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Abstract 

Large-scale smart meter rollout is expected to take place in most of Europe by the 
year 2020. Thanks to bi-directional communication between consumer and 
producer, this technology allows a better monitoring of energy consumption and 
the introduction of flexible energy tariffs, which are better suited to fluctuating 
renewable energy production. However, a number of issues have also been raised 
in relation to smart meters; particularly in relation to data privacy and the risk of 
an increase in electricity prices due to high investment costs passed on to the 
consumer. It will be fundamental for policy makers to ensure that costs and 
benefits related to the rollout will accrue fairly to each stakeholder, while ensuring 
protection of the weaker members of society. 
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EXECUTIVE SUMMARY 

Background 

In 2009, the EU voted Directive 2009/72/EC, creating common rules for an internal market 
in electricity and laying the groundwork for an efficiently managed electricity network. The 
directive encourages the introduction of smart grids, distributed generation and energy 
efficiency. In order to optimise the use of electricity, it encourages the introduction of 
“innovative” pricing schemes and prescribes cost-benefit analyses (CBA) for large-scale 
smart meter rollout to be carried out until September 2012. Coming closer to that date, 
stakeholders and policymakers have voiced concerns about the risk of increasing electricity 
prices, increasing electricity expenditures for households and privacy infringements due to 
the rollout. 

Aim 

The objective of the present briefing paper is to analyse the effects of large-scale smart 
meter deployment on electricity prices and expenditures on end-users. The paper looks at 
price evolution based on existing flexible tariff regimes and changes in the behaviour of 
consumers accordingly. It also includes an assessment of the effects under different energy 
generation scenarios. The results are based on country trials, acknowledging that some 
findings may not be applicable throughout the EU. Other issues linked to smart meters, 
such as privacy or competition problems, are also considered. The paper concludes with 
recommendations for policymakers at European and national level.  

Headline results  

Current experiences with smart meter rollout 

According to Directive 2009/72/EC (directive on the internal electricity market), Member 
States are required to evaluate the effect of a smart meter rollout via cost-benefit analyses 
(CBAs). At present, in Europe, only Sweden and Italy have implemented a full rollout, while 
a number of countries are currently analysing the implications by means of a CBA. 

The Swedish government fostered the rollout by promulgating a law that required 
Distribution System Operators (DSOs) to provide monthly billing on actual consumption by 
the end of 2009. In Italy, ENEL (the national DSO at the time) began its large-scale smart 
meter deployment in 2006 via the project Telegestore. The main objectives were the 
reduction of meter reading costs as well as the avoidance of revenue losses due to 
electricity theft. 

Looking at international experiences outside the EU, the US and the state of Victoria in 
Australia are analysed in more depth. The US is promoting smart meter rollout via the 
Smart Grid Investment Grant (SGIG), a grant system with the intention of fostering smart 
grid technologies across the whole country. Due to a high number of DSOs and the risk of 
technology lock-ins for end-users, the role of standardisation has gained momentum. 
The National Institute of Standards and Technology (NIST) was thus mandated to issue 
standards for communication protocols and the smart meter technology.  

The example of the government of Victoria in Australia shows the need for a complete and 
careful CBA. Announced in 2006, the rollout was stopped due to strong public opposition 
and commercial miscalculation by the DSOs.  
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In terms of costs of smart meters and smart metering, from existing experiences, CBAs 
and studies, we can derive that three major aspects influence the price of smart meters for 
operators: 

 The technology and amount of functionalities; 
 The costs related to Information Communication Technology (ICT) infrastructure; 
 Other costs, more difficult to quantify, such as installation and maintenance costs. 

Main actors’ roles and cost-benefit analysis 

The role of the different stakeholders may vary according to the level of market 
liberalisation in the country considered.  

In most countries where a regulated approach is undertaken, grid operators are in charge 
of the rollout. In those countries where the rollout is market-driven, energy suppliers or 
independent metering companies can be directly in charge of the meter installation. This is 
the case of the UK for instance.  

With smart meters, consumers will benefit from enhanced knowledge of their energy 
consumption. Moreover, given the right conditions in place, it is expected that a number of 
improved customer services will allow individual households to make energy savings and 
financial savings.  

Energy regulators and national legislators will, however, have to ensure the smooth 
implementation of the smart meter rollout through appropriate legislation.  

The various costs and benefits connected to a large rollout of smart meters accrue to 
each stakeholder differently. Many stakeholders fear that the benefits will not be for those 
who bear the main cost of a smart meter rollout. 

By and large, the main benefits identified are: 
 The reduction of a number of operating costs; 
 Improved functioning of market mechanisms; 
 Increase of the security of supply; 
 Energy savings. 

Technology and infrastructure are going to incur the main costs for investors. As it is 
unclear if and to what extent financial benefits of the smart meter rollout will be passed on 
along the value chain, it is difficult to assess bearers of costs and benefits among actors. 

Effect of smart meters on electricity prices and expenditures 

The final effect of smart meters on electricity prices depends on the net costs and benefits 
to all market participants, and the extent to which these are passed on to the end-
users.  

In the initial phase of the rollout, the consumers will bear the costs, since most of the 
investment costs will be passed on to them. However in the long term, consumers are the 
ones who will reap the largest benefits, thanks to an overall reduction in energy 
expenditures. 

In a liberalised market, it can be anticipated that many different tariffs will be offered to 
end-customers in a similar fashion to mobile and landline telephone tariffs. As a result, 
changes in tariffs offered based on competition, but also based on the demand response by 
the customers, are likely to result in a continuous dynamic development of tariffs structures 
and prices. 
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Time-of-Use tariffs, setting different prices for fixed times over the day, possibly differing 
for working days and weekends, present a limited risk of increased expenditures, but also 
have limited potential reward. In Italy, for instance, annual electricity expenditures with 
Time-of-Use tariffs equal single tariff expenditures if at least 67% of electricity consumption 
is during the off-peak hours. Since off-peak tariffs are applied 67% of the year, end-users 
need to actively shift their load to make actual financial savings. 

With Critical Peak Pricing tariffs, combining time-of-use tariff elements with different 
prices for critical days which are selected by the electricity provider at short notice, French 
customers, for example, have managed to reduce their annual electricity expenditures by 
10% in recent years. In the pilot trial preceding market introduction of the tariff, 59% of 
the customers also declared having made energy savings. 

Real Time Pricing tariffs, which transmit price information to the customer in real time 
and allow the customer to respond by consuming more or less electricity, depending on the 
price at every time interval for which prices are fixed, offer the highest risk of increased 
expenditures and the highest potential for cost savings.  

However, the simple introduction of smart meters will not be enough to foster energy 
savings. Defining target groups for specifically tailored interventions using different 
feedback channels as well as providing information on different levels of complexity and 
with different frequency etc. will have a major influence on the energy savings and load 
shifts achieved. 

The electricity saving potential of smart meter implementation is difficult to quantify. 
Various trials conducted in Europe and internationally vary significantly in setup and local 
conditions. However, comparisons indicate that the electricity saving potential is of a low 
percentage and varies across households, the main influencing factors being the household 
size, the ecological priorities of the consumers, their typical behaviour and their 
consumption levels. Most notably, electric heating and air conditioning allow for a 
significant level of consumption reductions and load shifts. 

Due to lack of data, it is difficult to make any final statement on the impact of smart meters 
on different income groups. 

For private households, it is generally found that smaller households are more likely to save 
energy and that personal attitude towards energy savings is an important variable in 
influencing the final impact. 

Concerning the impact on low-income households, extensive research has been carried 
out in the US, while there is great need for further analysis in Europe. 

The US experiences show that since low-income households in general have flatter load 
shapes, they are more likely to benefit from flexible tariffs than from flat rates.  

Effects of smart meters according to demand and supply patterns   

The effects of smart meters are discussed for two different energy mixes, one based on 
conventional power plants and one with high shares of fluctuating renewable energies. 

Under a conventional power regime it is found that: 

 Short-term effect: reductions of the load during peak hours when power plants with 
high marginal costs operate will reduce spot market prices for these hours. 
Depending on the power plant park and the load level, such reductions can be 
significant. On the other hand, increasing load during off-peak hours will increase 
generation costs, but on a much lower level than the reductions during peak hours;  
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 Long-term effect: reduced overall generation prices reduce the income of all 
generators, thus reducing their contribution margin and incentive to invest. 

 The main effects in a system dominated by renewable energies are the following:  
 On average, wholesale electricity prices will decrease due to zero marginal costs of 

fluctuating renewables;  
 Fluctuations in energy production may lead to a steep increase in prices during peak 

hours, and thus increase price fluctuations in general. 

The usefulness of smart meters will depend on the demand patterns: for instance, without 
large consumer loads, load shifting and money savings are difficult to achieve.  

The expected commercialisation of battery electric vehicles and hydrogen fuel cell electric 
vehicles will establish road transport fuels as additional electric demand. The intelligent 
dispatch of these additional loads will be necessary in order to allow for mass market 
introduction, and will represent an opportunity for the integration of increasing shares of 
fluctuating renewables in the grid. 

Issues with smart metering and requirements for electricity produced on the 
consumers’ premises 

In the past, the large rollout of smart meters has led to public opposition from consumers, 
a problem that may also be encountered in future. In the cases of the Netherlands and the 
US, the main triggers were doubts about effective data and privacy protection. 

The questions that will have to be answered by national legislators are: What data is 
collected and how often? Who is the owner of the data, who has access to it, how can it be 
processed and for what purposes? How can the communication infrastructure be built in 
such a way that the communication between the smart meter, the interface and the 
collecting entity is safe? 

Health concerns related to the effects of exposure to electromagnetic fields have also 
triggered public resistance in the past and need to be taken into account when deploying 
smart meter infrastructure. 

Recent research has shown that smart meter deployment may not always bring about the 
desired advantages, particularly in relation to energy savings. This may happen in case of 
rebound, backfire or drawback effects. 

Concerning the rollout itself, the study shows that: 
 Legislators have to avoid that the current lack of standardisation results in 

technology lock-ins for customers; 
 Conflict of interests between policymakers and energy suppliers can be encountered 

as the former are attempting to promote energy efficiency while the latter rely on 
increasing their supply to increase their revenues; 

 Lack of behavioural change and thus no increase in energy efficiency may come as a 
result of poor knowledge on the consumer side. 

The requirement formulated in the draft Energy Efficiency Directive (EED)1, enabling 
consumers producing energy on their premises to purchase a smart meter that can also 
account for the produced energy and the one exported to the grid, merely reinforces the 
need for standards and security measures (data, privacy, network). 

                                          
1  [COM(2011) 370 FINAL] 
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Conclusions and policy recommendations 

At EU level, the study formulates some main recommendations: 

 The current legal framework in terms of energy efficiency needs to be improved, as 
it may not be sufficient for achieving the 20% savings target. In this context, smart 
meters are an important first step to make consumption transparent but do not 
ensure energy savings on their own; 

 Smart meters in combination with energy saving obligations for utilities may 
contribute to an uptake of energy efficiency services; 

 The EU must ensure harmonised privacy provisions and should try to make 
stakeholders apply a “privacy-by-design” approach; 

 The EU should make sure that future European standards, containing minimum 
technical functionalities, will be implemented; 

 
The study also acknowledges that the draft EED already takes into account many 
safeguards formulated by academia to avoid unintended negative consequences that 
would be adverse to the energy efficiency objectives. For instance, the EED requires that 
minimum technical functionalities be set when implementing the directive and it 
ensures that consumers  receive the service of smart metering free of charge. Also, annex 
VI prescribes an interface for smart meters, secure communication channels and 
acknowledges that the information exported through the interface is of private nature. An 
important detail is the fact that the text differentiates between data provided to the 
consumer via the interface and the one provided to the supplier, thereby providing a higher 
privacy level. Consumer trials demonstrate that access to historical data is important for 
consumer action, a fact that is also taken into account in annex VI. This is true also for 
making the displaying of the current rate of consumption and related cost mandatory.  
 
For national legislators, the study suggests the following:  

 Member States (MS) will have to define roles and responsibilities of all involved 
stakeholders; 

 MS must ensure that privacy rules are implemented and can make use of additional 
voluntary measures; 

 Communication and information activities will be crucial to ensuring acceptance and 
usage of smart meters; 

 The optimal format in which energy consumption data will be provided on the 
interface and the bill will have to be assessed in each MS; 

 MS will have to ensure safe communication; 
 MS will have to assess the impact of the introduction of flexible tariffs on different 

consumer groups, especially on low-income households.  
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1. CURRENT EXPERIENCES WITH SMART METER ROLLOUT 

This chapter will reflect and compare the current experiences with smart meter rollouts in 
countries where large deployments have taken place: this includes European countries, the 
United States and Australia. Section 1.2 will in continuation study the prices and costs in 
relation to the current status of the technology.  

1.1. First experiences in the EU and the world 

EU landscape 

In Europe, there are different approaches to smart meter deployment. Due to the structure 
of the energy markets in some of the Member States (see also section 2.1) this is often a 
regulated process following a “top-down approach” where a central authority, such as the 
energy regulator, is in charge of planning the rollout by providing incentives and planning. 
In other countries, however, the stakeholder in charge of the rollout, which might be either 
the Distribution System Operator or the energy supplier, has more freedom of choice in 
terms of timing, technology and scope for the rollout. 

By May 2009, only Italy and Sweden had performed complete rollouts. In Finland, the 
rollout is expected to be completed by 2014 [ESMA 2010]. Full-scale implementation has 
already been announced in France and the UK, while other countries are experimenting 
with pilot projects in order to decide on the national rollout [ESMA 2010]. EU Directive 
2009/72/EC requires Member States to evaluate the implication of smart meters rollout 
through cost-benefit analysis (CBAs) and, for those countries in which such analysis was 
found to be positive, large-scale deployment of smart meters (80%) has to be ensured by 
the year 2020. For now, roughly a third2 of MS has performed CBA, for 7 of them3 the 
results turned out to be positive [ERGEG 2011].  

The project “Smart Regions” has analysed the European smart meter policy landscape and 
measured MS’s progress according to two main criteria: the legal status and the advance in 
implementation. Figure 1 below shows the results of their analysis for European MS. 

                                          
2  Austria, Denmark, France, Hungary, the Netherlands, Norway, Poland, Portugal, Slovenia, Sweden, United 

Kingdom. [ERGEG 2011] 
3  Austria, France, the Netherlands, Norway, Poland, Portugal, United Kingdom. In Poland, the study was 

performed by the TSO, not a government authority. In Sweden, although the result was negative, the rollout for 
electricity smart meters continued [ERGEG 2011]. 
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Figure 1: EU MS status on smart meters deployment in relation to their legal framework 
and progress in implementation  

Source: [Smart Regions 2011]. 

 

MS with a well-defined legal framework in place and advanced deployment status are to be 
found in the upper right quadrant of the graph where they are defined as ‘dynamic 
movers’. Countries in the top left quadrant of the figure are considered as ‘market 
drivers’, notwithstanding certain progress in deployment status, they are still lacking a 
clear legal framework. The rest of the countries are either still not advanced in terms of 
deployment, ‘ambiguous movers’, or lacking both the legal framework and any 
advancement in the deployment phase (‘waverers’ and ‘laggards’) [Smart Region 2011]. 

Sweden  

Sweden is the first country in Europe to have implemented a complete smart meter 
deployment by 2009. The government promulgated a law in 2006 that required all DSOs 
to provide monthly billing on actual consumption by the end of 2009, which led to a rapid 
smart meter deployment all be it with a higher level of investment than expected [Leonardo 
2006]. DSOs in Sweden are regulated utilities and the meter market is regulated as well, 
therefore the network operators are responsible for the meter rollout and management.  

