry, but benefitting 
customers (cf. PWC 2010:42). These include 
lost income through behavioural changes 
(e.g. reduced electricity consumption of 
households), or unsold electricity through 
reduced peak demand. Finally, the invest-
ments for distributed energy resources (DER) 
as well as for the grid expansion find consid-
eration in the CBAs with a broader scope. 

The most frequently applied costs are the 
costs for installing the meters, the costs for 
communication and IT infrastructure as well 
as investment costs and costs for hardware – 
these are considered in all studies but two. 
The costs for operation and maintenance 
also find a broad consideration, whereas the 
indirect costs, DER investments and grid 
expansion costs are taken into account less 
frequent. This can be easily explained due to 
the fact that only two studies had a Smart 
Grid scope – the last two parameters are 
parameters that apply for Smart Grids only. 

Benefits 

There are ten dominant benefit parameters 
throughout the analysed studies. Increased 
awareness and the possibility of time variable 
tariffs and demand side management lead to 
end energy savings. Another economization 
occurs in saved meter reading costs, since 
the intelligent meters are able to send the 
consumption data online to the metering 
point operator. Load shift to off-peak hours 
means  a  benefit  for  industry  stakeholders  
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Figure 22 Cost and Benefit Parameters (own graph) 

since they can reduce their peak capacity. 
Less outages through a better monitoring of 
the networks lead to less complaints and 
better customer service. Smart Meter and 
Smart Grids can further strengthen the mar-
ket mechanism; the increased  competition 
leads to a lower cost level and increases the 
amount of supplier switches. Another param-
eter is the environmental aspect of saving 
CO2 emissions or savings in the EU ETS. 

This is followed by saved call center costs, 
because it is assumed that customers do  
have less complaints or questions about their 
bills. Reduced network losses and less elec-
tricity theft is another benefit since the intro-
duction of smart metering allows to detect 
tapping. The promotion of a Smart Grid infra-
structure and the ease for an electric vehicle 

deployment can be classified as indirect ben-
efits. Finally, the macroeconomic effect of 

Cost and Benefit Parameters 

Benefits 

A
T

 P
W

C
 

N
L 

K
E

M
A
 

H
U

 

A
T

 K
E

A
R

N
Y
 

U
K

 D
E

C
C
 

N
L 

 

FR
O

N
T

IE
R
 

U
K

 E
N

SG
 

G
E

R
 K

E
M

A
 

G
E

R
 

 F
R

O
N

T
IE

R
 

A
T

 

C
A

P
G

E
M

IN
I 

D
K

  

E
n

e
rg

in
e

t 

Employment effects                     

SG infrastructure promotion / PHEV               
  

    

Electricity theft / reduction losses       

Saved call center costs                     

Less emissions / EU ETS savings                     

Market mechanism / lower cost level / 

supplier switch 
                    

Less outages / less complaints / better 

customer service 
                    

Load shift (peak/off-peak)                     

Saved meter reading costs                     

End energy savings                     

Grid expansion                     

DER investment*                     

Lost income / unsold electricity through 

behavioral change 
                    

O&M                     

Investment / hardware / capital cost                     

Communication & data infrastructure, IT / 

data security  
                  

Installation            

Costs 

A
T

 P
W

C
 

N
L 

K
E

M
A
 

H
U

 A
T

 

K
E

A
R

N
Y
 

U
K

 D
E

C
C
 

N
L 

FR
O

N
-

T
IE

R
 

U
K

 E
N

SG
 

G
E

R
 

K
E

M
A
 

G
E

R
 

FR
O

N
T

IE
R
 

C
A

P
G

E
M

-

IN
I 

D
K

 E
n

e
r-

gi
n

e
t 

* Distributed Energy Resources 



MES-Perspektiven 01/2012 

34 
 

how employment is impacted by a smart 
meter roll-out or a Smart Grid deployment 
finds consideration. 

 

The most considered benefit is the end 
energy savings. Only the Netherlands Fron-
tier study does not include this parameter 
since it only takes into account effects occur-
ring for the DSOs, but not for end consumers. 
The next main parameters are saved meter 
reading costs and benefits through load shift-
ing (taken into account in all but each three 
studies). Another two important categories 
(considered in more than half of the studies) 
are the reduction of outages, and the 
strengthening of the market mechanism 
through supplier switches. Less important 
seem to be the saved call centre costs, elec-
tricity theft/network losses, and reduced CO2 
emissions. Employment effects and the pro-
motion of a Smart Grid infrastructure are only 
considered once. The application of the 
emission reduction parameter as separate 
category is contested throughout the studies. 
In Kema’s opinion there will be no final reduc-
tion of CO2 emissions since the amount of 
emissions among the cap of the allowance 
trading system will be exploited anyways (cf. 
Kema 2009:66). DECC distinguishes be-
tween traded and non-traded CO2 emissions 
in order to give a precise quantification of the 
actual non-monetarized good (cf. DECC 
2011:74). DECC further argues that especial-
ly peak capacities of power plants are carbon 
intensive, and therefore not only the reduced 
final energy consumption but also load shift 
can lead to a further reduction in carbon 
emissions (cf. DECC 2011:40). However this 
bears the danger of double counting. 

Size of Costs and Benefits 

Figure 23 shows the amount of different cost 
and benefit parameters. Only five of the pre-
viously introduced CBAs were analysed in-
tensively since the others did not provide 
adequate data. The cells marked in green 
show the main cost or benefit item for the 
specific study. As expected the parameters 
vary widely if analysed in detail. In compari-
son to the attempt to aggregate the most 
important parameters in the previous section, 
the statement of the individual applied pa-
rameters offers a more detailed picture. 

Again, the costs for investment, hardware 
and capital costs are the main cost items (in 
four out of five studies). However, even 

though operation and maintenance costs 
were only considered by half of the studies in 
the first place (previous section), they be-
come a main cost item in the more detailed 
analysis of this section. Besides, the sheer 
numbers show how differently the parame-
ters are assessed throughout the studies. 
Whereas DECC calculates EUR 4.5bn for 
investment and hardware, the numbers for 
Denmark and Hungary level at EUR 282-
395mio. Even if considering the fact that UK 
has ten times more households (24.9mio) 
than Denmark (2.5mio) and Hungary 
(3.8mio), the estimated amount for hardware 
is still larger than ten times.84 Combined with 
the fact that some studies just do not calcu-
late O&M costs, even though they appear to 
be significant, this difference underlines 
doubts on robustness of these studies.  

Concerning the benefit items, there is 
one parameter that clearly leads the over-
view: end energy savings are the biggest 
benefit item in four out of five studies. No 
other benefit parameter comes close within 
the studies. They range from saved call cen-
tre costs, reduction in electricity theft, load 
shift effects, employment effects and addi-
tional supplier benefits. As mentioned before, 
the value of the benefit parameters vary sig-
nificantly between the different countries. 
Reasons for this are the different numbers of 
households, but also differences in the study 
designs that cannot be retraced. 

If the result of these analyses, which fo-
cused on Smart Meters, are transferred on 
the question of the establishment of Smart 
Grids, one main parameter needs to be in-
cluded: the costs for upgrading the grid infra-
structure. The benefits through load shift and 
end energy savings do already find consider-
ation.85 

 

                                                                 
84 Cf. URL WKO (Wirtschaftskammern Österreichs): 
Privathaushalte. Haushalte nach Haushaltstyp, Stand 
2005. 
85 The parameters are not transferable one to one from 
Smart Meters to Smart Grids, however on the cost side 
IT and software, investment and capital, O&M, grid 
expansion, industry set up and marketing as well as 
energy savings, load shift, less outages, market mecha-
nism, employment effects, savings on reserves and 
regulating power and less balancing energy on the 
benefit side are also applicable for Smart Grids. 
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Figure 23 Amounts of Costs and Benefits (own graph, based on ATK 2010, Energinet 2010, Kema 2010, PWC 
2010, DECC 2011) 

                                                                 

86 Figures averaged and summed up. 

87 Figures averaged (all scenarios, balanced roll-out), 1Ft=0,0038 EUR (March 2011). 

88 1British Pound=1,1344EUR (March 2011). 