However without any initial legislative foundation on energy efficiency or environmental 
measures, different technologies for the meters were used, leading to a situation in which 
not all meters can equally support energy efficiency policies [Stromback et al. 2010]. In 
Vattenfall Distribution Nordic, for example, 850 000 smart meters were installed in Swedish 
households in 3 “waves” but with different metering companies4.  

                                          
4  AMR1 5 (Actaris), AMR2 (Iskraemeco), and AMR3 (Telvent)  in parenthesis the technology providers.[Rinta 

Jouppi 2009] 
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Although with each “wave” the technology of the smart meters improved, while investment 
costs decreased (see Figure 2) [Stromback et al. 2010], the experience shows, 
nevertheless, that it can be difficult to align the utilities’ interest with energy efficiency 
measures promoted by the government (see also chapter 5). The Swedish government is 
currently performing an analysis of the costs related to upgrading the system so that all 
meters could sustain the same functionalities, including those necessary for measuring 
efficiency, but these meters are usually more expensive [Stromback et al. 2010].    

Figure 2: Advanced Metering Reading AMR marketing development of Swedish smart 
meters for Vattenfall 

 

 

 

 

 

 

 

 

 

 
Source: [Rinta Jouppi 2009] 

 

A clear view and definitions of the current country’s needs and future requirements are 
essential for good investment planning. Clear rules for the DSOs and proper incentives to 
invest need to be established accordingly from the beginning. The costs related to  
changing from ‘estimated values’ to ‘exact billing’ are often underestimated [Rinta Jouppi 
2009]. These ‘changing costs’ are due to the fact that the whole administrative and 
customer service procedure need to also be critically adapted.  The most difficult parts 
relate to [Cotti 2010]: 

 Reengineering of the entire measuring and billing process; 
 Data handling and storage. 

Italy  

The largest European smart meter deployment project has been managed by the Italian 
utility ENEL, who has overseen the installation of over 30 million smart meters since 
the year 2005. The total amount of investment for the project Telegestore has amounted 
to €2.1 bn, which represents over 75% of overall funding dedicated to smart metering 
projects in Europe [JRC 2011].  

The Telegestore project began when ENEL still had a monopolistic position, well before the 
market liberalisation push from the EU. The project focussed primarily on the improvement 
of system management rather than any energy efficiency considerations [SmartRegions 
2011]. The deployment was started before any legislation was in place and before the fiscal 
incentive for smart grid projects was introduced [Eurelectric 2011], through which the 
energy regulators would allow the winner of the project an extra 2% Weighted Average 
Cost Of Capital (WACC) for 12 years [Eurelectric 2011]. 
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Figure 3 shows that ENEL focussed most of its investment on R&D and production and 
installation in view of reducing costs in relation to customer services and meter reading and 
maintenance, as well as preventing revenue losses due to thefts [Gallo 2009]. The 
technology was chosen by the utility accordingly and standardised across the country. 

Figure 3: Italian project Telegestore investment and saving areas 

 

 

 

 

 

 

 

 

 

 

 
Source: [Gallo 2009]. 

 

The biggest advantages for ENEL have been brought about by the achieved economic 
savings and by the increased quantity and type of services they could now deliver. The 
company now provides a number of tailored5 tariffs to the final user specifically issued to 
improve system management. The investment of the smart meters is being recovered by 
ENEL via savings and tariff measures (see chapter 4). 

The United Kingdom 

The UK has announced full-scale implementation of smart meters for residential 
customers by 2020 and a detailed CBA was prepared following up on the EU Directive 
requirements.  

In the UK, it will be the energy suppliers that will implement the rollout [Smart Regions 
2011]. Being managed by the Department of Energy and Climate Change (DECC) following 
the EU requirement, this is a top-down approach. The DECC is responsible for the 
establishment of a rollout plan and has overseen the CBA of the smart meter programme. 
In the CBA, we find that costs, benefits and policy options have been considered with 
respect to [DECC 2011b]:  

 Basic functionalities of the smart meter;  
 Rollout timeline;  
 Establishment of the central data provider;  
 Strategy for the rollout. 

                                          
5  “Tailored” meaning that the tariffs are adapted to the hour of the day (morning, afternoon, evening), of the 

week (week/weekend), but also time of the year (summer holidays). 
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A public consultation was launched in the UK to assess stakeholders’ opinion on the CBA 
results; the response to the consultation was published in March 2011 and the main 
conclusions focussed on three issues [DECC 2010]: 

 the obligation on energy suppliers to install smart meters have to be set in such a 
way that they deliver best benefits for the consumers; 

 it has to be ensured that all functions and technical guidelines can be applied and 
delivered by all parties; 

 responsibility for data handling has to be allocated in a way that ensures highest 
security and safety to the data. 

Chapter 1.2 will present more details on the UK CBA.  

The United States 

In the United States, similarly to the EU, individual states are at different stages of smart 
meters rollout (see Figure 4), however the Institute for Electric Efficiency (IEE) expects that 
over 65 million smart meters will be installed in the United States by 2015 [IEE 2011]. 

According to the Federal Energy Regulatory Commission (FERC), the number of “advanced 
meters” installed throughout the United States increased by 13.4% between 2007-2011. 
The report considers that the increase is partly the result of the Smart Grid Investment 
Grant (SGIG) [FERC 2011]. As part of the 2009 American Reinvestment and Recovery 
Act, the US federal government has implemented this grant system with the 
intention to foster and develop smart grid technologies across the whole country. 
The overall grant budget offered 3.4 billion dollars of which over 1 billion was dedicated to 
the category “Advanced metering systems” [White House 2009]. 

Figure 4: Estimates of smart meter rollouts in the US, on the basis of current deployment 
and future plans.  

 

 
 
Legend: 

Dark blue implies 
>50% of end-user,  

light blue implies 
<50% of end-
users 

 

 

 

Source: [IEE 2011].  

 

The federal government delegated responsibility for the establishment of 
protocols and standards for the technology to the National Institute of Standards 
and Technology (NIST) [Task Force Smart Grids 2010]. Standardisation is an important 
aspect of the US policy towards smart meters and for this purpose NIST created a public-
private group, the Smart Grid Interoperability Panel (SGIP) [NIST 2011], which released in 
2009 the “NIST Framework and Roadmap for Smart Grid Interoperability Standards”, 
currently under review following a public consultation.  
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This is particularly important in the US as over 3600 utilities operate with 3 different energy 
regulators across all the states, and standardisation induces the creation of a larger 
interoperable market, stimulating innovation and facilitating the process of deployment 
[Task Force Smart Grids 2010]. 

Along with technical and procedural standards, data privacy and customers security is a 
key issue of the American roadmap. In California, for instance, specific privacy rules on 
data disclosure have been adopted for the three utilities responsible for the smart meter 
rollout and any of their subsidiaries or subcontractors having access to users’ data via the 
utilities [CPUC 2011].  

The three utilities involved are forbidden to disclose any information regarding user’s 
consumption to any third parties without the permission of the customer. The bill also 
requires the utilities to ensure that the consumer has direct free access to his/her own data 
on consumption: the document states that “PG&E, SCE, and SDG&E must each file a Tier 2 
advice letter including tariff changes to make price, usage and cost information available to 
its customers online and updated at least on a daily basis” [CPUC 2011]. 

Australia – Victoria  

The government of Victoria in Australia mandated smart meters implementation in 2006 
through the Advanced Metering Infrastructure (AMI) legislation. The 5 network operators in 
charge of the rollout could partly recover their costs from energy retailers, which affected 
energy prices for the final consumers [DPI 2010]. For instance, the indicative charges for 
AMI cost recovery in 2010 were set to be $53 higher than the previous year, for each 
household and irrespective of energy consumption [AER 2009]. Public opposition, caused 
by the uncertainties regarding the actual benefits for consumers (including also health 
concerns) led the government to halt the rollout and perform an audit on the AMI 
programme, whose conclusion was published only recently. The AMI review found that the 
initial assessment did not address appropriately the risk of: 

 cost increases for consumers due to technology performances; 
 cost increases due to over-spending of government support for DSOs.  

After the final review, the government of Victoria decided to continue with the full 
implementation of SM but modified its plan. In particular, the modifications include 
measures to ensure a larger focus on the consumers' role and rights such as [Deloitte 
2011]: 

 The implementation of a large household involvement campaign; 
 Direct participation of consumer associations via a new Ministerial Council; 
 The delay of the introduction of flexible tariffs until 2013, with the option of using 

flat tariffs even after the introduction. 

Overview 

Table 1 below presents an overview of the main characteristics of the rollout plans outlined 
in this chapter. 
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Table 1: Overview of the main characteristics of smart meter rollout in the examples seen 
above  

Country Status In charge 
(of rollout) Energy regulators Flexible tariff Cost 

Recovery 

Sweden Completed DSO Established the legal 
framework 

Monthly reading, 
flexible tariff not 

compulsory 
Charges 

Italy Completed DSO 
Intervention only 

after implementation 
started 

Hourly tariff Charges 

UK Announced Energy 
retailers 

Coordinated CBA and 
performed planning Flexible tariff -NA- 

US On-going DSO -NA- -NA- Regulated 
charges 

Australia  
Victoria On-going DSO 

Control price and 
ensure benefits are 

delivered to the end- 
user 

 
Flexible tariff 

End-user 
and grant 

Source: [Various sources] 

NA: Not available. In the case of the UK, this implies that, in theory, costs are meant to be recovered via charges 
but that the rollout has not yet taken place and actual recovery cannot be verified. 

1.2. Prices and costs  

The overall cost for smart meter implementation, either for the individual meter or as a 
whole, mostly depends on the technological functionalities. The higher the level of 
sophistication of the technology, the higher will be the final costs for the rollout. Directly 
related to the costs of smart meter technologies are also the installation and 
maintenance expenses (administrative costs and training for example). Besides, 
Information Communication Technology (ICT) investments are also needed to develop a 
smart metering infrastructure” [Haney et al. 2009].  

It is not possible to provide single estimates on the meters’ prices and costs as the basic 
functionalities and requirements vary in each country. Because of the lack of common 
standards, the assumptions used in Cost-Benefit Analyses (CBA) vary greatly, which poses 
an additional problem for comparison. And on top of that, hardware technology has highly 
improved in recent years while its costs have decreased [Haney et al. 2011].  
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The assumed basic capabilities of smart meters made by the European Smart Metering 
Association (ESMA) are as follows [ESMA 2008]: 

 Automatic processing, transfer, management and utilisation of metering data; 
 Automatic management of meters; 
 2-way data communication with meters; 
 Provides meaningful and timely consumption information to the relevant actors and 

their systems, including the energy consumer; 
 Supports services that improve the energy efficiency of the energy consumption and 

the energy system (generation, transmission, distribution and especially end-user). 

Most of the CBAs for EU countries currently take into account such functionalities6.  

Communication systems are an important part of the investment in metering 
technology. Two main concepts can be distinguished here. Advanced Meter Reading (AMR) 
allows for simple remote reading (one-way communication) of meters via different 
communication networks and thus allows for accurate billing (e.g. monthly). Advanced 
Meter Management (AMM) on the other hand allows for the collection of metering data on a 
frequent basis. Suppliers can thus provide more specific and focussed customer service7 
[Haney et al. 2011].  

ICT costs can also be quite significant; the main options for communication between 
the SM and the metering company are Power Line Carrier (PLC) and General Packet Radio 
Service (GPRS) [KEMA 2010]. PLC uses the existing power lines to transfer the data 
packages, while the GPRS is the network used for mobile phones. In the case of the UK, 
Wide Area Network (WAN/Internet) connection is also considered to be part of the ICT 
infrastructure in relation to smart meters. 

While comparing different estimates of the UK, smart meters [Haney et al. 2011] find that 
prepayment meters are more expensive than the credit ones, and that separate visual 
display (“In-home displays – IHD”) will add £15 (around €17.90) to the cost of the meter. 
Daily remote reading is associated with an increase in the ICT costs but not, however, in 
the cost of the meter. 

Table 2 shows different estimates based on CBAs carried out by Member States, under the 
assumption that main functionalities of the meter will be similar in all countries assessed.  

Installation and maintenance costs are difficult to assess, as there is still little 
evidence available and no practical experience in this field. Therefore these costs can only 
be quantified to a certain extent. As a good and interesting example we can, however, 
consider the case of Ireland, where a distinction between urban and rural installation costs 
is made to take into account the extra costs of having to reach isolated places [CER 2011]. 

Finally, the overall cost for a rollout will also depend on the length and timing of the rollout. 
A large-scale, centrally managed implementation, coordinated by the main DSO, for 
instance, is likely to benefit from economies of scale and therefore will be more cost-
effective [Haney et al. 2011].  

                                          
6  Currently, there is no homogenous CBA methodology. For more information on basic functionalities and 

customer services see Annex I. 
7  Customer services include giving the user access to information on network faults, “maintenance and repair, 

connection and disconnection, customer connection and disconnection, power quality their energy consumption 
and energy efficiency and energy saving possibilities”. Overall we can say that “Fast, accurate and predictable 
service improves customer satisfaction” [ESMA 2008]. 
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Table 2: Estimates of smart meter costs based on MS’ CBAs, references provided in the 
table 

 Country 

Ireland 

Technology 
The meter will display basic functionalities as remote 
reading, ON/OFF power, but also half-hourly profile and 
remote firmware upgrade.  

Estimated prices 

€75 single-phase meter and €105 for a three-phase 
meter (PLC) 

€100 for a single-phase meter and €110 for a three-
phase meter (GPRS) 

Installation cost 

€48 for urban installation costs  

€72 for rural installation Maintenance costs are 
estimates at €12 per device 

Portugal 

Technology  

The CBAs consider two types of technology; AMM and 
AMR, the communication systems considered are both 
PLC and GPRS. Among the main features considered to 
be determining for the price of the device, we also find 
the power control mechanism, the remote ON/OFF 
function and the capacity to interact with other meters 

Estimated prices 
€70 for AMR single-phase meter 

€91 for AMM single-phase meter 

Installation cost 
Installation costs are considered as part of investment 
cost, but estimates are not provided 

United Kingdom 

Technology  

DECC defines various basic functionalities the installed 
smart meters will have to provide; among these are 
remote reading, two-way communication, an in-home 
display, the ON/OFF function. The ICT technology taken 
into account is WAN and GPRS.  

Estimated prices 

Costs of Assets (per device) are estimated at £44 per 
meter and £15 per display 

WAN connection is estimated at £15 per device 

Installation/maintenance 
costs 

Installation costs are estimated at £29 per device 

A rough estimation of operation and maintenance is 
given: £5.30 per household per year 

Source: [CER 2011], [ERSE 2007], [DECC 2011b] composed by Hinicio  
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2. MAIN ACTORS’ ROLE AND COST-BENEFIT ANALYSIS 

The role of the main actors for smart meters rollout will be presented in this chapter. It is 
fundamental to consider the level of cooperation and interaction between the different 
parties and their potential conflicts of interest. The chapter furthermore analyses the costs 
and benefits for individual stakeholders, including society as a whole. 

2.1. Interactions among the main actors 

Distribution System Operators (DSOs), who are responsible for the management of low 
voltage energy grids, are typically regulated entities only partly subjected to market forces 
[KEMA 2010]. They are also the first responsible for smart meter deployments8. In most 
European countries, the legal framework is still unclear concerning responsibility for smart 
meter rollout. [Eurelectric 2011] finds that in 11 countries9 the DSOs are responsible for 
implementing the rollout. As we have seen above in the case of Sweden and Italy, when 
the DSOs are in charge of the rollout, they are able to partly recover the investment cost 
via the tariff system, thanks to legislative incentives or grants and by keeping the 
ownership of the meter [Vasconcelos 2008]. 

As a result of the European legislation on the liberalisation of the electricity market, new 
electricity suppliers have entered the market. Their role with regard to smart meter 
deployment and management varies greatly among MS. In those countries where the 
rollout is market-driven, electricity suppliers can be directly in charge of the meter 
installation and therefore of the future handling of data and security issues. In the case of 
Germany and the UK, with liberalised metering markets, it is in fact the electricity supplier 
or an independent metering company that ensures installation if and when required by the 
customer [ERGEG 2009]. 

In liberalised markets, the role of metering companies is central. Within regulated 
markets metering companies are strongly linked to the DSOs, whereas in liberalised 
markets they are likely to be independent technology and service providers. If the 
electricity supplier is in charge of the metering installation, it will have the opportunity to 
choose or influence the type of meter to be installed best suited to its own needs 
[Vasconcelos 2008]. Since it is not possible for energy suppliers or metering companies to 
recover the costs of smart meters directly from the end-user, it will be important for them 
that the right incentives are put into place, for instance, via grants and fiscal incentives for 
project promotion (see Italian example in chapter 1). 

One of the most important features of smart meter technology is perhaps the high amount 
of opportunities that it implies for consumers.  For the first time, energy bills can be based 
on actual hourly energy consumption rather than estimated consumption profiles. The 
technology also allows for detailed description of energy consumption, including data on the 
consumption of household appliances (in case they support this feature). This can assist in 
identifying the most efficient energy solutions for a household, leading to possible savings.  

                                          
8  Currently, we mostly find regulated metering regimes in Europe where a number of companies operate under 

regulated conditions and their activities are not separated from the activities of network companies [Vasconcelos 
2008]. 

9  Austria, Finland, France, Italy, Norway, Poland, Portugal, Spain, Sweden, Portugal, Slovenia 
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Thanks to the system of flexible tariffs, consumers are already capable of shifting their 
demand on the basis of best prices and their convenience. Within a liberalised market, 
given a suitable standard system, consumers will have the chance to switch from different 
suppliers and choose among tailored tariff schemes and mechanisms.  

Because of these important changes, consumer representatives should be deeply involved 
in the progress of smart meter rollouts, particularly to be able to address concerns outlined 
in chapter 5. 

Energy Service Companies (ESCOs) or individual energy advisers are potential “third 
parties” as mentioned in the EED proposal. ESCOs can help consumers better understand 
their energy consumption and provide reliable customer services to foster energy efficiency 
measures. Consumers may not trust their suppliers when it comes to energy efficiency 
matters - given that suppliers are expected to gain more from less energy efficiency - and 
third parties can resolve this issue. ESCOs intervene on behalf of the consumers but in 
order to optimise the energy savings they need to have access to data that is not publicly 
available: plans of your dwelling, heating and electricity bills and thus, in future, metering 
data. It has to be considered though, that an ESCO’s service may imply an extra cost for 
the consumers. 

For regulated markets, energy regulators along with policymakers play a key role in 
ensuring that the adequate incentives (e.g. cost recovery) and legislative framework are in 
place to foster smart meter investment. In the current situation, most European DSOs are 
unable to fully recover their investment costs within an economically sound time frame 
[Eurelectric 2011]. Regulators also need to ensure that the DSOs and suppliers charge fair 
prices and tariffs to protect consumers’ rights and ensure a fair repartition of benefits and 
costs among all actors. 

2.2. Stakeholders costs and benefits analysis 

Smart meter deployments create different interesting revenue opportunities for various 
stakeholders, for instance, the chance to introduce new products and diversified services, 
but which obviously also entail a number of costs. Considering the various types of 
interactions, costs and benefits will accrue to each stakeholder differently. Major 
stakeholders, such as DSO, energy suppliers and end-users, are concerned that the 
benefits related to smart metering infrastructure do not accrue to those who bear the 
highest costs. According to [ESMA 2008], due to short time experience there is still little 
proof of large economic benefits for the main stakeholders. 

[Haney et al. 2011] consider that benefits from smart metering can be divided into two 
major categories: operational benefits and demand response (DR). The first category 
includes: 

 Reduction of operating costs: the cost of all types of services related to meter 
reading would be reduced, including administrative costs; 

 Improved functioning of market mechanisms: the simplification of procedures across 
the whole market, for instance, can also help in simplifying the procedure to switch 
supplier or possibility to choose the best tariff available for a determined 
consumption [KEMA 2010]. 
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The benefits from DR functionalities are difficult to quantify as they relate to a range of 
policies that aim to improve grid balancing and the smart grid infrastructure. However, the 
main benefits can be summarised as follows [KEMA 2010]: 

 Increasing the security of supply: this benefit relates to the overall implementation 
of a smart grid, the possibility to use local renewable energy sources instead of 
being dependent on foreign fossil fuels, the possibility to better forecast and avoid 
grid failure, power shortages and so forth; 

 Energy savings: this is probably the most discussed benefit of smart meters: smart 
meters will give end-users more information on their consumption,  

 empowering them to take actions on their consumption patterns. In future, smart 
meters would also help identify inefficient appliances. So far, however, it has been 
difficult to assess their real impact on behavioural change in energy consumption 
(see chapter 5). 

From the above, it may have become clear that it will not always be possible to specifically 
quantify the costs and benefits for each of the stakeholders. Nevertheless, it is relevant to 
analyse other key benefits for each of the three main stakeholders identified below. 

Society 

By and large, smart meters have to be considered in the broader context of a smart grid, 
the integration of more renewable energy sources and the benefit this creates for the entire 
society. Thus, the whole society can profit from smart meters as they allow for better 
monitoring of actual energy consumption on an individual level. Additionally, via the 
incentive of time-of-use tariffs, smart meters support energy efficiency in a cost-optimal 
way. 

Smart meter deployment also entails high level of investment, for instance, in 
hardware of the meter or the communication infrastructure (see chapter 1.2). Along with 
capital costs, industrial stakeholders (DSOs, suppliers and metering companies) are 
expected to provide large investments in human capital, as the smart grid infrastructure 
requires skilled labour. The creation of more job opportunities and more skilled labour has 
to be seen as a general societal benefit. 

Network Operators 

As we have seen in the case of ENEL (see figure 3), the main costs for network operators 
implementing the rollout are initial investment in research and development, production 
and installation of the meters and of any other applications required (such as 
concentrators)10. Chapter 1.2 also mentions the non-negligible ICT costs.  

While investment costs are quite high, they are likely to yield good returns on grid 
management costs [Faruqui et al. 2009] via: 

 Fast detection of outages; 
 Reduced meter reading costs (all done remotely); 
 provide a safety net against theft and fraud (thanks to the possibility to disconnect 

remotely).   

However, DSO/energy suppliers can be unwilling to take the risk of launching the 
investment if the numbers do not add up very clearly in their favour, particularly since the 
energy regulators oppose any increase in tariffs for the consumers [Eurelectric 2011]. 

                                          
10  Data concentrators can be part of smart metering infrastructure, allowing for the gathering of data between 

the end- user and the infrastructure operators. 
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Energy Suppliers 

Smart metering also provides advantages for energy suppliers, for instance, by knowing 
end-users’ consumption history, the energy supplier can introduce customised tariffs to 
target different types of consumers [ESMA 2009]. As we have seen in chapter 2.1, the 
energy suppliers will also benefit from the possibility to improve customer services. For 
instance, smart meters can help to reduce losses or complaints due to inaccurate billing 
[Gallo 2009].   

But, on the other hand, smart meters will also foster competition - provided that the 
right standards are in place - it will be easier for consumers to switch from one supplier to 
the other [ESMA 2009].  

This emphasises the existing fear that energy suppliers, with the additional knowledge of 
their customer’s consumption patterns, will be tempted to provide targeted offers with 
difficult withdrawal modalities, thus increasing the customer lock-in. In this case, the 
benefits and costs are clearly two sides of the same coin. 
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3. EFFECTS OF SMART METERS ON ELECTRICITY PRICES 
AND EXPENDITURES 

3.1. Short and long run effects of smart meters on electricity prices 

The effects of smart meters on electricity prices depend on two factors: the net costs or 
benefits to all market participants, and the extent to which cost savings or increases by 
economic operators are passed down to the final customer. 

The impact assessment of the smart meter rollout for the domestic sector in the United 
Kingdom assumes that all cost savings are passed down to the consumers from 

 generation (lower cost generation at off-peak times); 
 network (losses, better outage management, theft);  
 transmission (load shifting); 
 other industry parties (customer switching rationalisation) [DECC 2011b]. 

Without going into more detail, the impact assessment argues that this is due to the 
pressures of the competitive market on suppliers and the regulatory regime for networks. 
In general, [Conchado Linares 2010] supports this view, with respect to benefits arising in 
distribution. However, the paper emphasises that these “would be earned by distribution 
companies in the short-term, and would be transferred to customers in the long-term 
through lower access tariffs”. The authors essentially argue that the regulatory regimes 
governing electric networks in general include procedures that delay the passing on of costs 
or benefits by several years. The benefits in generation would be transferred directly 
without delay. 

[Faruqui et al. 2009] make an estimate of the total costs and benefits of a rollout of 
smart meters in the EU, estimating costs at €51 billion. This is contrasted to an 
estimated benefit in the electricity system between €26 to 41 billion, “leaving a gap of €10 
to 25 billion between benefits and costs.” [Faruqui et al. 2009] 

This is discussed by [Haney et al. 2011]: “These numbers are important. They illustrate 
that there is in general a gap between the overall costs of a smart metering system and the 
total operational benefits of the system. Demand-response benefits from smarter pricing 
are fundamental to the cost effectiveness of smart metering investments.” Unfortunately, 
[Faruqui et al. 2009] neither provide details of the calculation of the estimates nor do they 
discuss the timeline for costs and benefits and the calculation of net present values.  

The UK impact assessment provides a detailed timeline for costs and benefits resulting in 
net costs during the rollout, and net benefits thereafter [DECC 2011b]. Assuming that all 
economic operators pass down all costs and benefits to the consumers, the price impact of 
smart meters in the domestic sector “per unit of energy (i.e. the impact before energy 
savings are accounted for) is expected to be positive during the mass rollout period. Once 
the mass rollout is complete, cost savings to businesses arising from the rollout are 
expected to outweigh total costs, resulting in the price impact becoming negative from 
2021.” [DECC 2011b]. As mentioned above, the UK impact assessment assumes that all 
costs and benefits are passed on to the final customers so that there is an assumed one-to-
one relation of costs or benefits to the generators, distribution companies etc. and the final 
customers.  
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Table 3 shows the price impacts on domestic energy bills per kilowatt-hour of electricity 
[DECC 2011b]. For comparison, the average per unit electricity price in 201111 is 
140 £/MWh (168 €/MWh). T 

hus, the highest additional cost of 1.96 £/MWh (2.35 €/MWh) in 2017 is equivalent to 
around 1.4% of the average unit price, whereas the highest benefit of 1.30 £/MWh 
(1.56 €/MWh) in 2030 is equivalent to around 0.9% [DECC 2011c]. In absolute terms, this 
would represent an annual increase of £6.5 (€7.8) in 201712 and an annual decrease of 
£4.3 (€5.2) in 2030. 

Taking into account the impact of energy savings, average energy expenditures will be 
lower starting from 2017, as compared to a situation without smart meters rollout. 
Whereas if we do not consider savings, such a decrease would not be achievable before 
2021. 

During the first years, transitional and stranding costs from the rollout, notably from the 
replacement of meters ahead of time, will be passed down to customers. Energy savings 
will only be realised by those customers who have already received a smart meter. From 
2017 onwards, most customers will start realising the benefits, and transition and stranding 
costs will decrease. For the average customer, this implies a reduction in annual energy 
expenditures. 

Table 3: Price impacts on domestic energy bills per kWh 

 
Source: [DECC 2011b] 

                                          
11  Provisional estimates. 
12  Following [DECC 2011c] in assuming an average annual consumption of 3,300 kWh. 
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3.2. Electricity price fluctuations under different pricing regimes 

Smart metering allows for different types of tariff schemes for customers: 

 Time-Of-Use (TOU), setting different prices for fixed times over the day, possibly 
differing for working days and weekends. 

 Critical Peak Pricing (CPP), which combines time-of-use tariff elements with different 
prices depending on the day of the year; the assignment of critical peak days with 
the highest prices is done as they arise. The tariff usually specifies the maximum 
number of critical peak days per year, and the minimum advance notice time. 

 Real Time Pricing (RTP), transmitting price information to the consumer in real time 
allows them to respond by consuming more or less electricity depending on the price 
at every time interval for which prices are fixed [Batlle Rodilla 2008], [Kester et al. 
2009]. 

The German “Intelliekon” project, which started in 2008, has analysed energy savings 
potentials of private households through smart meters. This included a comparison of a 
fixed single tariff with a two-rate Time-Of-Use tariff [Klobasa et al. 2011]. The peak hour 
price of the TOU tariff is 77% higher than the off-peak price (see Figure 5). It should be 
noted that two-rate tariffs in Germany have notably been in use for night storage heating 
for several decades; the prices for off-peak electricity in these tariffs have increased 
considerably over the past years, and switching the supplier is practically impossible as in 
practice only the local supplier offers two-rate tariffs. A TOU tariff with four price levels is 
offered locally by Stadtwerke Bielefeld in Germany; here, prices vary between 14.21 and 
25.11 €c/kWh [SmartRegions 2011]. 

Figure 5: TOU tariff applied in the Intelliekon project 

 
Source: Ludwig-Bölkow-Systemtechnik based on [Klobasa et al. 2011]. 
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In Finland, distribution system operators (DSO) are required by law to support time-of-use 
tariffs, which are widely applied. Electrical heating is widespread with TOU control. This has 
flattened the national load curve in the order of 1,000 MW peak [Kester et al. 2009]. 

Implemented examples of domestic TOU tariffs with only two rates are the “Economy 7” 
tariff in the United Kingdom, Spain’s “interval tariff” or “offerte biorarie” in Italy [Batlle 
Rodilla 2008]. A large number of suppliers offer such two-rate tariffs. These vary slightly in 
the definition of peak and off-peak hours as well as more notably in the differences 
between peak and off-peak prices, and their level relative to single tariff prices. Consumers 
can check tariff details on specific websites for each country, comparing the different tariffs 
offered by the suppliers. 

The Tempo tariff of EDF in France, launched in 1995, which is offered to private and small 
business customers with a minimum capacity of 9 kW, is an example of a CPP tariff. By 
2008, Tempo had attracted 350,000 residentials and over 100,000 small business 
customers [Batlle Rodilla 2008]. 

Tempo has a TOU element that defines peak and off-peak hours of the day. In addition, 
three different types of days are defined: blue (cheapest), white (medium price) and red 
(most expensive). The colour of the day is announced the previous day around 5:30 pm. 22 
red days between November 1st and March 31st, 43 white days mainly between October and 
May, and 300 blue days (all Sundays are blue) are defined.  

Figure 6: EDF’s “Tempo” CPP tariff: blue, white, red peak and off-peak prices 

 
Source: Ludwig-Bölkow-Systemtechnik based on [EDF 2012]. 

 

Figure 6 shows the six different prices according to time of day and the “color” of the day. 
Most notable is the difference between the blue and white peak prices on the one hand and 
the red peak price on the other hand, which is a factor of four to six higher.  
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The difference between peak and off-peak prices on “blue” and “white” days is only 20%.  