89 1DKK=0,1341EUR (March 2011). 
90 The additional supplier benefits are inbound enquiries (EUR 1.195mio), customer service overheads (EUR 208mio), debt 
handling (EUR 1.219mio), avoided prepayment meter COS premium (EUR 1.124mio), remote (dis)connection (EUR 
277mio). This is EUR 4.023mio in total (exchange rate 1 British Pound = 1,1344 EUR, March 2011) (cf. DECC 2011:68). 

Study 
AT  

WC
86

 

NL  

KEMA 

HU 

ATK
87

 

UK  

DECC
88

 

DK  

ENERGINET
89

 

Costs in MEUR 

installation 257 "main cost item"   1.811   

communication & data infrastructure, IT, soft-

ware 107     2.062 40 

investment / hardware / capital costs 657 "main cost item" 395 4.543 282 

O&M, comms O&M 743   570 2.276   

lost income / unsold electricity (behav. change) 1.997         

grid expansion         550 

energy       829   

disposal       17   

pavement reading inefficiency       270   

industry set up       225   

marketing       96   

integrate early meters into DCC       74   

smart solutions/appliances         215 

facilities for ensuring system stability         228 

Total Costs 3.761 n.d. 966 12.203 1.314 

Benefits in MEUR 

end energy savings 2.771 1.470 1.700 5.216 188 

saved meter reading costs 229 500       

load shift (peak/off-peak) 203       590 

less outages/complaints, better service 144     170   

market mechanism / supplier switch 325 680   1.822   

saved call center costs 287 930       

electricity theft / reduced losses     954 766   

less emissions / EU ETS savings     163 1.216   

employment effects 397         

savings on reserves and regulating power         322 

less balancing energy 15         

personnel expenditure / avoided site visits 331     3.605   

improved forecast quality 8         

no monthly bills 130         

added value 76         

microgeneration       41   

add. supplier benefits
90

       4.023   

add. network benefits       216   

add. generation benefits       878   

Total Benefits 4.916 3.580 2.817 17.952 1.100 

Net effect 1.155 n.d. 1.852 5.749 -215 
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Figure 24 Effects of the Austrian CBA for Each Scenario (PWC 210:8). 

Distribution of Costs and Benefits among  
Market Actors 

The previous sections have shown that from 
a macroeconomic perspective the deploy-
ment of a Smart Grid can be worthwhile (cf. 
UK DECC). However, from a business eco-
nomic perspective it is interesting to find out 
which market actors have to bear the main-
costs in order to foster incentive regulations 
for the investment in Smart Grids. Figure 8 
(in Chapter 5.3) already gave a short over-
view of the distribution of the costs and bene-
fits among the different market actors. Out of 
the ten analysed, five of them explicitly un-
derline that consumers have the highest 
benefits from a Smart Meter / Smart Grid 
deployment (cf. Kema 2009, ATK 2010, 
Capgemini 2010, Kema 2010, PWC 2010).  

Figure 24 shows that in the PWC study for 

Austria the consumers’ benefits (black line) 
exceed their costs in all scenarios. The rea-

son lies in the fact that the only costs con-
sumers would have to bear in the present 
Austrian regulatory framework is the new 
installation of gas meters, which would 
amount to about EUR 13mio in every scenar-
io (cf. PWC 2010:54). Second, the grid oper-
ators’ costs (red line) exceed their benefits in 
all scenarios. This is because the grid opera-
tors are charged with the roll-out of the Smart 
Metering infrastructure, meaning they have to 
purchase and install the Smart Meters and 
they are responsible for operating and main-
taining them (cf. PWC 2010:57f) 

Compared with the results of the 
Capgemini study that was also delivered for 
the Austrian energy system, Figure 25 shows 
that again the consumers profit from a Smart 
Meter deployment. Even though the general 
evaluation of the studies  varied  so  widely - 

 
 

Figure 25 Net Present Values of a Smart Meter Roll-Out in Austria (Capgemini 2010:66). 
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Figure 26 Distribution of the Net Present Costs and Benefits in the Netherlands (Kema 2010:48) 
 

Figure 27 Net Present Value of the Costs and Benefits for a Smart Meter Roll-Out in Germany (Kema 2009: 
210) 
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Figure 28 Distribution – Overall NPV and Industrial NPV in the Hungarian Case (ATK 2010:72) 

PWC as one of the studies with a positive 
business case and Capgemini with a nega-
tive one – the distribution among the market 
actors remains the same in both studies. 
Figure 26 shows that two stakeholders may 
expect an overall benefit of the Smart Meter 
introduction: the consumers (households) 
and the metering companies, whereas the 
consumers’ gains exceed those of the meter-
ing companies by far. The main benefit items 
for households are energy savings and effi-
ciency improvements (cf. Kema 2010:48). 
The last column national government relates 
to losses in tax revenues and environment to 
the reduction in CO2 emissions (cf. Kema 
2010:48). Apparently the tax losses are so 
high that the positive environmental effect of 
saved CO2 cannot turn the overall outcome 
positive. As previously, the grid operator (re-
gional network operators) is charged with the 
Smart Meter roll-out, which explains the neg-
ative net present value (cf. Kema 2010:48). 
The CBA for Germany presents a similar 
picture (representative for all scenarios, Sce-
nario 1 will be analysed here, see Figure 27). 
Again, the consumers have the highest prof-
its by far – mainly through avoided energy 
costs and energy savings (cf. Kema 
2009:210). In the German study, the meter-
ing point operator (MSB) shoulders the costs 
for the smart metering infrastructure, which 
explains its negative NPV (cf. Kema 
2009:210). From that follows the unique 

characteristic of this CBA: the DSO (VNB) 
has a positive NPV since the incentive regu-
lation has the effect that even though the 
market volume declines, the revenues from 
the grid charges do not decrease in total (cf. 
Kema 2009:211). 

Finally, the Hungarian CBA concludes 
that consumers and the environment benefit 
from a Smart Meter deployment (see Figure 
28). In all scenarios, however, the highest 
benefit goes to industrial stakeholders. The 
main costs constitute investments and opera-
tional costs; they are not dedicated to specific 
market actors. Whereas the overall business 
cases are positive, the balance of industrial 
stakeholders shows a negative business 
case in two out of four scenarios. According-
ly, investments and operational costs have to 
be shouldered by part of the industrial stake-
holders who rest unspecified. 

5.4 Estimates about a Europe -wide  
Smart Grid 

Whereas the previous section focused on the 
costs and benefits of Smart Meters, this 
chapter is dealing with the cost and benefits 
of Smart Grids. The objective of this section 
is threefold. First, the investment costs for a 
Smart and Dumb Grid shall be compared, 
second the benefits resulting from the capaci-
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ty effect (reduced peak capacity) are valued, 
and third the benefits resulting from end en-
ergy savings are monetarized. Ultimately the 
benefits – that are only applicable in case of 
a Smart Grid – are compared with the in-
vestment costs to come to a general conclu-
sion about the deployment of a Smart Grid. 
The study’s hypothesis would be verified if 
the costs of a Dumb Grid exceed the costs of 
a Smart Grid. 
 

To this end eight studies are examined. 
They estimate the investment needs for the 
European grid infrastructure. The assess-
ment of the costs is based on these studies. 
Afterwards own calculations will follow to 
quantify the benefit effects.  

Costs for Infrastructure 

Figure 29 and Figure 30 give an overview 
of the eight estimates about the investment 
needs in the grid infrastructure. Even though 
the reports of Energynautics (2011) and 
Greenpeace (2009) generally envision a Eu-
ropean Smart Grid, the actual grid invest-
ments for integrating a high share of RES 
only focus on traditional transmission lines 
and interconnections. The EU 
(COM(2010)677/4) is the only source that 
considers a Smart Grid component; in the 
estimates of the EU the investment needs for 
an updated distribution grid, storage and 
Smart Grid (EUR 300 bn) exceed the invest-
ment needs for the transmission grid (EUR 
200 bn) (cf. COM(2010)677/4:9). 

The second weak point of the studies lies in 
the fact that four of them only take into ac-
count the investment needs for transmission 
grids, but do not quantify the investment  
needs for distribution grids. Only four studies 
estimate the costs for expanding the distribu-
tion grid – those from the EU (complemented 
by DB Research 2011), from dena (2005, 
2010) and from bdew studies (2011) for 
Germany.91 This is problematic for two rea-
sons. First, the transmission grid is already 
smart to a certain point since their manage-
ment happens automatically and remotely 
controlled operation of power plants is routine 

                                                                 

91 All studies available have been considered. 

– to make this possible large data are submit-
ted parallel to the electricity flow.92 

 
Second, the transmission lines in the EU 

consist of 300,000 km, whereas the distribu-
tion grid just in Germany has a length of 1,74 
mio km, which clearly shows that major in-
vestments remain necessary in the distribu-
tion grid (cf. ENTSO-E 2010:99).93This is also 
supported by SETIS, the Strategic Energy 
Technologies Information System of the Eu-
ropean Commission. They state that 25% of 
the needed investments will be spent for 
transmission and 75% for distribution net-
works (cf. SETIS 2011:2). However, accord-
ing to SETIS, the European transmission and 
distribution grid (high, medium and low volt-
age) together make up only 1,73 mio km (cf. 
SETIS 2011:4). This is an immense under-
estimation compared to the robust numbers 
available for Germany (1,74 mio km as men-
tioned above). It is very likely that the SETIS 
numbers do not include the local networks, 
but the immense gaps in available robust 
data shows the institutions’ uncertainty in this 
field. 

First, the four studies that take into ac-
count the investment needs in transmission 
grids will be examined (cf. Greenpeace 2009, 
ENTSO-E 2010, IEA 2010, Energynautics 
2011, see Figure 29). Greenpeace detects an 
infrastructure investment need of 22,472 km, 
half the estimates of ENTSO-E with 
42,100km. ENTSO-E therewith suggests 
newly building or modernizing 14% of the 
existing grid. Energynautics gives only num- 
bers for its Base Scenario, which already 
includes a grid of over 62,000km. Compared 
to Greenpeace, which suggests that 7,5% of 
the existing lines need to be rebuilt or up-
graded, Energynautics indicates a threefold 
investment in grid infrastructure of 20,6%.94 
The IEA gives only very rough estimates and 
does not explicitly number the length of the 
new or updated transmission lines. 

 

                                                                 

92 Cf. URL E.ON: Smart Grids und das Netz denkt mit. 
Intelligente Netze bei E.ON, URL RWE (2011): Smart 
Grids – Hype or heute schon Realität? 

93 Cf. URL BDEW (2010): Deutsches Stromnetz ist 1,78 
Millionen Kilometer lang. 

94 ENTSO-E electricity grid (EU transmission grid only) 
consists of 300 000km (cf. ENTSO-E 2010:9). 
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Figure 29 Investment Costs for Transmission Grid Infrastructure with High RES Integration (own graph, 
based on Greenpeace 2009, ENTSO-E 2010, IEA 2010, Energynautics 2011)  

The World Energy Outlook (WEO) offers two different numbers. In this table the integration costs of variable RES in the 
New Policies Scenario are taken into account (cf. IEA 2010:326). They amount to USD 13.3bn, resp. EUR 9.4bn. The 
WEO also gives estimates for general investment needs in the power infrastructure until 2035. Here, the investments for 
the EU in transmission and distribution amount to USD 875bn (resp. EUR 616bn, cf. IEA 2010:228). Even though this 
number would match much better with the EU estimates of EUR 500bn, Figure 29 relies on the first number that explicit-
ly considers the integration costs of variable renewables. This Master thesis is generally based on the findings of WEO 
2010 since the WEO 2011 was published after the thesis was first submitted. The WEO 2011 presents new numbers for 
investment costs in transmission and distribution infrastructure. Accordingly, the entire investment needs in transmission 
and distribution infrastructure between 2011 and 2035 in the New Policies Scenario amount to EUR 571bn within the 
EU, which is EUR 23,8bn p.a. Interestingly, the share of investment needs for the integration of RES within these costs 
constitute only EUR 34bn, which is 5,9% of the overall need and EUR 1,4bn p.a. More precisely, the overall transmission 
investment need in the EU is EUR 113bn, with RES integration accounting for EUR 28bn; the investment need in distri-
bution infrastructure consists of EUR 459bn with only EUR 5,7bn accounting for RES integration (exchange rate 1 EUR 
= 1,415 USD) (cf. IEA 2011:199). 

 

                                                                 
95  
 
 
 
 
 
 
 
 
 
 
 
 

 

Transmission Grid 

Greenpeace 24/7 

Grid expansion km bn EUR 

34 HVAC interconnections 5,347 3 

17 HVDC interconnections 5,125 16 

11 HVDC supergrid connections (EU) 6,000 100 

4 HVDC supergrid connections (EU+Africa) 5500-6000 90 

TOTAL Investments (2010-2050) 22,472 209 

Investments p.a. 5.2 

% of existing lines 7.5% 

  

Energynautics  

Grid expansion (new and upgrade) km bn EUR 

EU Base Scenario 2030 62,156 50-70 

EU 2030+ n.d. add 19-58 

EU 2050 with imports n.d. add 458-544 

EU 2050 w/o imports n.d. add 74-79 

TOTAL Investments (2010-2050) n.d. 124-672 

Investment p.a. 4.4-16.8 

% of existing lines (minimum) 20.6% 

  

ENTSO-E TYNDP 2010-2020 

Grid expansion (new and upgrade) km bn EUR 

AC 325,000 23-28 (2010-2015) 

30-36 (2015-2020) DC 9,600 

TOTAL investments (2010-2020) 42,100 53-64 

Investments p.a. 5.3-6.4 

% of existing lines (minimum) 14% 

  

IEA WEO 20195 

Grid expansion km bn EUR 

Interconnection costs n.d. 5.3 

Balancing costs n.d. 1.8 

Capacity adequacy costs n.d. 2.3 

TOTAL investments (2010-2035) n.d. 9.4 

Investments p.a.   0.4 
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Figure 30 Investment Costs for Transmission and Distribution Grid Infrastructure with High RES Integration (own 
graph, based on dena 2005, dena 2010, COM(2010)677/4, bdew 2011, DB Research 2011). 