This compares to the standard single tariff by EDF with an electricity price of between 
0.1181 and 0.1211 €c/kWh, which encompasses the white peak price of the Tempo tariff of 
0.1195 €c/kWh.13 

Within the EDF Tempo tariff “the provision that has prompted greatest discontent is the 
existence of consecutive red days.” [Batlle Rodilla 2008]. Figure 7 displays the distribution 
of blue, white and red days in 2009/2010 as provided on the EDF website. Up to five 
consecutive red days were defined with a subsequent white day on Saturday. In such a 
situation, it is notably much more difficult to shift consumption and save money than in a 
situation where the most expensive red days are isolated and white or blue days allow for 
cheaper consumption. 

Figure 7: EDF’s “Tempo” CPP tariff: blue, white, red days in 2009/2010 

Notes: ‘S’ – Saturday (Samedi), ‘D’ – Sunday (Dimanche). 
Source: [EDF 2012]. 

 

Real-time pricing is offered by certain electricity retailers in Norway. The Norwegian final 
customer prices are composed of a grid tariff and a power tariff. The grid tariff is paid to 
the local grid operator and is fixed for each customer in a geographical region. In 2007, the 
average grid tariff for household customers was 40.70 øre/kWh (5.3 €c/kWh)14 [Norwegian 
Ministry of Petroleum and Energy 2008]. Grid tariffs may have strong temporal variations, 
e.g. similar to TUO tariff as shown in Figure 5 [Ericson 2006], which are not taken into 
account in the present analysis for lack of comprehensive information. 

The power tariff is offered by various electricity retailers operating in a liberalised market 
setting. Some of these offer a power tariff, charging the spot price at the Nordic power 
exchange averaged over certain periods. As an example, Fortum offers the “espot tariff”15 
based on monthly average spot market prices (see Figure 8). For 2011, these varied 
between 23.81 øre/kWh (3.1 €c/kWh) in September and 71.73 øre/kWh (9.3 €c/kWh) in 
January with an average price of 46.89 øre/kWh (6.1 €c/kWh)16. In 2010, prices were 
generally high going up to 83.49 øre/kWh (57.7 €c/kWh), with a smaller spread between 
minimum and maximum.  

                                          
13  These are state regulated tariffs. Please see [Altmann et al. 2010]. 
14  This is a value calculated from fixed annual components and variable components per kWh consumed, 

assuming an average 20,000 kWh annual consumption. 
15  See www.fortum.no/no/Strom-Privat/Stromavtaler/stromavtalen-eSpot. 
16  This represents a 30% premium on the Nordpool spot market price. 
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Thus, for 2011, the household price including grid and power tariffs fluctuated around an 
average price of 87.59 øre/kWh (11.4 €c/kWh), with a maximum price of 112.43 øre/kWh 
(14.6 €c/kWh) and a minimum price of 64.51 øre/kWh (8.4 €c/kWh). This is equivalent to a 
relative fluctuation of ±27% around the average. 

Figure 8: Fortum’s “espot” RTP tariff in Norway based on monthly average spot prices 
including average grid tariff 

 
Source: Ludwig-Bölkow-Systemtechnik based on [Norwegian Ministry of Petroleum and Energy 2008] and 
www.fortum.no/no/Strom-Privat/Stromavtaler/stromavtalen-eSpot 

 

Some electricity retailers also offer a power tariff, charging the spot price at the Nordic 
power exchange Nordpool17 on an hourly basis – related to hourly metering 
[SmartRegions 2011]. Assuming a price premium of 30% on the Nordpool spot price for 
Oslo, which gives a good fit of actual tariff prices to wholesale spot prices, and assuming 
average grid tariffs, such a tariff results in an average price of 11.4 €c/kWh (as above for 
monthly averages) for household customers in 2011. Price fluctuations, however, are 
±53% around this average, or between 5.5 and 17.5 €c/kWh.  

As can be seen from Figure 9, these fluctuations have a pronounced seasonal variation. In 
the case of Norway, the fluctuations show a very modest hourly variation. In Norway, this 
is due to the strong dominance of hydro power but the outcome will differ in most MS 
where electricity generation is dominated by conventional plants. On the other hand, with 
the increase of fluctuating renewable electricity generation, variability will change (see 
chapter 4.1). 

 

                                          
17  See www.nordpoolspot.com. 
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Figure 9: Norwegian RTP tariff model based on hourly spot prices including average grid 
tariff 

 
Notes: Tariff model based on the average grid tariff for Norway and Nordpool spot market prices. 
Source: Ludwig-Bölkow-Systemtechnik based on [Norwegian Ministry of Petroleum and Energy 2008] and 
www.nordpoolspot.com. 

 

The impact of fluctuations onto tariff, caused by spot prices of electricity, will vary across 
Europe. The higher the relative share of the grid tariffs and other fixed charges, the lower 
will the fluctuations be in relative terms. As an example, WEMAG in the German city of 
Schwerin, offers a RTP tariff based on hourly spot prices at the Leipzig Energy Exchange18. 
Here, fixed charges currently are 15.81 €c/kWh. The wholesale spot market price was 
between -2.045 €c/kWh and 13.179 €c/kWh in 201019. The total tariff thus varies by +49% 
and -35% around the average of 21.1 €c/kWh. 

Concerning demand side management, risks may arise from the end-user side, as it will 
increase the complexity in the electricity system, e.g. in terms of increasing the number of 
active loads. With smart metering – and subject to the pricing regime – the decision for 
action or no-action is taken individually. Those acting within this system neither have 
knowledge about other participants’ behaviour nor are they required to enter a negotiating 
process regarding each participant’s actions. If not properly designed, load and 
consequently price fluctuations can increase. On the other hand, small consumers have 
always acted in an uncoordinated manner without having knowledge of others’ behaviour. 
The new aspect here is that, thanks to real-time feedback of the actual load situation, there 
is a certain level of co-ordination through a unidirectional information flow.  

If many consumers react to such information in a co-ordinated manner, the coincidence 
factor of load changes increases significantly and the electric system may face strongly 
increased fluctuations of load [Lehnhoff et al 2011].  
                                          
18  See www.wemag.com/produkte/wemioboerse/index.php. 
19  Plus 19% VAT when applied to the tariff. 
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[Clements et al. 2011] investigate the impacts on the grid operation in western US of mass 
drops of load or of rapidly turning off and on large quantities of smart meters. If such 
incidences do not affect the reliable operation of the electric system, they can nonetheless 
cause additional costs by requiring significant amounts of balancing power. 

Slower changes in load induced by reactions of consumers to price signals in variable tariffs 
will reduce demand peaks or increase demand in off-peak periods. It is theoretically 
possible that demand response is so strong that demand growth/reduction may lead to 
an overall increase in electricity prices rather than a decrease. This would be the case if 
reduction during peak hours was drastic, and increase during off-peak hours was so strong 
that increased prices during off-peak hours would more than outweigh reduced prices 
during peak hours. Evidence from large-scale trials indicates that such a situation is very 
unlikely: The Energy Demand Research Project in the UK, which involved around 60,000 
households in several trials, came to the conclusion that the magnitude of shifting was up 
to 10% [Ofgem 2011]. The study notes that in the UK neither heating is typically done 
based on electricity, nor is air conditioning widespread, which limits the level of 
consumption reductions or load shifts. Minimum load for the whole of the UK is typically 
35% lower than the maximum load on the same day. With private and small business 
customers representing a limited share of overall demand, and assuming them to shift load 
by 10% in their entirety, the increased minimum load would still be below average load, 
and the reduced maximum load would still be above. Thus, an over-reaction of the system 
is highly unlikely. 

Stronger responses up to a 45% reduction in demand on maximum load days have been 
reported in France [Giraud 2004] (see also chapter 3.3). Here electric heating is prevalent. 
Consequently, the strongest demand reduction is recorded at lowest temperatures when 
demand is highest. It should be noted that the Tempo tariff is applied by customers which 
have selected it rather than by a representative sample of customers. Thus, demand 
response may be stronger than for average customers. 

In a liberalised market, it can be anticipated that many different tariffs will be offered to 
the end customers in a similar fashion as mobile and landline telephone tariffs. As a 
consequence, changes in tariffs offered based on competition, but also based on the 
demand response by the customers are likely to result in a continuous dynamic 
development – tariff structures and prices may continue to evolve without coming to a 
stable situation. As discussed in chapter 3.3, overall electricity savings are limited, but load 
shifting through smart meters in combination with flexible tariffs may be more significant. 
For TOU tariffs this may mean that both definitions of peak and off-peak times (and further 
differentiation) may change as well as price levels attributed to these time slots. 
Conversely, for RTP tariffs based on hourly spot market prices, no changes of the tariff 
structure would be required as the consumer response is directly represented in the spot 
market prices. Nonetheless, consumers have the chance to switch to a different tariff or 
supplier so that a dynamic development of tariffs and prices may occur depending on the 
switching behaviour of the customers. Given that the initial framework varies in all MS, 
tariff structures and prices may become even more diverse than today. 
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3.3. Changes in electricity expenditures 

Smart meters notably allow consumers to manage their electricity consumption much more 
in detail. Demand response allows reducing overall electricity consumption on the one 
hand, and shifting electricity consumption from high price to low price periods on the other 
hand. Both strategies allow for reducing electricity expenditures.  

If we exclude energy savings, costs tend to outweigh benefits (see chapter 3.1), so that 
energy savings and/or load shifting is required to make the balance positive for the 
customer. 

Studies in various European countries indicate an electricity savings potential in 
households from the introduction of smart meters of a low percentage. There is no clear 
evidence of the reasons for different results in the various trials. Trial setup, client base, 
typical customer behaviour and consumption level and many more variables differ between 
the trials. Also, analysis methodologies differ, e.g. ex-ante versus ex-post evaluation, 
controlled experiment versus before-after comparison of participants’ electricity 
consumption, definition of control and treatment groups etc. [Schleich et al. 2011]. As 
discussed at the end of this section, the interaction of the smart meter operator with the 
customers also has a significant influence. 

The German Intelliekon project has measured electricity saving of 3.7% through the 
implementation of smart meters [Schleich et al. 2011]. An additional savings potential of 
6.1% has been found for time-of- use tariffs [Klobasa et al. 2011]. Whether these savings 
are one-time or stable over the years requires empirical foundation over longer time spans, 
but indications are encouraging. Results from the EPDR large-scale programme in the UK 
indicate that electricity savings of 0 to 11% were persistent to the end of the individual 
trials, which lasted up to 20 months. These trials in the UK from 2007 to 2010 included 
different combinations of measures and explored the responses of around 60,000 different 
households. In spite of the large number of participants, these are not directly 
representative of the UK population [Ofgem 2010]. 

The Austrian cost-benefit analysis assumes an average 3.5% savings for households and 
small businesses [PricewaterhouseCoopers 2010]. Another cost-benefit analysis for 
Austria20, assumes average savings of 1.8% for households and small businesses 
[Capgemini 2010]. The UK cost-benefit analysis assumes an average 2.8% savings for 
households [DECC 2011b]. 

Figure 10 shows the savings by time-of-day. It is obvious that during peak times savings are 
large, but significant savings also occur during off-peak hours. 

                                          
20  Commissioned by Oesterreichs Energie, previously Verband der Elektrizitätsunternehmen Österreichs (VEÖ), 

an independent advocacy group for the Austrian electricity industry including electricity generators and grid 
operators. 
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Figure 10: Timeline of savings for a TOU tariff applied in the Intelliekon project 

 
Notes: “Einsparverlauf” – timeline of savings, “Einspareffekt” – savings, “Hochtarifzeit” – peak time, “Stunde” – 
hour. 
Source: [Klobasa et al. 2011]. 

 

[Ofgem 2011] notes that TOU tariffs can bring about energy savings, but that evidence is 
mainly from studies in hot regions with air conditioning, or from cold countries with 
electric heating, while in the UK, no savings could be detected in the large EPDR 
programme. [Kester et al. 2009] support this line of thought, transferring it to load 
shifting: “In Scandinavian countries there is much electrical heating and therefore a lot of 
potential for real time pricing and other types of demand response. In countries with 
summer peak, as in southern Europe, air conditioning and cooling loads also have much 
potential for real time pricing. In other parts of Europe, there seems to be less scope for 
load shifting among domestic consumers. Moreover, most households have gas heating, 
while almost all the rest use off-peak electricity, oil or solid fuel for their heating. In short, 
opportunities for reducing peak usage seem to be limited. Nevertheless, time-of-use or real 
time pricing may become more important as part of more sophisticated demand response 
policies and as more air-conditioning or distributed generation come on stream.” 
Consequently, it is important to be aware of the specific differences between MS. 

[Capgemini 2010] assumes load shifting to be marginal for Austria. [Klobasa et al. 2011] 
have measured load shifting of 2% of electricity consumption21. The UK EPDR programme 
estimates a shifting effect of up to 10% [Ofgem 2011]. 

In qualitative terms, TOU tariffs should represent a limited risk of increased expenditures, 
and a limited potential reward. CPP tariffs are moderate in both terms, and RTP tariffs 
pose the highest risks while offering the highest potential reward (see Figure 11). 

                                          
21  This is not a measure of the reduction of peak load or increase of off-peak load, but of the amount of energy 

shifted from peak times to off-peak times. 
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Figure 11: Risk and reward through different pricing regimes 

Source: [Faruqui Palmer 2011] 

 

In Italy, state regulated tariffs are available to consumers, also including a two-rate TOU 
tariff. This results in the same annual electricity expenditure as the single-rate tariff if at 
least 67% of electricity consumption is in the off-peak period between 7 o’clock pm and 8 
o’clock am on working days, and 24 hours on weekends and holidays. Thus, off-peak tariffs 
are applied around 68% of the year, and peak hours at 32%, while consumption of private 
households is typically higher during peak hours. This means that an active load shift by 
consumers either automated or “by hand”, is necessary in order to make economic savings 
with such a tariff. 

In general, unregulated tariffs by suppliers on the liberalised market in Italy result in lower 
annual expenditures both for fixed tariffs and for two-rate tariffs22.  

The best two-rate tariff is around 10% cheaper, depending on the total consumption, than 
the regulated tariff. Shifting in the best tariff, an additional 13% of electricity from peak to 
non-peak hours only reduces the expenditures by 1%-2.5% depending on the annual 
consumption. 

French EDF’s Tempo Critical Peak Pricing tariff has resulted in a substantial reduction of 
demand on both white (15%) and red (45%) days. On average, Tempo customers reduced 
their annual electricity expenditures by 10%, and 90% of the customers were satisfied with 
the tariff [Crossley et al. 2008]. During the tariff trial between 1989-1992, 59% of the 800 
pilot customers gave feedback that they had made savings [Giraud 2004]. 

Reduced expenditures are based on different metering, communications and load control 
equipment installed on the customer's premises, ranging from an electronic interval meter 
over dual energy space-heating boilers that can be switched from one energy source to 
another, load control equipment which is able to adjust space heating and water heating 
loads according to the electricity price to a sophisticated energy controller of the electrical 
loads. 

A simulation by [Faruqui Palmer 2011] of a representative sample of households from a 
large urban utility in the US on a CPP tariff, resulted in roughly half of the households 
having lower and half having higher expenditures. Reductions and increases of 
expenditures were asymmetrical, however, from -5% up to +10% (see Figure 12).  

                                          
22  See e.g. www.qualetariffa.it/confronto-offerte-elettriche-biorarie-enel-eni-edison.  
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For RTP tariffs, the spread of negative or positive changes to the expenditures may be 
expected to be even more pronounced than for TUO or CPP tariffs as described by Figure 
11.  