 

 

      The number of annual investment costs 
range between EUR 400mio in the IEA esti-
mates and EUR 16.8bn (maximum) in the 
Energynautics scenario. ENTSO-E and 
Greenpeace present similar projections with 
annual investment needs of EUR 5.2 bn to 
EUR 6.4 bn. An important consideration 
when comparing the annual costs is that 
ENTSO-E calculates within the next decade, 
the IEA until 2035 and both Energynautics 
and Greenpeace until 2050. In consequence 
it can be supposed that after the investments 
ENSTO-E foresees, the benefits of a Smart 
Grid already begin to have positive effects in 
the near (for a rough estimation of the bene-
fits, see Chapter 5.4.2 and 5.4.3). According-
ly, the total investment costs amount to EUR 
209 bn and EUR 124-672 bn in the case of 
Greenpeace and Energynautics, but only to 
EUR 53-64 bn in the ENTSO-E scenario.A 
study for the German market calculates that 
at a minimum 195,350km of distribution net-
works need to be modernized or newly built 
within the next decade for adapting the grid 
to a high share of RES. As a comparison 
thereto, only 4,450km of German transmis-
sion grids need to be updated (alternative 
with the lowest costs). Entirely, this repre-

sents 11-22% of the German electricity net-
work (see Figure 30). The annual investment 
costs for the entire German grid level be-
tween EUR 2.1bn to EUR 4.5bn depending 
on the different alternatives regarding tech-
nologies and the amount of RES that has to 
be fed-in. In comparison to that, the invest-
ments in grid infrastructure in Germany made 
up EUR 3.5bn in 2010 (cf. bdew 2010:29). 
This number shows that the investments for 
integrating a high share of RES would not 
overstrain common standards.  

Figure 30 illustrates those studies that 
consider the investment needs for transmis-
sion and distribution grids. The results of the 
EU (2010) and DB Research (2011) as well 
as the studies of dena (2005,2010) and bdew 
(2011) will be considered each as a pair, 
because their data is complementary. Even 
though the estimates of the EU are very 
rough and cannot be retraced, only they con-
sider the investment costs for transmission 
grids as well as for distribution grids and a 
Smart Grid component. 

 

 

Transmission and Distribution Grid 

EU COM(2010)677/4 and DB Research 

Grid expansion km bn EUR

transmission networks 

45,000

n.d.

200

electricity & gas distribution, storage and SG 300-400

TOTAL investments (2010-2020) 500

Investments p.a. 50

 % of existing lines 15%

                                                                 
96 Scenario 1 depends on the German Federal Energy Concept 2050, Scenario 2 depends on a Scenario (Leitszenario 
2010) of the German Federal Ministry of Environment. 

dena I & II / bdew for (Germany only) 

Grid expansion km bn EUR

dena I (by 2015, transmission grid) 850 1,1

dena II (by 2020, transmission grid, overhead line) 3,600 9.7

dena II (by 2020, transmission grid, high temperature conductors) 1,700 17

bdew Scenario 1 (conservative, distribution grid)96 195,350 10-13

bdew Scenario 2 (ambitious, distribution grid) 380,650 21-27

TOTAL investments (2010-2020)
Investments p.a.

% of existing lines (minimum)

197,900-385,100 20.8-45.1

2.1-4.5

11.1-21.6
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Figure 31 Comparison of Annual Infrastructure Investment Costs (own graph, based on dena 2005/2010, 
Greenpeace 2009, COM(2010)677/4, ENTSO-E 2010, IEA 2010, bdew 2011, Energynautics 2011). 

The EU exceeds the other estimates by 
far – the investment costs amount to EUR 
500 bn during the next.decade.97 The EU 
states that EUR 100 bn will need to be cov-
ered by the market by 2020 (cf. COM(2010) 
677/4:9). Thereby EUR 20bn p.a. are com-
puted for the transmission grid and EUR 
30bn p.a. for distribution, storage, and Smart 
Grids. The EU does not provide any infor-
mation on how many kilometres of lines need 
to be modernized or newly built compared to 
the existing grid. But a recent study of 
Deutsche Bank Research cites EU Commis-
sion numbers whereas 45,000km of trans-
mission lines have to be built or modernized 
– accounting for 15% of the existing trans-
mission grid (cf. DB Research 2011:1).98  

A study for the German market calculates 
that at a minimum 195,350km of distribution 

                                                                 

97 Unfortunately these figures cannot be retraced to 
make them more robust since they are confronted with 
another EU institution’s statement whereupon “EU Mem-
ber States will need to spend at least €400-450 billion in 
network infrastructures over the next three decades” 
(SETIS 2011:2). This equals reduced investment needs 
of EUR 50bn to EUR 100bn and at the same time the 
applied time horizon is not ten but 30 years. 

98 As already mentioned there is no further information 
available on the investment needs for distribution grids 
all over Europe. 

networks need to be modernized or newly 
built within the next decade for adapting the 
grid to a high share of RES. As a comparison 
thereto, only 4,450km of German transmis-
sion grids need to be updated (alternative 
with the lowest costs). In sum, this represents 
11-22% of the German electricity network 
(see Figure 30). The annual investment costs 
for the entire German grid level between 
EUR 2.1 bn to EUR 4.5 bn depending on the 
different alternatives regarding technologies 
and the amount of RES that has to be fed-in. 
In comparison to that, the investments in grid 
infrastructure in Germany made up EUR 3.5 
bn in 2010 (cf. bdew 2010:29). This number 
shows that the investments for integrating a 
high share of RES would not overstretch 
common standards.  

Figure 31 compares the annual invest-
ment costs. Obviously, they vary widely from 
EUR 400mio p.a. (IEA) to EUR 50 bn p.a. 
(EU). This graph further shows that annual 
costs are significantly lower if prospected for 
a longer time period. There are two different 
conclusions for the EU, dena/bdew and EN-
TSO-E numbers. On one hand, one could 
argue that after a heavy investment period of 
only one decade, benefits of a then estab-
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lished Smart Grid could arise as of 2020. On 
the other hand, this graph also shows that 
there exist only two profound long-term in-
vestment analyses so far. Taking into ac-
count that the investments should happen 
from now on, the sparseness of the available 
data is surprising. So far none of the anal-
yses outline a more detailed picture, taking 
into account both investment needs and ben-
efits until 2050. This leads to the conclusion 
that the economic perspective of a European 
Smart Grid is still under-researched. In addi-
tion to that, only bdew, dena, Energynautics, 
ENTSO-E, and Greenpeace allow retracing 
the emergence of the costs. But those institu-
tions, which are normally opinion and 
knowledge leaders – namely the EU and IEA 
–, seem to lack robust analyses. They do not 
present any detailed numbers or calculations, 
but only publish the before mentioned rough 
estimates. Finally, only two of six analyses 
include the distribution grid, even though the 
expansion and upgrading needs seem to be 
most important for exactly this grid. Regard-
ing this study’s hypothesis whereupon the 
costs of a Dumb Grid exceed the costs of a 
Smart Grid, this section allows drawing first 
conclusions. The narrow data basis shows 
that investment costs increase noticeably if 
Smart Grids are included (see EU, 
COM(2010)677/4). However, these estimates 
do not take into account the benefits that 
arise from a then established Smart Grid. 
Therefore this analysis can lead us to the 
conclusion that the costs for a Smart Grid are 
higher within the first years but then fall sig-
nificantly below the costs for a Dumb Grid. 
Therefore it would be even more important to 
commission studies that have a time horizon 
until 2065, or at least until the next “regular” 
investment cycle – which occurs every 40 
years according to the average lifecycle of 
electricity grids.99 

Benefit I: Capacity Effect 

The first of two main benefits of a European 
Smart Grid is the so-called capacity effect. It 
quantifies the peak load capacity that can be 
saved within the EU if 2,5%-7,5% of peak 
load is saved through load shifting to off-peak 
times and intelligent distribution of electricity 
flows. The determination of the sensitivities 

                                                                 

99 Cf. URL BDEW: Eine sichere Stromversorgung in 
Deutschland. 

follows the assumptions of the PWC study, 
which estimates that load shift can affect 
2,5% of peak demand, as well as the as-
sumptions of Frontier who suggests a higher 
percentage of 6,5% (PWC 2010:26, Frontier 
2011b:21).  
 