Figure 12: Distribution of decreased or increased expenditures based on a CPP tariff 
compared to a cost-neutral fixed tariff in the USA 

Source: [Faruqui Palmer 2011] 

 

A detailed modelling of the impact of different flexible tariffs on annual expenditures of 
German households by [Nabe et al. 2009b] comes to the following results: 

 A two-rate TOU tariff will lead to annual savings of between 1.6% and 3.2% 
compared to a standard fixed tariff; 

 A three-rate TOU tariff will lead to annual savings of between 1.8% and 3.5% 
compared to a standard fixed tariff; 

 A CPP tariff will lead to annual savings of between 1.7% and 3.7% compared to a 
standard fixed tariff; 

 RTP tariffs were not modelled. 

[Ofgem 2010] emphasises that “smart metering was demonstrated generally as a 
necessary enabling platform for behaviour change measures”, notably aimed at energy 
savings and demand shifting. However, the impact of the introduction of smart meters 
“depends on the detail of deployment. […] Savings are not guaranteed simply by 
implementing an intervention” such as providing energy savings brochures or a web-based 
system. Defining target groups and specifically tailoring interventions using different 
feedback channels, providing information on different levels of complexity and with 
different frequency etc. has a major influence on the energy savings and load shifts 
achieved [Schleich et al. 2011], [Staake 2011], [Ofgem 2011]. 

“While policy-makers have to date focused on rolling out smart meters, the issue of 
ensuring that suppliers offer and customers accept smart tariffs has received relatively 
little attention.” [Faruqui et al. 2009] 
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3.4. Impact on different consumer groups  

Based on the limited number of trials and analyses of smart meters, it is difficult to make 
clear statements on the impact on different consumer groups. The large Energy Demand 
Response Project (EDRP) trials in the UK have revealed limited evidence, but nonetheless 
report some findings. Most notably, smaller households are more likely to save energy 
overall and to shift consumption away from the evening peak period [Ofgem 2011]. [Götz 
et al. 2011] have developed a target group model in the framework of the Intelliekon 
project in Germany and Austria in order to allow for a more effective communication with 
consumers aimed at achieving energy savings. Four target groups are defined, which have 
different average incomes and electricity consumption levels. However, more important 
criteria are personal attitudes towards energy savings such as environmental concerns. 
[Götz et al. 2011] find that 58% of households representing two qualitatively very different 
target groups do not feel financial incentives to save electricity; these display average to 
high electricity consumption levels. Strong energy savings motivations can be observed in 
the target groups “environmentally motivated” (32% of households), which have the 
highest consumption level, “action ready” (26%) having below average consumption levels 
as well as “savers” (16%) also having below average consumption levels. No motivation for 
energy savings are reported from the “uninterested” (26%) which have average 
consumption levels. In essence, both large and small household consumers display 
significant savings motivations, while average consumers don’t according to the model. 

A modelling of the impact of flexible tariffs on different household sizes by [Nabe et al. 
2009b] (see also chapter 3.3) comes to the conclusion that a single-person household 
saves 7-28 €/yr with TOU or CPP tariffs, an average household saves 12-50 €/yr, and a 5-
person household saves 20-84 €/yr. Thus, the expenditure savings per person are 7.00-
28.00 €/yr for a single-person household, 5.70-23.80 €/yr for an average household23, and 
4.00-16.80 €/yr for a 5-person household. These are gross savings, without taking costs 
into account, for realising electricity savings or load shifting or for the smart meters 
themselves; net results have not been calculated by [Nabe et al. 2009b]. 

In general, the evidence base of the impacts of smart meters on small and medium non-
domestic consumers is very much weaker than that for households.  

For the UK, impact assessments have been carried out both for households [DECC 2011b] 
and for small and medium businesses [DECC 2011c]. Both impact assessments have 
assumed energy savings of 2.8%. 

Differentiated impacts by dwelling type could not be identified in the literature on smart 
metering trials. The impact of different heating systems, notably electricity-based heating 
(direct electric heating, night storage heating, heat pumps), and air conditioning systems is 
qualitatively discussed in chapter 3.2. 

Detailed analyses of the impacts of smart meters on electricity expenditures of low-
income households have notably been carried out in the USA [Faruqui et al. 2010], 
[Faruqui Palmer 2011] and Australia [McGann Moss 2010].  

The discussion of energy poverty and of energy spending of vulnerable households in 
Europe has not yet focussed on smart meters and their impact on the matter24.  

                                          
23  An average household statistically includes 2.1 persons in Germany. 
24  Good overviews on the issue of fuel poverty and energy spending of vulnerable households are given e.g. by 

[Jamasb Meier 2011] and [Waddams Price 2011]. In the UK, households that spend more than 10% of their 
incomes on energy are officially defined as fuel poor, while a household is considered vulnerable if some of its 
members are children, elderly, sick or disabled. Currently, 4 million households in the UK are considered fuel 
poor, of which 80% are vulnerable households [Jamasb Meier 2011]. 
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It is thus highly recommendable to carry out such analyses, which may be expected to 
reveal significant differences between MS. 

The UK impact assessment of smart meters notes: “No analysis [of the impact of flexible 
tariffs on electricity expenditures of low-income households; the editor] has been done 
in a UK context, however anecdotal feedback from suppliers is that low-income customers 
on average tend to have flatter usage profiles and hence would benefit from taking up 
time-of-use tariffs through bill reductions even without changing their consumption 
patterns.” [DECC 2011b]. For this statement it is assumed that the time-of-use tariffs are 
designed to be cost-neutral to the existing tariffs for the average consumer, i.e. an average 
consumer switching from the existing tariff to the TOU tariff will not see any changes in 
electricity expenditures. 

The US experience, according to [Faruqui et al. 2010], [Faruqui Palmer 2011], shows that 
the majority of low-income households in the USA would benefit from a cost-neutral 
introduction of flexible tariffs (which require a smart meter to be installed) already without 
saving electricity and/or shifting load from peak to non-peak hours. “Because the low-
income customers tend to have flatter load shapes, roughly 65 percent of the low-income 
customers were immediately better off on the CPP rate than on the flat rate. In other 
words, even without any change in electricity usage, more than half of low-income 
customers benefit from a dynamic rate” (see Figure 13) [Faruqui Palmer 2011]. Inverting 
this finding, 35% of low-income households saw increasing electricity bills without energy 
savings or power shifts. This demonstrates that there is no simple answer of the type 
“low-income households will be better (worse) off with smart meters and flexible electricity 
tariffs”. It is noteworthy that the biggest reductions and increases of expenditures of low-
income households are more pronounced than those of the representative household 
sample (see Figure 12). 

Figure 13: Distribution of decreased or increased expenditures based on a CPP tariff 
compared to a cost-neutral fixed tariff in the USA for low-income households 

Source: [Faruqui Palmer 2011]. 

 

Rather, some low-income households will benefit and others will have negative 
impacts depending on consumption patterns and responsiveness.  
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On the one hand, this calls for detailed analyses for Europe of the percentage of low-
income households to benefit or not as well as the bill increases to be expected, and on the 
other hand a political decision on whether increases of a certain share of low- income 
households would be acceptable or how they could be protected. 

In addition, [Faruqui Palmer 2011] presents evidence that low-income households in 
fact are responsive to dynamic tariffs. However, of ten programmes reviewed by 
[Faruqui Palmer 2011], some show rates of responsiveness by low-income households 
which are lower than those of average consumers. [IEA 2011] reports that “in many pilot 
projects, including the PowerCents DC project in Washington, DC, lower-income customers 
have signed up for the programme at higher rates than others, and have responded to 
price signals.” 

[Ofgem 2011] notes that the EDRP trials provided indications that fuel poor households 
generally showed more positive responses to interventions involving smart meters, which 
is attributed to a greater motivation to save money. [Jamasb Meier 2011] reports that 
those low-income households in Germany which receive welfare have significantly higher 
heating energy expenditures if these are fully covered by the benefit payments. It seems 
plausible to assume that a similar lack of financial incentives may exist also for electricity. 
Here, the incentive should be with the authority making the welfare payments, but action 
seems to be very limited thus far. A positive example of action targeted towards low-
income households is the requirement of the UK energy savings obligations to achieve half 
of the savings with low-income households [Lapillonne 2011]. Energy savings obligations 
established in several MS and discussed on European level may find an interesting new 
type of solutions with smart meters.  

As reported in chapter 3.1, the UK impact assessment assumes that all cost reductions of 
economic operators are passed down to the consumer. In the Australian state of 
Victoria, a smart meter rollout was started in mid-2009 with the objective of finalising it 
by 2013 for all private and small business electricity customers below an annual 
consumption of 20 MWh.  

In this liberalised market, the fixed annual advanced metering infrastructure (AMI) charges 
to the customers are approved by the Australian Energy Regulator. [McGann Moss 2010] 
reports that fixed annual metering charges have increased from 2009 to 2010 by an 
average AUS-$68 (€84). These increased charges will approximately be sustained at least 
until 2015 based on existing approval by the Australian Energy Regulator. Even if costs and 
benefits depend on the rollout strategy as noted by [Haney et al. 2011], which has a very 
short time frame in Victoria compared to e.g. the UK, such increases seem to be 
incompatible with the results of the UK impact assessment. It may be questioned whether 
benefits of the distributor who is in charge of metering in Victoria are passed down to the 
customers, and whether a cost optimal rollout strategy has been chosen. 

With respect to low-income households, this significant increase in annual charges in the 
order of the one-off price of a smart meter represents a significant additional financial 
burden which is very difficult to offset by cost savings through load shifts and energy 
savings [McGann Moss 2010]. 

It needs to be emphasised here that the situation of low-income households in the USA 
and in Australia, respectively, is in several ways different from the situation in European 
MS, e.g. with respect to the definition of low income, the amount of electricity consumed by 
typical low-income households, the living standard, the fact that US electricity markets 
have a monopoly structure, etc.  

 40 PE 475.093 



Effect of smart metering on electricity prices 
 

Also within Europe, differences between MS may be significant. A study for Bulgaria from 
2003, which certainly does not describe the current situation any more in quantitative 
terms, but may be mentioned nonetheless as a qualitative example, notes that the lowest-
income households have electricity consumption levels which are so low that energy 
efficiency measures would have no significant effect [MUNEE 2003]. 

The Commission for Energy Regulation of Ireland notes with respect to fuel poor and 
vulnerable customers: “Smart metering could also provide information to social services 
that would enable the support of vulnerable customers, either through the provision of 
restricted supplies at times of financial hardship, or simply by monitoring the status 
of their supplies.” [CER 2007]. 

An aspect that needs to be considered with respect to low-income households is the fact 
that prepayment meters are commonly installed in some MS, and notably in low-income 
households [Kester et al 2009]. According to [Haney et al. 2011], conventional prepayment 
meters are significantly more costly than credit meters. For the UK, basic credit meters cost 
£7-8 while basic prepayment meters cost £45-50. Smart meters, depending on 
functionality, cost between £25 and £80. Thus, compared to a basic prepayment meter, 
smart meters, depending on functionality, are £20 cheaper or up to £30 more costly. 
[Haney et al. 2011] note: “The costs of basic prepayment meters are substantially higher 
for both electricity and gas than their credit counterparts. In fact, this has been a strong 
driver for the rollout of more advanced meters in Northern Ireland where prepayment is 
prevalent.” In conclusion, the regular replacement of prepayment basic meters by smart 
meters represents either a cost saving or only a small additional cost, with all benefits of 
smart meters in addition. Replacing basic prepayment meters before the end of their 
regular time-of-use still entails sunk costs for accelerated depreciation and additional costs 
for labour efforts. 

Presenting feedback received on a public consultation, the Commission for Energy 
Regulation of Ireland reports one comment: “Vulnerable groups who are incapable of 
changing their consumption patterns would need to be protected from the impact of large 
price differentials.” [CER 2007]. 

The previous discussion lends itself to two major recommendations: 

1. It is strongly recommended to carry out analyses of the impacts of smart meters on 
electricity expenditures of low-income households in Europe, taking into account 
differences between MS. 

2. Decisions at MS level should consider implementing measures to protect low-income 
households from potential adverse financial impacts of smart meters.  
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4. EFFECTS OF SMART METERS ACCORDING TO DEMAND 
AND SUPPLY PATTERNS 

The analysis of the effects of smart meters depending on demand and supply patterns 
builds on the results of the previous chapter. The main effects of smart meters to be taken 
into account here are overall reductions of electricity consumption as well as more notably 
load shifts away from peak times. Operational aspects covered in detail in cost-benefit 
analyses are independent of the electricity generation structure and are thus not included 
in this discussion. 

4.1. Effects of smart meters under different energy mixes 

The effects of smart meters are discussed for two different energy mixes, one based 
primarily on conventional (dispatchable) power plants, and one with a high share of 
fluctuating renewable energies. These two generation mixes are two extremes where the 
differences between the impacts of smart meters can be expected to be largest. 

In an electricity generation mix based primarily on conventional (dispatchable) power 
plants, load shifting allows for short-term (direct) effects on generation costs as well as for 
longer-term (indirect) effects on investment decisions for power plants. 

In the short-term, load reductions or increases have an effect on electricity generation 
costs through the merit order effect (see for example [Altmann et al. 2012]). The merit 
order effect is a result of the formation of electricity prices in deregulated markets. The 
price at a given point in time is formed where the supply and demand curves intersect and 
thus reflects only the marginal variable costs of electricity generation. These are practically 
zero for fluctuating renewables (solar, wind, hydro power, ocean energy etc.), low for 
nuclear power plants, and higher for CHP plants, condensing plants (notably coal fired) or 
combined cycle plants (typically natural gas fired), and gas turbines (natural gas fired). 

Reducing the load during peak hours when power plants with high marginal costs are 
required to operate, and thus making this costly operation unnecessary, will reduce spot 
market prices for these hours. Depending on the power plant park and the load level, such 
reductions can be significant as there are step changes between different types of power 
plants. On the other hand, increasing load during off-peak hours will increase the 
generation costs through the merit order curve, but on a much lower level than during peak 
hours. Flattening the load curve has additional advantages as certain types of 
conventional power plants are not designed for quick load changes; this includes notably 
nuclear power plants, and older coal-fired plants. These technical restrictions may lead to 
negative electricity spot prices where the costs of reducing plant operation would be higher 
than continuing operation. In order to allow such so-called base load plants to continue to 
operate also during periods of low demand, which typically occur during night time, night 
storage heating had been established some decades ago in Germany. This thus represents 
the earliest example of a remote controllable load in a mass market. 
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The examples of flexible tariffs discussed in chapter 3.2 display a certain load shift effect. 
The French Tempo CPP tariff on the one hand shows that there is not only the interest to 
shift load from daytime to night time, but also to shift load over a period of several 
days (see the discussion of consecutive “red” days of very high prices above). Tempo 
customers are reported to be discontent with such requirements because this, as may be 
assumed, is much more difficult to implement than shifts by 12 hours. In France and other 
countries with significant electric heating, consecutive days of high demand typically stem 
from a high heating demand because of low outside temperatures. Shifting demand by 
several days through reduced heating is obviously reducing the level of comfort for the 
consumers, and thus requires strong incentives. 

The longer-term effect of a load flattening is indirect: Lower prices at peak hours reduce 
the income of all generators during these hours, thus reducing their contribution margin, 
which is necessary to recover the initial investment costs for the plant. This lowered return 
on investment reduces the profitability of the generator and obviously reduces the incentive 
for new investments.  