A capacity effect of 2,5%-7,5% corre-
sponds to 13GW – 39GW.100 This saved peak 
load capacity will be given a monetary value 
by converting it into avoided power plant 
investments. In general, the avoided costs 
combines the avoided fixed and variable 
costs of a power plant. The following calcula-
tion will only take into account the fixed costs 
in order to avoid double counting, because 
the variable costs (including fuel prices) are 
partially already factored in the second bene-
fit analysis – the energy savings aspect. 
Fixed costs are assumed at EUR 56 
mio/GW*a for OCGT and EUR 90 mio/GW*a 
for CCGT.101 The fix costs per annum (capital 
cost, personnel, O&M per installed capacity) 
are extrapolated to 13-39GW of saved peak 
load capacity. Thereby, different sensitivities 
in the mixture of the power plants in the merit 
order are assumed. It varies from 75% CCGT 
and 25% OCGT and vice versa (see Figure 
32). The result gives the value of the saved 
capacity per year. Figure 32 shows the sensi-
tivities for the saved peak load through Smart 
Grids, as well as the possible distributions of 
saved peak loads on OCGT and CCGT. The 
calculation shows that the capacity effect for 
the EU 27+2 varies between EUR 944mio 
and EUR3.2bn. A robust average seems to 
result of average savings assumptions (5%) 
and a distribution of ¼ OCGT and ¾ CCGT, 
which would amount to EUR 2.1 bn of avoid-
ed costs. 

Benefit II: Energy Effect 

The objective of the second benefit item is to 
quantify the assumption that consumers can 
globally save a certain amount of electricity 
through the deployment of Smart Grids com-
bined with Smart Metering. As in the previous 
calculations, the sensitivities range from 
2,5% to 7,5%. The definition of the sensitivity 
ranges was orientated at the previously ana-
lysed CBAs. The PWC  study  assumes  that 

                                                                 

100 EU27+2 Peak Load: 517GW, see Annex Table 1 
Peak Loads in the EU. 
 
101 Data provided by a European energy supplier. 
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Figure 32 Capacity Effect (Load Shift Aspect) (own graph) 

Reduction of Peakload Capacity 
Peak Load EU27+2 (in GW)* 

517   

Reduction of Peakload Capacity Sensitivities 

2.5% 5% 7.5% 

Saved Peakload (in GW) 
12.9 25.9 38.8 

Distribution of Saved Peakload per Rata (OCGT and CCGT) 

1/4 OCGT (in GW) 
3.2 6.5 

9.7

3/4 CCGT (in GW) 
9.7 19.4 

29.1

1/2 OCGT (in GW) 
6.5 12.9 

19.4

1/2 CCGT (in GW) 
6.5 12.9 

19.4

1/3 OCGT (in GW) 
4.3 8.6 

12.9

2/3 CCGT ( in GW) 
8.6 17.2 

25.9

Fix Costs OCGT CCGT 

 

 

Fix Costs (in MioEUR/GW*a)** 
56 90 

  

 

Saved Fix Costs pro Rata (in MEUR) (Fix Costs GT/CCGT * Saved Peakload GT/CCGT)  

Sensitivities 
2.5% 5% 

7.5%

  

1/4 OCGT (in GW) 181 362 543

3/4 CCGT (in GW) 872 1,745 2,617

Total Saved Fix Costs (in MEUR)  1,053 2,107 3,160

 1/2 OCGT (in GW) 362 724 1,086

1/2 CCGT (in GW) 582 1,163 1,745

Total Saved Fix Costs (in MEUR) 944 1,887 2,831

 1/3 OCGT (in GW) 241 483 724

2/3 CCGT (in GW) 776 1,551 2,327

Total Saved Fix Costs (in MEUR) 1,017 2,034 3,050

  
* own calculation see Annex Table 1 Peak Loads in the EU 
** Data provided by a European energy supplier 

 
 

3,5% end energy can be saved through 
Smart Metering, while the German Kema 
study suggests 5% of possible end energy 
savings (cf. PWC 2010:13, Kema 2009:12) 
The amount of saved electricity (2,5-7,5% of 
the European electricity consumption in TWh) 
is multiplied with the specific electricity prices 
of the EU member states. The result reflects 
the value of the saved electricity. For the 
households the value will be even higher 
since the consumer additionally has to pay a 

value added tax. Plus, this calculation only 
includes households, but not other sectors of 
the economy. Thereby, 5% savings of the 
households’ electricity consumption in the 
EU27+2 make up 43 TWh, whereas the  
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http://www.eds-destatis.de/de/downloads/sif/qa_10_046.pdf 

http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/main_tables 
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Country 

Electricity 
Prices for 

Private 
Households 
(first term 
2010)

102
 

Electricity Consumption Households (2008)*  
Savings in MEUR Electricity Price 

(EUR/TWh)
103

  
 5% El. Consumption (TWh) 

  
Sensitivities Sensitivities 

in 

EUR/kWh TWh 

2,5% sav-

ings in TWh 

5% savings 

in TWh 

7,5% sav-

ings in TWh 

2,5% con-

sumption 

reduction 

5% con-

sumption 

reduction 

7,5% con-

sumption 

reduction 

Austria 0.20 16.97 0.42 0.85 1.27 85 170 25 

Belgium 0.20 19.98 0.50 1.00 1.50 100 200 300 

Bulgaria 0.08 10.03 0.25 0.50 0.75 20 40 60 

Cyprus 0.19 1.69 0.04 0.08 0.13 8 16 24 

Czech Rep. 0.13 14.70 0.37 0.74 1.10 48 96 143 

Denmark 0.27 10.33 0.26 0.52 0.77 70 139 209 

Estonia 0.10 1.85 0.05 0.09 0.14 5 9 14 

Finland 0.13 21.17 0.53 1.06 1.59 69 138 206 

France 0.13 155.62 3.89 7.78 11.67 506 1,012 1,517 

Germany 0.24 139.51 3.49 6.98 10.46 837 1,674 2,511 

Greece 0.12 18.13 0.45 0.91 1.36 54 109 163 

Hungary 0.17 11.46 0.29 0.57 0.86 49 97 146 

Ireland 0.18 8.53 0.21 0.43 0.64 38 77 115 

Italia 0.20 68.39 1.71 3.42 5.13 342 684 1,026 

Latvia 0.10 2.04 0.05 0.10 0.15 5 10 15 

Lithuania 0.12 2.71 0.07 0.14 0.20 8 16 24 

Luxemburg 0.17 0.76 0.02 0.04 0.06 3 6 10 

Malta 0.15 0.66 0.02 0.03 0.05 2 5 7 

Netherlands 0.17 24.80 0.62 1.24 1.86 105 211 316 

Norway 0.20 34.51 0.86 1.73 2.59 173 345 518 

Poland 0.13 27.11 0.68 1.36 2.03 88 176 264 

Portugal 0.16 13.45 0.34 0.67 1.01 54 108 161 

Romania 0.10 10.40 0.26 0.52 0.78 26 52 78 

Slovakia 0.15 4.54 0.11 0.23 0.34 17 34 51 

Slovenia 0.14 3.19 0.08 0.16 0.24 11 22 33 

Spain 0.17 72.04 1.80 3.60 5.40 306 612 919 

Sweden 0.18 38.93 0.97 1.95 2.92 175 350 526 

Switzerland 0.09 17.90 0.45 0.90 1.34 40 81 121 

UK 0.14 117.86 2.95 5.89 8.84 413 825 1.238 

EU27 0.17 816.85 20.42 40.84 61.26 3,444 6,889 10,333 

EU27+2 0.16 869.26 21.73 43.46 65.19 3,657 7,314 10,971 

Figure 33 Energy Effect (Energy Saving Aspects) (own graph). 
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number doubles to 87 TWh if electricity con-
sumption of services is included in the calcu-
lation. Consequently the results constitute a 
minimum of possible savings. They range 
from EUR 3.4 bn to EUR 11 bn (see Figure 
33). 