In a generation mix with a high share of fluctuating renewables, two major aspects 
change compared to conventional plants: On the one hand, renewables have zero marginal 
costs and thus in general reduce the spot market prices of electricity. [Breitschopf et al. 
2010] estimate a merit order effect from an increased share of fluctuating renewable 
electricity in the German market of €3.6-4.0 billion in 2008 for Germany. [Pöyry 2010] 
summarise their literature review of the merit order effect of renewables: “The general 
conclusion in all of them is that there is a downward movement of wholesale/spot prices, 
due to increased wind power penetration. There were instances of zero spot prices, part of 
which could be attributed to wind generation.”  

On the other hand, the production is fluctuating and not dispatchable. Therefore, 
dispatchable power plants are needed in order to guarantee the supply also in times of no 
wind and sun. As a consequence, spot market prices will be low most of the time, but may 
be extremely high during few hours per year possibly allowing operators of dispatchable 
plants to recover the initial investment [Altmann Winkler 2012]. As this cost recovery has 
to be accomplished through few very high price hours per year, the probability of which is 
very difficult to estimate, the investment has a very high risk and may thus not be made by 
market actors. Lately, an intensive debate of capacity markets, where plant operators 
receive payments for providing guaranteed power plant capacity even if the plant is not in 
operation, has developed for this reason (see e.g. [Pfeifenberger et al 2009], [Süßenbacher 
et al. 2011]). 

It should be noted that solar power has a tendency to reduce peak prices as it produces 
during the midday peak, and wind power produces to a large extent in winter when solar 
power is reduced and loads are high. [Frantzen Hauser 2012] show that peak prices at the 
EPEX power exchange in 2011 were only 11% above base prices, while they were on 
average 20-25% above base prices during the past decade. This effect was produced by 
the increased solar power production in Germany, which is highest during peak hours 
around noon. 

Nonetheless, there are periods of days or weeks when wind generation is low even in 
winter, and solar production is low as well. In such situations, the load would have to be 
shifted by weeks, which does not seem very likely to be possible. While detailed results 
unfortunately are not available, the experience with the French Tempo tariff mentioned 
above indicates a limited willingness of consumers for this. In addition, the load shift needs 
are much less predictable beyond a few days into the future than in a generation mix with 
conventional power plants. This is due to the limited predictability of wind and solar 
irradiation. 
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A supply system with more distributed generation would not imply different impacts of 
smart meters than a more centralised generation mix as long as the required grid 
infrastructure is perfect (so-called “copper plate”). In a real-world system, grid restrictions 
both on transport and distribution level will exist, and demand response programmes based 
on smart meters will be an element to cope with them, which may be cheaper than grid 
extensions under certain circumstances [Altmann et al. 2012]. In a decentralised setting, 
demand response could be more effective than in a centralised generation system with 
respect to mitigating grid restriction effects.  

This, on the other hand, would require geographically differentiated price signals to be 
given to the consumers. 

4.2. Effects of smart meters under different demand patterns 

The usefulness of smart meters will likely vary depending on demand patterns, notably the 
responsiveness of demand as discussed in chapter 3.3. Most notably, the ability to shift 
load depends on the types of load in operation by the customer – the higher the share of 
discretionary load, the more load shifting is possible. For households, discretionary loads 
with the highest capacity are space heating (direct electric heating, night storage heating, 
heat pumps), sanitary water heating, and air conditioning. In Germany, night storage 
heating remote controlled by the electricity supplier for several decades, and in France the 
Tempo tariff for 15 years have shown that load shifting through direct load control or 
deliberate action by the consumer are feasible. [Ericson 2006] reports an average load 
response of consumers with a TUO tariff and automated water heater control in a large-
scale Norwegian experiment of 0.5 kW per household for typical heating capacities of 2 kW 
per boiler.  

Where these large consumer loads are not present, load shifting and thus money 
saving is more difficult to achieve. The German Intelliekon project reports load shifting of 
2% of the total electricity consumed. The majority of shifting is accomplished by shifting 
clothes washing, clothes drying, and dishwasher operation (see Figure 14). 

This shows that large loads such as heating are not only larger, but in general much more 
discretionary, or dispatchable. Therefore, large household consumers in general will have 
both higher absolute and relative load shifting possibilities, and will thus benefit much more 
from flexible tariffs than smaller consumers. Within a group of households that have similar 
appliances, smaller households tend to display higher load shifting willingness (see chapter 
3.4). 

In general, the capacity of all electric loads combined by far exceeds the generation 
capacity in any electrical system. However, not all of the appliances and other electricity 
consuming systems are consuming at the same time, which prevents the system from 
breaking down. This is described by the coincidence factor, which calculates how much 
load is active at the same time. This can be defined for specific loads in order to describe 
certain subsystems. 
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Figure 14: Frequency of different load shifting activities in the German Intelliekon project 

 
Notes: Results of the final interviews in a TOU tariff scheme experiment with 57 households. 
Source: Ludwig-Bölkow-Systemtechnik based on [Klobasa et al. 2011]. 

 

Battery electric vehicles (BEVs), the commercialisation of which has just started and 
which are anticipated to achieve growing shares of the car market, are recharged from the 
existing electric grid and are thus an additional load. Depending on the concepts of a to-be-
developed vehicle recharging infrastructure, the coincidence factor of BEV recharging may 
be relatively high. [Birnbaum et al. 2009] have analysed this for the German electricity 
system, developing several scenarios. Assuming 1 million BEVs in operation, which would 
be equivalent to 4% of the present vehicle population, the recharging load would be 
between 1.3 and 4 GW, while the additionally available generation capacity may be as low 
as 2 GW25. Both, peak demand and lowest additional generation capacity are at different 
times of day during a typical winter day. Nonetheless, at around 5 o’clock pm the vehicle 
recharging load is very close to the available generation capacity in a situation where 
vehicles are free to recharge whenever the driver decides (see Figure 15). More BEVs on the 
road would overload the system in this scenario and would lead to its breakdown. It needs 
to be noted in this context that the energy consumed by the vehicles is as low as 3 TWh 
per year equivalent to the consumption of all clothes dryers in Germany, i.e. it is rather 
marginal. 

                                          
25  This analysis represents the situation in the German electricity system in the year 2005. With the decision to 

end nuclear power in Germany in 2011 and the increase in fluctuating renewable capacity since then, the 
situation has become rather more critical. 
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Figure 15: Analysis of unused additional generation capacity and recharging load of 1 
million battery electric vehicles in Germany 

 
Notes: Scenario ‘uncontrolled’: vehicles are recharged whenever the driver decides; ‘grid-controlled’: the grid 
operator decides when to recharge the vehicles based on the availability of sufficient generation capacity. 
Source: Ludwig-Bölkow-Systemtechnik based on [Birnbaum et al. 2009]. 

 

This assessment shows that it is of primary importance for the viability of this developing 
market that BEV recharging is organised in a co-ordinated fashion. Here, smart meters 
could play an important enabling role. [EGFTF 2011] notes: “Ensuring stability of the grid 
requires also the build-up of communication and control systems for the power transfer 
between the grid and the vehicles.” [EGFTF 2011b] details that “a large-scale rollout of 
electric vehicles would have an impact on the electricity system load and foster the 
development of more intelligent distribution grids (‘smart grids’) capable of moderating 
such impact.”26 

In an electricity system with increasing shares of fluctuating renewable generation, 
controlled recharging of electric vehicles becomes even more important, and represents an 
opportunity to support the integration of renewables into the grid [Altmann et al. 2012]. 

                                          
26  Discussions even go beyond this under the headline of “vehicle-to-grid – V2G”: In addition to BEVs being a 

controllable load, they could in principle also feedback electricity into the grid acting as an electricity storage 
system. The analysis above shows, however, that the capacity to store energy is rather limited. Impacts on 
battery lifetime, consumer warranty and user acceptance are subject to further research, and challenges may 
prevail over the benefits. 
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Electric mobility based on hydrogen Fuel Cell Electric Vehicles (FCEVs) has similar 
features as BEV mobility with hydrogen production from electricity. A significant difference, 
however, is the fact that electricity is consumed by stationary hydrogen generating 
electrolysis systems.  

These, in contrast to vehicles, are always connected to the grid, the number of “smart grid” 
elements involved in demand response is significantly lower, installed power capacities are 
significantly higher27 and transaction costs are thus lower compared to BEVs. In the long-
term and assuming full infrastructure deployment, the number of hydrogen refuelling 
stations is expected to approach 20,000 covering the whole of Europe [Coalition 2010]. The 
commercialisation of FCEVs therefore represents an important opportunity for demand 
response and thus grid integration of fluctuating renewables. 

                                          
27  Installed per-unit capacities of hydrogen generation plants are in the megawatt range. 
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5. ISSUES WITH SMART METERING AND REQUIREMENTS 
FOR ELECTRICITY PRODUCED IN THE CONSUMERS’ 
PREMISES 

The introduction of smart meters requires a paradigm shift in the energy industry, forcing it 
to move from a hardware-centric system approach towards a more consumer-oriented 
approach. At the same time, the large-scale rollout of smart meters can trigger some 
unintended consequences, specifically on the consumer side. Consumer concerns related to 
the deployment of smart meters have already led to some public resistance [Task force 
Smart Grids 2011] which can be a serious threat to achieving the smart meter policy 
objectives28. Therefore, all unintended consequences linked to it should be considered and 
met appropriately from the very beginning of the rollout process.  

Section 5.1 analyses privacy, safety and health concerns for consumers, but also the 
consequences of lacking standards. Furthermore, it will consider the actual effect of smart 
meters on energy efficiency and possible effects on competition. 

Section 5.2 will look into the impact of the requirement to meter electricity produced in the 
final customer’s premises and exported to the grid as proposed in Article 8 of the EED. 

5.1. Unintended consequences 

Data protection and privacy 

A major concern that has already watered down the rollout of smart meters in the 
Netherlands and in other parts of the world is the fear of being a “transparent 
consumer”, exposed to “the possibility to discover personal information – habits, 
behaviours and lifestyles – inside dwellings and to use this information for secondary 
purposes, other than for the provision of electricity” [Pupillo et al. 2010]. Depending on the 
metering interval, the collected data can reveal behaviour patterns or the use of specific 
appliances [SEESGEN-ICT 2010 D4-3 R1-1; DaPriM 2011]. But no matter the interval, 
smart meters will create a high amount of data that can be linked back to an individual 
household. As the [DaPriM 2011] project has shown, by analysing the metering data, 
skilled analysts with adequate equipment can determine holiday periods and even the TV 
programme watched [DaPriM 2011; KEMA 2010]. From a legal point of view, the 
organisations collecting, storing and handling this data will have to comply with EU 
Directive 95/46/EC (“Data Protection Directive”)29. Despite these provisions, citizens have 
experienced infringements to their privacy in the past that were often enabled by modern 
communication technology [e.g. the “phishing” phenomenon with e-banking]. At the same 
time, the European legal framework for data protection has been undergoing a major 
review since 2009, signalling that current tools may not be up to date to handle the privacy 
risks of modern communication technology 
[http://ec.europa.eu/justice/policies/privacy/review/index_en.htm]30. 

This results in customers having the feeling of uncertainty and vulnerability and they could 
be inclined to reject smart meters all together [SEESGEN ICT 2010 D4-3 R1-1].  

                                          
28  See the introduction of smart meters in the Netherlands [SEESGEN ICT 2010, D4-3 R1-1, p. 42-44] 
29  Personal data in the sense of the Data Protection Directive is “any information relating to an identified or 

identifiable natural person” [Article 2, Directive 95/46/EC] which would apply in case of data collected from 
smart meters. 

30  The European Commission published a legislative package proposing new safeguards for personal data across 
the EU on 25 January 2012 [http://europa.eu/rapid/pressReleasesAction.do?reference=IP/12/46]. The final 
legislation may also impact the rollout of the smart meter ICT infrastructure and should thus be monitored 
closely. 
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Therefore, rules for personal data and privacy protection will have to be established; clearly 
defining what today is still unclear [Anderson et al. 2010]: 

 what data is collected (only the name for billing and the consumption data or also 
the bank details? Only the overall consumption or the consumption per appliance in 
case they are “smart”?) and how often; 

 who the owner of the data is; 
 who will have access to the data, by what means and how it will be stored; 
 what kind of processing of the data will be allowed and by whom; 
 the modalities for sharing the data with third parties. 

[SEESGEN ICT 2010, D4-3 R1-1] stresses that handling customer resistance properly 
clearly is important and that the smart meter rollout has to be well-communicated to 
consumers. Nevertheless, it will be crucial to prevent privacy infringement possibilities in 
the first place. The temptation of the collecting parties to bundle personal and consumption 
information into several different data products or engage the user directly for commercial 
gain (e.g. targeted advertising) should be addressed by appropriate regulatory measures. 
It is recommended that privacy safeguards be adopted, for instance, pseudonymisation of 
data (replacement of identifying data such as names by artificial identifiers such as random 
numbers) and disaggregation of consumption data and personal data (such as address and 
bank details) [SEESGEN ICT D4-3 R1-1]. These processes need to be made absolutely 
transparent so that consumers know who is storing their data and what this organisation is 
allowed to do with it. This is particularly important in the context of remote access that 
could be granted to utilities or third parties, e.g. for updating the metering software31.  

Data security 

Even if end-user privacy is effectively protected from abuse from the collecting side and 
consumers are confident it is enforced, a data security issue remains. The huge amount 
of data [Anderson et al. 2010] that will have to be collected and made accessible to the 
consumer in accordance with the proposed EED’s Annex VI (e.g. via internet) will have to 
be stored digitally and is exposed to the risk of cyber-attacks of hackers [KEMA 2010] and 
other32. The threat is such that the topic even made it to the most important computer 
security conference series in the world in 200933. The stakeholders collecting and storing 
the data (DSO, metering company, third parties etc.) will all have to adopt high security 
standards for their servers and networks. Only two-way communication between the device 
and the utility will deploy all the benefits associated with demand-side management, but 
the communication architecture and the smart meter device itself are a source of potential 
security threats. The entire system has to be protected by an architecture fulfilling the 
requirement of a “secure communication” laid down in Annex VI of the proposed EED. 
Several existing communication technologies could potentially fit the purpose, each of them 
with specific advantages and disadvantages [see Annex II]. At the same time, it will be 
crucial to choose communication means for the communication between the meter and the 
interface that end-users consider to be safe [Kranz 2010].  

                                          
31  The Network of DER Laboratories and Pre-Standardisation note that “The ability to remotely update the […] 

software makes it possible to keep the compatibility high over a longer period of the device life cycle. Changes 
and extensions to the existing specification or controller configuration can be done more easily. Although it 
makes the system more prone to security attacks, the maintenance and trouble-shooting will be getting much 
cheaper with remote access.” [DERlab 2009, D 2.8] 

32  The [SmartGrid Task Force Working Group 2 2011] lists service denial, unauthorised monitoring and disclosure 
of sensitive information, unauthorised modification of user or network information and network services, and 
fraud. [SmartGrid Task Force Working Group 2 2011] 

33  http://www.ioactive.com/news-events/DavisSmartGridBlackHatPR.html 
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One should insist on the point of being considered to be safe since a general lack of 
understanding of the technology can be assumed for most end-users and the subjective 
impression will be determining [IBM Global Utility Consumer Survey 2011].  

Health concerns 

The different communication technologies that are envisaged for the smart meter data 
transmission may lead to public resistance also from a different angle. Depending on the 
technology (see Annex II), consumers may raise health concerns linked to electro-
smog and electro-magnetic fields, effects that occur whenever electric current flows. 
Both in the US and Canada, strong public resistance has been observed during the rollout, 
especially in the case where so-called “collector meters” were installed to wirelessly bundle 
smart meter data from an entire neighbourhood [Futurezone 2011]. A study by the 
consulting firm SAGE Reports published in January 201134 demonstrated that the collector 
meters that had been installed in California were not compliant with security standards 
(emission limitations) of the US Federal Communications Commission (FCC), thus triggering 
moratoria to smart meter rollouts in some counties [Futurezone 2011]. 

According to the World Health Organisation (WHO), studies on adverse health effects due 
to electro-magnetic fields of different frequencies and applications have not yet led to 
conclusive results [WHO Factsheets n° 193, n° 296, n° 299, n° 304, n° 322]. At the same 
time, the recommendation of the WHO is clear: “When constructing new facilities and 
designing new equipment, including appliances, low-cost ways of reducing exposures may 
be explored”.  

The rebound, backfire and drawback effects 

When talking about unintended effects, one needs to bear in mind the actual objective of 
smart meter deployment. From a policy point of view, it serves the purpose of building a 
smart grid infrastructure but first and foremost to make energy consumption transparent 
and eventually save energy. Some research suggests that it is not only difficult to assess 
how much saving they can contribute to and by what mechanism [Sorrell 2007], but that 
an economic effect, referred to as the “rebound effect”, may diminish the net energy 
savings (see chapter 3). In the context of smart meters this would mean that consumers 
making use of the additional information and differentiated tariff offered by their utility may 
spend the saved money e.g. on an additional vacation where they have to take an airplane, 
thus producing higher energy use. In case the freed resources through energy savings are 
replaced by activities actually consuming more energy, the effect is referred to as the 
“backfire effect”. Even thorough reviews of empirical studies have trouble estimating 
exact magnitudes of the rebound effect (estimates range between 1 and 60% for 
household heating and cooling which is the most investigated field [Sorrell et al. 2009]) 
and so far, there has been no analysis focusing on smart meters. Among experts, it seems 
accepted that the rebound effect in some sectors or applications may be even higher than 
estimated. On the other hand, comparative studies suggest that there is only very limited 
evidence for an economy-wide backfire effect [Sorrell 2007]. 

With regard to all the field trials that have been carried out in several Member States, it is 
also appropriate to point to the so-called “drawback effect”, describing “the phenomenon 
in which newness of a change causes people to react, but then that reaction diminishes as 
the newness wears off” [Klopfert et al.2012]. In the context of smart meter trials, it may 
imply that energy reductions observed during the first year fade away in year 2 or 3 of the 
study. 

                                          
34  The report can be found on http://sagereports.com/smart-meter-rf/ 
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Lack of standardisation 

Some unintended consequences can also arise from the current lack of and uncertainty 
about standards for smart meters. In the to-be completely liberalised energy market in 
the EU, consumers shall be free to choose and change suppliers. As we have seen in 
chapter 1 though, the system is currently only partially liberalised and large network 
operators are often in charge of the rollout, having a free-hand in the choice of technology 
and functionalities. Additionally, devices based on proprietary technology may lead to smart 
meters not being able to be operated by a different supplier when the customer switches 
provider (lack of interoperability). In the worst case, the consumer would have to buy a 
new smart meter at his own cost to be able to change his electricity supplier. Or different 
reading companies would need different specific software to retrieve the data, making the 
procedure very costly. Standardisation and thus interoperability of the interface and the 
way smart meters communicate is thus crucial to ensure that customers can switch 
suppliers without changing their smart meter, that suppliers or metering companies don’t 
face technical barriers when interacting with smart meters installed by competitors and full 
competition is achieved [OpenMeter 2009]. Standardisation mandate M441 that was issued 
for CEN, CENELEC and ETSI in 2009 comprises both software and hardware standards for 
smart meters and is an important step towards a sustainable, competitive and consumer-
friendly rollout of smart meters in order to avoid customer lock-ins and high prices for 
demand side management. The OpenMeter projects states: “notwithstanding market 
models, it would be recommended that functional requirements for smart meters are 
established in order to guarantee minimum services for customers and reduce investment 
risk for meter operators.” [OpenMeter 2009]. 

Conflict of interests 

Another unintended consequence of introducing smart meters is rooted in the conflict of 
interest between policy goals and energy companies’ interests. If energy suppliers were to 
collect their customers’ consumption data, they could be tempted to use it for their own 
profit by selling exploitative contracts or by inducing excessive and inefficient consumption 
by whatever means. Energy suppliers also have an incentive to keep the consumption data 
they provide to their customers as opaque as possible in order to prevent competitors from 
offering tariffs that are better tailored to the customers’ needs. Generally, a competitor 
would analyse a consumer’s consumption data to find this out. 

In order to minimise the incentive for energy suppliers growing revenues through higher 
energy sales, legislators have to design incentive schemes for utilities where they can 
create revenue streams from achieving energy efficiency (e.g. energy saving obligations 
that also provide utilities with the tools to include ESCO services in their business model) 
[World Energy Council 2010]). [Anderson et al. 2010] suggest assigning an independent or 
third party energy management agent to each customer but probably less expensive 
remedies could also work: an opt-in clause for information and offering that the 
management of the metering data be done by a third party that has no interest in selling 
energy supply contracts. 

A conflict of interest persists when it comes to transparency. Governments bet on 
transparent bills and consumption data to achieve energy savings with end-users. Energy 
providers on the other hand could have an inherent interest in keeping them opaque in 
order to impede straightforward consumption analysis and thus increase their revenue 
[Anderson et al. 2010].  
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Flexible tariffs and competition 

As seen above, energy suppliers and network operators will dispose of specific data on end-
users’ consumption, their habits such as the appliances they operate the most and the time 
at which they use them. Potentially, this may lead to the risk of asymmetry of information 
and customer lock-in [Anderson 2009]. By having at its disposal a large amount of data on 
consumers’ energy consumption, a prominent supplier will have a clear advantage with 
respect to all others when it comes to the design of flexible tariff schemes. The energy 
supplier might then provide its clients with tariffs they would be unable or unwilling to 
switch away from, which would hinder competition in the energy market, discouraging the 
entry of new competitors [Anderson 2009].  

Even if tariff systems are still regulated in future, it shall be ensured that consumers are 
able to make the best choice for their individual situation.  

Lack of behavioural change 

In the end, smart meters can only make energy consumption transparent, combined with 
variable tariffs if they can provide incentive for behavioural change. But under no 
circumstances are changes in the consumers’ energy consumption behaviours to be forced. 
Initial trial periods and the possibility to opt-out - as in the case of Victoria in Australia - 
can also help the consumer to better adapt to this new framework. Thus, the national 
entities in charge of the rollout will be well-advised if they can accompany the rollout with 
official information campaigns supported by a number of stakeholders such as 
government and consumer organisations to have a common messaging and educate the 
consumers [NCC 2008; Consumer Focus 2011]. Equally, if the consumer is not in a position 
to interpret the data his smart meter provides him with, he will not take full advantage of 
his device. Thus, meter displays must make meter information easy to access and easy to 
interpret. Most importantly, data access will have to be free of charge via a user-friendly 
platform (as already proposed in the EED), as extra charges would surely be a detriment 
for consumers to monitor their situation. 

The real concern, though, is for those consumers who might be unable to change their 
consumption habits because of other constraints. It may be the case of elderly or infirm 
people who spend a longer time in their house and consequently consume more for 
heating, cooking, leisure or even health treatments. In [CER 2011b], two categories of end-
users were defined as potentially vulnerable groups. Firstly, participants in receipt of the 
Free Electricity Allowance (FEA) including both elderly, carers in receipt of specified 
allowances and individuals in receipt of specified invalidity or disablement benefits were 
classified as “FEA group”. The FEA allowance means that the recipients get a portion of 
their energy costs covered. Secondly, those households were classified as “fuel poor” when 
they stated not having “the capacity to maintain an affordable level of warmth at a level 
required for the maintenance of health and comfort”. They may lack the financial means to 
maintain their desired or needed level of consumption if they have to pay much higher 
electricity prices at peak hours. Interestingly, the trials from [CER 2011b] showed that the 
level of reduction from the FEA group is smaller relative to the overall population. It can 
thus be assumed that the FEA acts as shelter to the incentive flexible tariffs offer (mainly to 
peak time tariffs) and that consumption patterns did not change because of this. It would 
therefore be in line with the findings in Germany on heating expenditures mentioned in 
section 3.4 [Jamasb Meier 2011]. It could thus be that the FEA prevented the trial group 
from shifting their consumption, as the impact on their bill was marginal. This is particularly 
plausible since we can see that the other households, those that were defined as “fuel 
poor” in the trials but did not receive any allowances for energy, managed to shift their 
consumption (and to reduce their bill) but not to reduce their overall consumption. 
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5.2. Requirement to meter electricity produced in the final 
customer’s premises 

The proposed provision of Article 8 EED, requiring smart meters to be able to monitor 
electricity produced in the prosumers35 premises and exported to the grid36, is a novelty 
compared to Directive 2006/32/EC37 (ESD). The requirement arises from the need to 
promote smart grid infrastructures that will be manageable in an optimal way from all 
levels. At the same time it is a consumer-friendly provision that will offer customers a 
real choice without pitfalls when connecting their DG unit to the electricity grid. They will 
not have to rely on (proprietary) monitoring technology and it may also avoid costs to the 
prosumers, being able to monitor their production with the same device and through the 
same interface as their consumption. 

To get there, some of the unintended consequences discussed in chapter 5.1 are 
particularly important to address in the context of production metering. 

Lack of standards 

A crucial issue for prosumers is to make sure that they are properly remunerated for any 
excess electricity they feed into the grid and that they receive – if applicable - the correct 
amount of financial support (e.g. feed-in-tariff). This can only be achieved by production 
and feed-in volume metering. Most of the time, the technical implementation of these 
meters is the so-called net-metering functionality [ELEP 2007], meaning that a 
consumption meter runs backwards when excess electricity produced on-site is fed back 
into the grid. 

The lack of standards and thus the potentially restricted interoperability not only for 
energy consumption meters but especially for production meters is particularly problematic 
as production meters involve more components sending information that need to be 
standardised (e.g. the inverter in a PV installation). The lack of interoperability could 
aggravate the lock-in effect of customers to a provider since the replacement of a 
production meter (in case of non-interoperability) is even more expensive due to extended 
functionalities and would thus impede the market functioning. 

Privacy and data security 

The data protection issue and the secure ICT architecture of the data collection and 
transmission are even more relevant for production meters (as compared to consumption 
meters) as the risks are multiplied. Hacked or infiltrated consumption meters can be 
detected by the customer at some point, for instance, by switching off all appliances and 
closely monitoring consumption, the abnormal level of consumption would show. Since 
renewable electricity is not always produced at the same level and not always fed into the 
grid at the same level, production meter manipulation, electricity theft or fraud are 
much more difficult to detect.  

The information needed to balance a future smart grid would then be corrupted and 
eventually have dramatic consequences if the security gap is not detected. A secure ICT 
infrastructure with transparent standards should help, making this consumer-friendly 
provision of the EED a successful cornerstone for the smart grid architecture. 

                                          
35  The word “prosumer” refers to an energy consumer that – at the same time – produces energy via a 

distributed energy generation unit and has the ability to feed this produced electricity back into the grid. 
36  It will go beyond the common “net metering” functionality that basically consists in making the meter run 

backwards when excess energy from prosumers is fed into the grid. 
37  Directive 2006/32/EC  of the European Parliament and of the Council of 5 April 2006 on energy end-use 

efficiency and energy services. 
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6. POLICY RECOMMENDATIONS AND CONCLUSIONS 

The introduction of smart meters allowing demand response through the introduction of 
flexible tariffs is a crucial enabling factor for the integration of increasing shares of 
fluctuating renewable energies into the electricity grid. However, it cannot replace grid 
extensions, storage development and increased generation flexibility.  

The first conclusion that can be drawn from the analysis of the impact of smart meters on 
electricity prices is that average electricity expenditures should be lower with smart 
meters than without, starting in 2017 (see section 3.1). But particular attention will have to 
be paid to the design of the flexible tariffs in order to avoid increased load and price 
fluctuations.  

Electricity savings due to the introduction will probably be limited, but load 
shifting may be more significant due to the introduction of flexible tariffs. However, 
demand response potentials should not be overestimated, notably for those households 
which do not use electricity for space heating (direct heating, night storage heating or heat 
pumps), water heating or air conditioning. It is important to bear in mind that smart 
meters alone do not induce energy savings but that these need to be promoted through 
communication activities and information. 

Policymakers and electricity suppliers should put an increased focus on non-technical 
issues of smart meter rollout. Studies have consistently provided evidence that the level of 
energy savings and load shifts realised by the final customers depend to a large extent on 
the way smart meters are introduced, the feedback on energy consumption and information 
on savings opportunities that are communicated to the customers as well as their personal 
attitude towards consumption behaviour and the environment. 

Smart meter trials with households in different countries also show that low-income 
households are likely to benefit from flexible tariffs even if they don’t change their 
consumption levels (see sections 3.4 and 5.1). In some MS, however, low-income 
households may have absolutely no potential to save energy due to already extremely 
low consumption levels. Therefore, it will be important to carry out analyses on MS level, 
clearly showing the impact of smart meters on electricity expenditures of low-income 
households. In case these analyses show that some categories of vulnerable households 
may be worse off after the introduction of flexible tariffs and smart meters, MS should also 
foresee measures to protect these households from energy poverty or increasing 
indebtedness. 

Smart meters are expected to flatten the load curves triggering different consequences 
under different energy mix scenarios. In the case of electricity supply that is mainly 
composed of conventional, dispatchable power plants, a flattened load curve is 
advantageous. In an energy mix scenario with a high share of fluctuating renewables, 
flattened load curves may lead to bigger difficulties of cost recovery (see section 4.1). 

At the same time, the experience with certain flexible tariffs in some MS show that 
consumers are either unlikely or unable to shift load by several days or even weeks, 
especially if it is not foreseeable (as in a system of highly fluctuating renewables, see 
section 4.1).  

Studies also indicate that large consumers will benefit more from the introduction of smart 
meters and flexible tariffs than smaller ones.  

 54 PE 475.093 



Effect of smart metering on electricity prices 
 

Following up on the findings of the previous chapters, policy actions on both EU and 
national level will have to be analysed in more detail to make sure that smart meters 
deploy their entire potential for energy and financial savings and do not result in the 
weakest final consumers being worse off. As we can see different approaches being taken 
in the countries currently preparing the rollout of smart meters, possible actions at EU level 
should be discussed to avoid erecting obstacles for an internal energy market.  

6.1. Policy actions at the EU level 

In March 2011, the European Commission adopted the Communication [COM(2011) 109 
final], mostly referred to as the Energy Efficiency Plan 2011. In this document, the 
Commission acknowledges that – according to the latest data available - the EU is not on 
track to meet its energy savings target of 20% by 2020.  

As already mentioned, smart meters as such will not enable electricity savings, but - 
combined with detailed billing - they are the first step to make consumption 
transparent. In combination with flexible tariffs, they will provide consumers with the 
incentive to shift and possibly also cut their consumption. The introduction of a broad range 
of flexible tariffs will thus be decisive for the success of smart meters in energy saving and 
the EU should urge the MS to do so. 

The legislative framework that will be put in place with the EED in combination with the 
requirements of Directive 2009/72/EC is sufficiently open and detailed at the same time to 
help achieve the requirements of achieving a secure and reliable grid. Open means that the 
EED is not too restrictive, thus leaving room for individualised implementation according to 
MS’ different circumstances. But the EED provides details on the right issues as will be 
discussed in section 6.2. 