In sum, the benefits of a European Smart 
Grid level range from EUR 4.3 bn and EUR 
14.1 bn p.a, for the EU27+2 for both the ca-
pacity and the energy effect. A robust aver-
age value will be EUR 9.4 bn. Again, these 
are conservative estimates, not taking into 
account variable costs in the capacity effect 
to avoid double counting and only including 
the saving aspect of households and not 
services or industries. 

6. Summary and Policy  
Recommendations 

Main research results 

The empiric analysis and the comparison of 
different national CBAs allow drawing a much 
more detailed picture about the quantitative 
effects of a European Smart Grid. 

In a first step ten national cost-benefit-
analyses that either evaluated a Smart Meter 
roll-out or a Smart Grid deployment were 
examined. Four out of ten studies had a posi-
tive business case, though, with their scope 
limited to a Smart Meter roll-out. Two studies 
had a negative business case, one of which 
included Smart Grid estimating the NPV as 
more negative if a dumb solution would be 
considered (about EUR 818mio (cf. Energinet 
2009:16). The remaining four studies had a 
varying business case depending on different 
scenarios applied throughout the CBA. Here 
three studies focused on Smart Meters and 
one on the establishment of a Smart Grid. 
Overall, the NPVs ranged from EUR +5.8 bn 
(UK DECC) to EUR -2.5 bn (AT Capgemini).  

This first assessment highlights that the 
outcomes of the studies vary greatly. The 
underlying reasons were analysed in the 
subsequent sections. It was demonstrated 
that the study designs (scope, applied cost 
and benefit parameters), the scenarios and 
the reviewed market actors differed signifi-
cantly. Further, it was shown that intermedi-
ate results were often subject to interpreta-

tion which considerably influenced an either 
positive or negative final assessment even 
though intermediate results were the roughly 
similar (see Chapter 5.3).  

In a more detailed next step the analysis 
concentrated on detecting the main cost and 
benefit parameters that were applied 
throughout the CBAs. The main cost parame-
ters were installation costs for the Smart Me-
ters, the costs for IT, data infrastructure and 
communication as well as third the invest-
ment and hardware costs. Each of these was 
considered in eight out of ten studies. The 
main benefit items were end energy savings 
(nine of ten studies), saved meter reading 
costs (seven studies) and benefits through 
load shift (seven studies). Only one study 
also took into account macroeconomic ef-
fects like employment effects (cf. AT PWC 
2010:12). None of the studies included infra-
structure costs for modernizing and expand-
ing the electricity grid to adapt it to a high 
share of RES, a parameter which would be 
interesting to research since the expanding of 
RES was an underlying basis in all reviewed 
national policies (see Chapter 4.2.2).  

Beyond that, the parameters that were 
most considered also had the highest mone-
tary amount: investment and hardware costs 
constitute the main cost item in four out of 
five studies, while similarly the end energy 
savings are the main benefit item in four out 
of five studies. The maximum results reach 
investment, hardware and capital costs of 
EUR 4.5 bn and benefits through end energy 
savings in the amount of EUR 5.2 bn (both 
numbers UK DECC which had twice the 
highest amount, cf. Figure 22). 

In a final step the distribution among mar-
ket actors was analysed. Five out of the ten 
studies that were analysed intensively 
throughout this study explicitly underlined 
that consumers have most to gain from a 
Smart Meter / Smart Grid deployment (cf. 
Kema 2009, ATK 2010, Capgemini 2010, 
Kema 2010, PWC 2010). Depending on the 
different designs of the reviewed market ac-
tors it is either the grid operator, a newly cre-
ated Smart Meter operator or the metering 
point operator (MPO) who has to shoulder 
the highest costs. Consequently, incentive 
regulation by national governments or by the 
European Union has to step in here. Only 
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then a positive effect for the overall economy 
can be shifted to the business economic lev-
el.  

The second part of the analysis then fo-
cused explicitly on quantifying the economic 
effects of a Smart Grid. First, the investment 
needs for an electricity grid being able to 
feed-in a high share of RES were analysed 
for the European level. Here, eight studies 
were subject to the analysis. Four of them 
focused only on the transmission grid 
(Greenpeace 2009, ENTSO-E 2010, IEA 
2010, Energynautics 2011) and the other four 
also included the investments for expanding 
and upgrading the distribution grid 
(COM(2010)677/4, dena 2005/2010, bdew 
2011, DB Research 2011). This distinction is 
important for two reasons, as the quantifica-
tion of the investment needs for the distribu-
tion grid is more important and interesting 
than those for the transmission. First, the 
transmission grid is already smart to a certain 
point; secondly the distribution grid has a 
much greater length than the transmission 
grid (see discussion Chapter 5.4.1). For the 
German electricity grids this equals 1.74 mio 
km of distribution lines in comparison to 
35,708 km extra-high voltage transmission 
lines.104 Even more surprising are the latest 
estimations of the EU Commission about the 
length of the European transmission and 
distribution grid of 1.73mio km – a number 
strongly implying that the local level was not 
included (cf. SETIS 2011:4). This fact shows 
once again the need more fundamental re-
search. The same can be detected if looking 
at which percentage the existing grid is 
deemed to be in need of updating or con-
struction from the ground up: the numbers 
vary from 7,5% (Greenpeace 2009) to 20,6% 
(Energynautics 2011) for the transmission 
grid, while the studies that consider both grid 
levels estimate that 15% of the existing grid 
has to be invested in (EU 2010). 

The annual infrastructure investment 
costs for the next decade vary from EUR 6 
bn p.a. (ENTSO-E, dumb solution consider-
ing transmission grid only) to EUR 50 bn p.a. 
(EU Commission, including smart solution 
and distribution grid). Only one study (EU) 
clearly is based on a smart solution, the oth-

                                                                 

104 Cf. URL bdew (2011): Deutsches Stromnetz ist 1,78 
Millionen Kilometer lang. 

ers – as far as the calculations can be re-
traced – only take into account expanding the 
existing grid without quantifying extra param-
eters for smartening it. Greenpeace, who 
advocates a Smart Grid, only integrates 
HVAC and HVDC interconnectors into its 
calculations without any explicit smart solu-
tion tools. The investment need then levels at 
EUR 5.2 bn p.a. for 2010-2050. For the same 
time horizon and solution Energynautics es-
timates the investment needs of EUR 10 bn 
p.a on average. A more deviating result 
comes from IEA’s World Energy Outlook 
2010, which estimates only EUR 400 mio p.a. 
as investment needs for the EU from 2010 
until 2035.105 Detailed and robust studies are 
only available for the German energy sector. 
They examine both the transmission (dena 
2005, 2010) and distribution grid (bdew 
2011). According to these studies, the aver-
age infrastructure investment need into the 
German electricity grid amounts to EUR 3.3 
bn p.a. (2010-2020).  

One explanation for the great differences 
in the estimates about the infrastructure in-
vestment needs lays in the different time 
horizons of either a ten or forty year invest-
ment period; and whether the distribution grid 
was included or not. However, as in the na-
tional CBAs, the great variation in the de-
signs of the studies shows how uninvestigat-
ed this field still is. Some investments were 
prospected to start in 2010, but until now 
academics and economists still pursue basic 
and very vague research about future in-
vestment needs. Generally, the results of the 
EU Commission seem to be overestimated in 
comparison to other studies such as ENTSO-
E., but the EU figures are the only ones that 
include a smart component and both the 
transmission and distribution grid. In addition, 
investments would need to be finished by 
2020 so that benefits theoretically could oc-
cur as of 2021. This scenario thus would 
have an advance of 30 years for amortizing 

                                                                 

105 The World Energy Outlook (WEO) offers two different 
numbers. The analysis refers to the integration costs of 
variable RES in the New Policies Scenario of USD 13.3 
bn, resp. EUR 9.4bn (cf. IEA 2010:326). The WEO also 
gives estimates for general investment needs in the 
power infrastructure until 2035. Here, the investments for 
the EU in transmission and distribution amount to USD 
875 bn (resp. EUR 616 bn, cf. IEA 2010:228). The anal-
ysis however referred to the explicit integration costs of 
variable RES. 
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before the prospected investments of Green-
peace and Energynautics would end. 

Secondly, own rough estimates were 
made about the two main benefit categories 
of a European Smart Grid, which are the 
capacity effect and the energy effect. The 
first takes into account the shifting of peak 
load demand to off-peak hours, the latter 
considers the possible savings of households 
through smart metering. Each effect was 
calculated with a sensitivity range from 2,5%-
7,5%. The result are possible benefits 
amounting to EUR 944 mio106 to EUR 3.2 
bn107 for the capacity effect and to EUR 3.7 
bn108 to EUR 11 bn109 for the energy effect. 

Finally, leads to the following overall con-
clusion: For conservative estimates (sensitivi-
ty for both effects at 5%) a Smart Grid deliv-
ers a positive annual effect of EUR 9.4 bn.110 
If this benefit is combined with the previously 
assessed infrastructure costs of EUR 50 bn 
p.a. (scenario EU Commission) for the next 
decade, which makes overall costs of EUR 
500 bn these costs will be amortized after 53 
years. The Greenpeace scenario with EUR 
209 bn overall costs would be amortized after 
22 years. Traditionally, the investments for 
electricity networks happen in cycles accord-
ing to the average lifecycle of electricity grids 
of about 40 years.111 

Policy Recommendations 

The review of the existing national and Euro-
pean policies showed clearly that there is a 
general will to act. However none of the na-
tional policies lay down a clear timetable and 
finance plan for establishing a Smart Grid. 
There exist ambitious sustainability strategies 
such as the Danish Energy Strategy 2050 

                                                                 

106 Sensitivity 2,5% with a mix of ½ OCGT and ½ CCGT 
(see Figure 32). 

107 Sensitivity 7,5% with a mix of ¼ OCGT and ¾ CCGT 
(see Figure 32). 

108 Sensitivity 2,5% (see Figure 33). 

109 Sensitivity 7,5% (see Figure 33). 

110 Capacity effect amounts to EUR 2.1bn (sensitivity 5% 
with a mix of ¼ OCGT and ¾ CCGT, see Figure 32), 
energy effect amounts to EUR 7.3bn (sensitivity 5%, see 
Figure 33). 

111 Cf. URL BDEW: Eine sichere Stromversorgung in 
Deutschland. 

that wants Denmark to be independent from 
fossil fuels by 2050 or the British attempt to 
reduce GHG emissions by 50% in the period 
2035-2027 (compared to 1990levels) (cf. 
Kemin 2011:5)112. The UK also declared its 
intention to install 53 mio Smart Meters be-
tween 2014 and 2019 and its Department of 
Energy and Climate Change is currently 
working on a framework for Smart Grid 
standards.113 Likewise, Germany is working 
on creating the legal basis for Smart Meters 
and Smart Grids (cf. BMU 2010:19). But 
none of the usual European forerunners has 
a distinct Smart Grid strategy so far. The only 
country that has a clear strategy is Hungary 
with a precise timetable on how and when to 
roll-out Smart Meters and Smart Grids, which 
both shall occur as of 2014 (cf. HU Energy 
Office 2011:29).  

Looking at the European level, it be-
comes evident that the European institutions 
so far adopted a lot of different communica-
tions and strategies that aim at fostering a 
low-carbon future and also a Smart Grid (see 
Chapter 4.2.1). The Energy infrastructure 
priorities for 2020 and beyond take into ac-
count that EUR 1trn has to be invested in the 
energy system within the next decade – in-
cluding into smart distribution and transmis-
sion grids (cf. COM(2010)677/4:9). However, 
so far there is no regulation or directive that 
legally binds the member states. A reason for 
that lies also in the fact that although the 
Lisbon Treaty proposes a common Energy 
Policy, the core competencies regarding en-
ergy (national energy mix, e.g.) are still in the 
hands of the member states (cf. TFEU, Art. 
194). Nonetheless, the EU is empowered to 
“promote the interconnection of energy net-
works” and therewith enforce the establish-
ment of a Smart Grid (cf. TFEU, Art. 194 
lit.d). On the basis of the empiric analysis and 
the state of policies the following policy rec-
ommendations are derived: 

 

                                                                 

112 Cf. URL DECC (2011): Fourth Carbon Budget: Oral 
Ministerial Statement by Chris Hune – 17 May 2011. 

113 Cf. URL DECC (2011): DECC lays foundations for 
smart meters rollout (Press notice)., cf. URL DECC: 
Future Electricity Networks. Networks Strategy and 
Regulation. 
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Figure 34 Opportunity Benefit for Smart Grids in the Long Run (own graph) 
 

1) A Community Smart Grid Act (legally 
binding EU regulation or directive) 
with a clear timetable and finance 
plan how to realize a European 
Smart Grid.  

2) A clear allocation of roles that regu-
lates who is charged with the Smart 
Meter roll-out and who supervises the 
Smart Meter and Smart Grid deploy-
ment on a national and European 
level. 

3) Providing more efficient permitting 
procedures. At the moment, the aver-
age time from planning until final 
commissioning a power line within the 
EU is more than ten years (cf. 
COM(2010)677/4:8). This “long and 
uncertain” procedure is seen as the 
main reason for delays in infrastruc-
ture projects (ibid.). The delays in 
electricity infrastructure projects cur-
rently prevent about 50% of “com-
mercially viable projects” from being 
realized until 2020 (ibid.). This pro-
cess should also include how to cope 
with public resistance.  

4) Guaranteeing investment security for 
the energy sector through planning 
security as well as economically rea-
sonable rate of returns and cost re-
covery. Eurelectric claims that only 
Finland, Italy, Sweden, and Slovenia 

guarantee cost recovery so far (cf. 
Eurelectric 2011a:23). 

 

Final Conclusion and Outlook 

The analysis finally returns to the study’s 
research questions. The first question aimed 
at whether the establishment of a European 
Smart Grid would be worthwhile. The analy-
sis has shown that on the contrary to a Dumb 
Grid for a long-term perspective a Smart Grid 
will pay off by EUR 9.4bn annual benefits 
(conservative estimates). If taking the most 
expensive infrastructure scenario the invest-
ments will pay-off after about 50 years. Even 
though the investment cycles in the energy 
economics happens approximately every 40 
years, new investments will be necessary 
before the first investments have paid off, but 
future investments needs will also decline 
since the major effort is the establishment of 
the Smart Grid whereas the margin for bene-
fits is not exhausted yet.  

The second research question focused 
on the distribution of costs and benefits 
among market actors. Here it became evi-
dent that consumers gain the most whereas 
grid operator (resp. MPO / Smart Meter Op-
erator) have to shoulder the highest costs 
since they are charged with a Smart Meter 
roll-out or the grid expansion. This means 
that incentive regulation has to set in here. 
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The opportunity benefits for a Smart Grid 
compared to a Dumb Grid that is also 
adapted to a high share of RES was to the 
focus of research question number three. 
Since no adequate data is available so far 
the question cannot be answered in terms of 
a distinct amount of EUR, but the analysis 
showed that there would be an opportunity 
benefit in a long-term perspective. The anal-
ysis implies that the costs for a Smart Grid 
solution are higher within a first investment 
period than the costs for a dumb solution – 
the main reasons for this are that the bidirec-
tional communication has to be set up once, 
and the Smart Metering infrastructure has to 
be rolled-out once, too. However, a Dumb 
Grid will not deliver the benefits a Smart Grid 
will – on the contrary the investments for a 
Dumb Grid will increase in the long run as 
much more transmission lines (copperplate-
scenario) have to be installed since no intelli-
gent distribution can be used and no syner-
gies can be exploited. This leads to the con-
clusion that the hypothesis can be verified for 
a long-term perspective. In opposition to the 
introductory assumptions, however the fol-
lowing illustration seems to be more accurate 
(see Figure 34).  

 

A future research project should verify the 
outcome of this study with a robust economic 
analysis in order to back up the projections of 
Figure 34 with quantitative estimations. This 
undertaking would exceed the scope of this 
study. The proposed CBA should quantify the 
investment costs for a smart and a dumb grid 
infrastructure considering both the transmis-
sion and distribution grid, as well as quantify-
ing the energy and capacity effect for both a 
dumb and a smart scenario – all calculation 
should be made for a European scale.  

This study has shown that such a design 
would be very important and helpful since a 
large amount of basic information is still un-
clear. Therefore, a robust analysis with a 
more general approach seems to be best and 
would be sufficient as a starting point. The 
outcome of this study could then deliver the 
following numbers: opportunity benefit of a 
Smart Grid in comparison to a Dumb Grid 
adapted to a high share of RES, a second 
finding would be the amount of kilometres of 
the European transmission and distribution 
grid that has to be upgraded or newly built – 
and how many kilometres of lines could be 

avoided in a smart scenario relying on dis-
tributed generation and smart distribution  

 
To conclude, the result of this study may 

be surprising since the detected research 
needs are much more basic than one would 
have assumed regarding the time pressure 
for action. However, a solid economic analy-
sis of a European Smart Grid and binding 
European Smart Grid legislation is indispen-
sable for making a significant step and man-
aging the paradigm shift into a green and 
smart energy future.  
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Annex 

Table 1 Peak Loads in the EU (2008) 
 

EU 27+2 Peak Load in GW 

Austria 9,1 

Belgium 12,6 

Bulgaria 6,0 

Cyprus n.d. 

Czech Republic 9,0 

Denmark 6,3** 

Estonia 1,5*** 

Finland 13,2** 

France 84,2 

Germany 77,5 

Greece 7,9 

Hungary 5,8 

Ireland 6* 

Italiy 49,6 

Latvia 1,3*** 

Lithuania 1,7*** 

Luxemburg 0,7 

Malta n.d. 

The Netherlands 16,9 

Norway 21,9** 

Poland 21,2 

Portugal 8,9 

Romania 7,8 

Slovakia 3,9 

Slovenia 1,7 

Spain 42,6 

Sweden 24,9** 

Switzerland 9,9 

United Kingdom 65* 

EU 27 485,3 

EU 27+2 517,1 

Source: UCTE 
https://www.entsoe.eu/fileadmin/user_upload/_library/resources/statistics/e_consumption_2008.pdf 
(es sei denn gesondert gekennzeichnet) 
 
* IEA 
http://www.ieawind.org/AnnexXXV/Publications/Task25/Holttinen%20EWEA%20Grid%20conf%20I
EA%20Task%2025.pdf, slide 4 
 
** NORDEL, maximum system load https://www.entsoe.eu/fileadmin/user_upload/_library 
/publications/nordic/annualstatistics/Annual%20Statistics%202008.pdf 
 
***BALTSO https://www.entsoe.eu/fileadmin/user_upload/_library/publications/baltic/annual_ 
report/100713_BRG_Annual_Report_2009_final.pdf 
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Table 2 Annual Electricity Consumption of Households and Households/Services 
 

  

Electricity Consumption Households 
(2008)* 

Consumption of Electricity by 
Households/Services (Final Energy 
Consumption) (2008)** 

Country 
1000t RÖE TWh 

5% savings in 
TWh GWh TWh 

5% savings in 
TWh 

Austria 1459 16,97 0,85 28944 28,944 1,45 
Belgium 1718 19,98 1,00 41944 41,944 2,10 
Bulgaria 862 10,03 0,50 17408 17,408 0,87 
Cyprus 145 1,69 0,08 3999 3,999 0,20 

Czech Republic 1264 14,70 0,74 32037 32,037 1,60 
Denmark 888 10,33 0,52 23291 23,291 1,16 

Estonia 159 1,85 0,09 4581 4,581 0,23 
Finland 1820 21,17 1,06 38602 38,602 1,93 
France 13380 155,62 7,78 278839 278,839 13,94 

Germany 11995 139,51 6,98 266926 266,926 13,35 

Greece 1559 18,13 0,91 40922 40,922 2,05 
Hungary 985 11,46 0,57 23228 23,228 1,16 
Ireland 733 8,53 0,43 18643 18,643 0,93 

Italia 5880 68,39 3,42 156832 156,832 7,84 
Latvia 175 2,04 0,10 4805 4,805 0,24 

Lithuania 233 2,71 0,14 6156 6,156 0,31 
Luxemburg 65 0,76 0,04 2194 2,194 0,11 

Malta 57 0,66 0,03 1320 1,32 0,07 
The Netherlands 2132 24,80 1,24 65382 65,382 3,27 

Norway 2967 34,51 1,73 60232 60,232 3,01 
Poland 2331 27,11 1,36 70027 70,027 3,50 

Portugal 1156 13,45 0,67 30233 30,233 1,51 
Romania 894 10,40 0,52 17387 17,387 0,87 
Slovakia 390 4,54 0,23 11653 11,653 0,58 
Slovenia 274 3,19 0,16 6299 6,299 0,31 

Spain 6194 72,04 3,60 159185 159,185 7,96 
Sweden 3347 38,93 1,95 68613 68,613 3,43 

Switzerland 1539 17,90 0,89 36305 36,305 1,82 
United Kingdom 10133 117,86 5,89 219570 219,57 10,98 

EU27 70228 816,82 40,84 1639020 1639,02 81,95 
EU27+2 74734 869,23 43,46 1735557 1735,557 86,78 

 
*[tsdpc310] - Electricity consumption of households - 1 000 toe 

 
Short Description: The indicator is defined as the quantity of electricity consumed by households. Household 
consumption covers all use of electricity for space and water heating and all electrical appliances.  
Auxiliary calculation:         

RÖE  TWh         

1 0,0116309254         
 
 
**[ten00094] - Consumption of electricity by industry, transport activities and households/services - 
(GWh) 

Short Description: This consumption stands for final energy consumption. Final energy consumption in 
households/services covers quantities consumed by private households, small-scale industry, crafts, com-
merce, administrative bodies, services with the exception of transportation, agriculture and fishing.  

  

Source: http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/main_tables 
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Table 3 Number of Households in the EU (2005) 
 
 

EU 27+2 Numbers of Households in Mio 

Austria 3,4 

Belgium 4,4 

Bulgaria 3 

Cyprus 0,25 

Czech Republic 3,8 

Denmark 2,5 

Estonia 0,58 

Finland 2,4 

France 26,6 

Germany 39,2 

Greece 3,2 

Hungary 3,8 

Ireland 1,3 

Italia 22,2 

Latvia 0,8 

Lithuania 1,4 

Luxemburg 0,17 

Malta 0,13 

The Netherlands 7,1 

Norway 2 

Poland 13,3 

Portugal 3,7 

Romania 7,3 

Slovakia 1,9 

Slovenia 0,69 

Spain 14,2 

Sweden 4,4 

Switzerland 3,1 

United Kingdom 24,9 

EU 27 196,6 

Source: Wirtschaftskammern Österreichs http://www.wko.at/statistik/eu/europa-privathaushalte.pdf 
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