First of all, smart meters will be especially effective in enforcing transparent pricing and a 
competitive, non-discriminatory market for energy suppliers. Thus, their rollout will enforce 
consumer rights across Europe and support the objectives of an internal European 
market for electricity. Secondly, as has been shown in chapter 3, the effect on overall 
energy prices in the long run will not be significant. Thirdly, the provisions of the EED on 
smart meters are in line with the aim of deploying a smarter and more efficiently managed 
grid, which will also allow for the integration of higher shares of fluctuating renewable 
energy.  

With regard to the enabling role of smart meters for consumer information, stimulation of 
an energy efficiency services market, grid balancing, optimising grid operation costs and 
eventually energy efficiency, the EU should, however, consider the harmonisation of some 
aspects linked to their rollout. These are analysed below. 

Privacy 

With regard to privacy issues linked to smart meter rollout (see chapter 5), the EU should 
consider providing guidelines on the basis of existing privacy legislation. This would 
ensure that the privacy of European consumers is protected when smart meters are used 
on a large scale. Privacy infringements impact consumers in the same way across Europe, 
so there is a case for Europe-wide harmonisation of minimum protection provisions. It is 
important that privacy protection solutions are included in the design of the smart meter 
from the very beginning. A concept providing a framework for the early-stage inclusion of 
privacy protection is called “privacy by design” [Pupillo et al. 2010]. Adopting this 
approach for programming the devices is strongly recommended [SmartGrid Task Force 
WG 2 2011].  
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Also, introducing limits to the collection of data to the absolute necessary minimum and 
requesting MS to introduce opt-in clauses for more extensive processing of the collected 
data should be considered. Consequently, the Council of the European Union, in the annex 
to its note of the 8 December 2011 (14980/1/11), amending the European Commission’s 
proposal for a EED, introduced a provision for Member States to “ensure the safety of smart 
meters and the data communication, and the privacy of final customers”. 

Standardisation and minimum technical functionalities 

At the same time, such harmonised minimum protection provisions are needed to ensure a 
liberalised, well-functioning European internal energy market. If consumers are to choose  
their energy provider freely, and energy providers are free to offer their goods and services 
across Europe, European provisions for privacy protection in the use of smart meters will 
help bring costs for consumers and companies down.  

According to [ERGEG 2009], minimum functional requirements and interoperability of smart 
meters have direct impact on market functioning and customer choices. Cross-European 
standardisation and defined minimum functionalities are vital for all market players, 
providing them with higher investment security. Given that the appropriate standards are 
established, consumers will be given the certainty that the smart meter they are provided 
with can perform all the necessary operations required for the reading and billing, enabling 
them to gain control of their electricity use. For achieving a single European electricity 
market, basic minimum technical functionalities will help create a level playing field.  

European standards currently under development and scheduled to be available before 
the end of 2012 are a key element of consumer protection and a functioning liberalised 
market. “The risks of investing without having standards in place can be prohibitively high.” 
[Haney et al. 2011]. According to [Darby 2008], interoperability is the only possibility to 
really allow customers to switch supplier at any time. On the other hand, standards should 
be technology-neutral (as far as possible) to leave room for (future) innovation. 

European standards should also include maximum energy consumption requirements of the 
smart meter devices themselves; alternatively, it should be considered to include smart 
meters in Directive 2009/125/EC (“Eco-design Directive”) at a later stage. 

Rebound effect 

Although the rebound effect for energy efficiency is well-known today, empirical research is 
still too limited to provide us with clear estimates of the level of this effect. Smart meters 
are mostly not an end in itself but only a means to achieve energy efficiency. But rebound 
occurs when “improvements in energy efficiency actually stimulate the direct and indirect 
demand for energy in […] consumption”. Thus, a rebound effect cannot be triggered by 
smart meters directly. [Koerth-Baker et al. 2011] show that smart meters can actually play 
a role in making rebound transparent to consumers and help them realise the full 
potential of energy savings. The way consumers spend the funds freed by energy 
improvements is much harder to influence. For instance, white certificates that may result 
from the foreseen energy saving obligation schemes (as proposed in the EED) help promote 
the realisation of the full savings potential, but they cannot influence the way the freed 
money is spent. 

A report studying the evidence for an economy-wide rebound effect in the UK [Sorrell 
2007] found that “rebound effects vary widely between different technologies, sectors and 
income groups. While these differences cannot be quantified with much confidence, there 
should be scope for including estimated effects within policy.” 
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Therefore, the rebound effect needs to be taken into account when designing energy 
efficiency policies and economy-wide efficiency targets should not be over-optimistic as 
“they may not, however, reduce energy consumption and carbon emissions by as much as 
previously assumed” [Sorrell 2007]. 

6.2. Actions to be undertaken in the proposed EED 

The “predecessor” in terms of smart metering rollout in EU legislation is the Energy End-
Use Efficiency and Energy Services Directive (2006/32/EC, ESD). It already provides many 
details of how the billing must be done and what information it must contain. The EED does 
not add too many novelties to these provisions. Annex VI takes over the provisions 
regarding the understandability of the bill, the possibility to compare one’s current 
consumption with one’s consumption from the previous year and the presentation of energy 
consumption in a graphic form. The EED additionally introduces the requirement for 
monthly billing of electricity consumption. 

On the provisions for smart meters themselves, article 8 and annex VI of the proposed EED 
allows for laying the groundwork for successful rollouts of smart meters across the 
EU. The requirements detailed in the EED proposal (e.g. requirement to set minimum 
functionalities, accurate measuring, accessibility of actual energy consumption, information 
provision of actual time of use, access to data free of charge, the provision of an interface 
for the smart meter, the acknowledgement of metering information being private 
information and the requirement to use secure communication means) enable consumers 
to take action on their energy consumption and make good and safe use of smart meters, 
eventually leading to energy savings. A review of the scientific literature has however 
revealed that in-home displays (IHD) help people take full advantage of their smart meters 
[Darby 2010] and it could therefore be considered to replace “interface” by “IHD” in Annex 
VI. 

Even though energy savings do not come automatically with smart meters, the EU has 
taken into account most of the legal provisions that are recommended by experts to allow 
that savings be achieved. Nevertheless, additional actions will have to be deployed to 
increase energy savings. Here, large and prominent information and education campaigns 
on Member State level will be crucial.  

The proposed EED already provides some safeguards to consumers, thus addressing 
some unintended side-effects mentioned in chapter 5.1. The provision for Member 
States to fix minimum functionalities of smart meters will help avoid technology lock-ins 
and bring forward the adoption of European standards. The following subparagraph of art. 
8 is formulated in a way (“if final customers request it”) that gives consumers the 
possibility (but not the obligation) of engaging with third parties (e.g. ESCOs) in order to be 
helped in their efforts to save energy. At the same time, the phrasing provides for default 
minimum data security. 

The draft EED foresees that enhanced billing accuracy and additional information on energy 
consumption or saving will be free of charge for the final customer. This is an important 
consumer-friendly provision to guarantee non-discriminatory access to consumption 
data for everybody. Nevertheless, consumers will still bear some costs for the smart meter 
rollout in some way (see chapter 2 and 3, even with the assumption from the UK CBA, 
saying that all costs and benefits will be passed down to the customer).  
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Annex VI also addresses some of the unintended consequences detailed in chapter 5. 
Requesting “secure communication” establishes a level playing field for all Member 
States and defining the exported data as “private” ensures that legal provisions for the 
proper handling of personal data and privacy apply.  

The wording “private data exported through the interface” is appropriate in the sense that 
it leaves it open whether to show consumption data uninterruptedly to the consumer but 
exporting it to the metering company only in intervals or whether this is handled 
differently. 

However, the provision of Annex VI 2.2 (c) could reserve some pitfalls even if it was 
already included in the ESD: Making it mandatory to provide customers with “comparisons 
of an average normalised or benchmarked final customer in the same user category” will 
prove to be extremely difficult. The categorisation of users can be done on the basis of a 
multitude of indicators such as the household size, the flat size, the number of electric 
appliances, the average energy efficiency of these appliances, the profession of the tenants 
(self-employed, housewives), their heating system (a heat pump uses electricity whereas 
others may heat with gas), among many other indicators . Firstly, achieving a useful 
categorisation will be a challenge, but one must not forget that in order to do this, a lot of 
sensitive personal data would have to be aggregated and analysed. It can be questioned 
whether this provision is proportionate to the objective of providing consumers with useful 
additional information.  

6.3. Policy actions at the National level  

As most policies related to smart meters will have to be designed at a national level, 
Member States should be prepared to assess existing experiences with the rollout of smart 
meters, define the precise scope of their national rollout, the methodology to be used and 
the task distribution among stakeholders. This chapter will discuss what national legislators 
can do to adapt EU regulation in the best possible way to their national circumstances and 
what type of regulation may be important to be promoted at national level. 
Following up on the results of section 2.1, it will be crucial that Member States define 
stakeholders’ roles and responsibilities in accordance with the structure of their energy 
sector (e.g. regulated or not). This has to be done at each level of the value chain before, 
during and after the smart meter implementation [Pupillo et al. 2010]. Similarly, when 
introducing time-of-use tariffs, consumer education, information and acceptance are vital. 
Consumers need to be aware of changes to the electricity system they are familiar with and 
the implications for them. Additionally, they need to be provided with advice about how 
they can adapt to new tariffs and adopt adequate behaviour [Benvenuti 2011]. If smart 
meters are meant to contribute to behavioural change and subsequently to energy savings, 
understandable, easily available and permanently dispatched information will be crucial. 

Privacy and public opposition 

As recommended above, the EU should give some general guidelines for privacy protection 
in relation to smart meters. Member States will then have to implement these provisions in 
detail. For doing so, the [Article 29 Data Protection Working Party 2011] suggests that MS  
carry out Privacy Impact Assessments at national level. Following this, national 
legislators should clearly define who will be in charge of collecting the consumption data, 
who will be able to access it, in what way, for what purpose and what kind of data will 
actually be read (and how often). In addition, MS will have to assess whether their privacy 
laws also apply to meter data and to data collected via smart meters in particular [ERGEG 
2009]. If general guidelines or provisions are laid down on EU-level, Member States can 
build on them and decide - according to their national circumstances – what kind of other 
provisions they can take to protect their citizens’ privacy. 
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It could also be recommended that data protection agreements be signed with all 
partners in the business chain to avoid end-users getting the impression that their privacy 
is being invaded and to enhance the trust level.  

In this regard, lessons can be drawn from other sectors such as the telecommunication or 
the payment card sector that has undergone similar major changes in the past years and 
faced similar security and trust issues [SmartGrid Task Force Working Group 2 2011]. 

Unlocking the full potential of energy savings through smart meters includes providing 
additional information on how to save it. The draft EED foresees that additional information 
(on top of the legally required information) can be made accessible to the consumer, either 
through the interface of the smart meter or through the internet. Generally, this can be 
complementary information on historical consumption or information on where consumers 
can find more information on energy use and savings possibilities. Obviously, more detailed 
and targeted information could be even more interesting, but the collection of data needed 
to do so could potentially infringe data protection laws. Energy providers could use opt-in 
clauses to give customers the chance to receive more tailored information on energy 
efficiency services from third parties [Pupillo 2010]. With these opt-ins, customers could 
give their agreement on the analysis of their personal data, such as county or city to 
receive information on local companies that provide energy services. This provision is 
already partly included in the proposed EED (“if consumers request it”) and could help 
consumers manage their data and enhance the transparency of the data handling. 

Data collecting stakeholders should also learn from e-commerce and consider developing 
certified “trustmarks” for smart meters as it exists for websites, guaranteeing the quality 
and security of an online transaction38.  

Privacy concerns have triggered heavy public resistance in the past (e.g. in the 
Netherlands) and consumer scepticism should be met adequately and far in advance. The 
[SmartGrid Consumer Collaborative 2011] report aggregated 150 consumer engagement 
programmes accompanying smart meter rollouts in the US. The findings suggest that 
early-stage consumer engagement (i.e. information, also see [SEESGEN-ICT, D4-3 R1-
1]), staged communication during the different rollout phases and avoiding 
overcommitting to avoid customer disappointment work best to minimise this risk of 
public resistance and bring down customer complaints. Member States should thus build on 
this available experience to design adapted rollout methodologies, adopt adequate 
provisions to prevent the misuse of metering data and to implement accompanying 
communication and education campaigns. 

Data format 

A “format that promotes consumer action in energy efficiency” [Annex VI of the EED] when 
displaying energy consumption will be most difficult to implement. So far, recent research 
on consumer behaviour linked to energy operating cost information or energy labels (for 
electric appliances) indicates that either physical units should be used (e.g. watts) 
because consumers generally overestimate future saving possibilities and are thus more 
inclined to purchase efficient equipment. According to [Heinzle 2012], the overall most 
successful way of displaying energy operating cost information for electric appliances is to 
display life-time operating costs in monetary units.  

                                          
38 More information on trustmarks in the EU can be found on 

http://ec.europa.eu/information_society/newsroom/cf/fiche-dae.cfm?action_id=175 and 
http://dokumenter.forbrug.dk/forbrugereuropa/e-commerce-trustmarks-in-europe/helepubl.htm. 
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Even though these findings are valid from a scientific point of view, there is no indication 
that they can be transposed to the way smart meters should display aggregated energy 
consumption information.  

All the research on electric appliances investigated decision-making of consumers during 
the purchasing process whereas the display of energy consumption in an entire household 
does not necessarily trigger any decision-making. Thus, the findings may not be applicable 
for smart meter interfaces. 

Also, trials with smart meters have not yet allowed concluding on the optimal and most 
useful interval and aggregation level (hourly, daily or monthly data) of historical 
consumption. Whereas [Van Elburg 2009] states that “accuracy (e.g. resolution of 10 
watts) and frequency (up- dates every second) […] is crucial” and “‘breaking energy habits 
down into Euros (dollars) and cents’ and ‘see the surge in consumption’ (e.g. clothes dryer) 
are essential slogans for awareness raising”, trials are still inconclusive about historical 
consumption data. The German Intelliekon project surveyed the trial participants, enquiring 
about the consumption representation for historical data. Participants indicated that 
bar charts were of greater use for them than pie charts and expressed their need for 
corresponding information on kWh and costs (in monetary terms). The hourly 
representation of their consumption level was perceived as being too detailed – even 
from those participants who considered themselves to be interested in their consumption 
[Birzle-Harder et al. 2008]. The report also concludes that month by month representation 
and comparisons with the same month of the previous year was interesting for most 
participants and that it could be complemented with a week by week representation – just 
as suggested in the draft EED.  

Whereas [Van Elburg 2009] states that “accuracy (e.g. resolution of 10 watts) and 
frequency (up- dates every second) […] is crucial” and “‘breaking energy habits down into 
Euros (dollars) and cents’ and ‘see the surge in consumption’ (e.g. clothes dryer) are 
essential slogans for awareness raising”, trials are still inconclusive about historical 
consumption data. The German Intelliekon project surveyed the trial participants, enquiring 
about the consumption representation for historical data. Participants indicated that 
bar charts were of greater use for them as compared to pie charts and expressed their 
need for corresponding information on kWh and costs (in monetary terms). The hourly 
representation of their consumption level was perceived as being too detailed – even 
from those participants who considered themselves to be interested in their consumption 
[Birzle-Harder et al. 2008]. The report also concludes that month by month representation 
and comparisons with the same month the previous year was interesting for most 
participants and that it could be complemented with a week by week representation – just 
as suggested in the draft EED.  

It will be up to MS to carefully analyse behaviours in their country as first international 
research on the graphic design of metering feedback shows that there are cultural 
differences influencing the perception of whether a feedback design is useful or not: 
“while a certain graphic design of feedback was ranked the highest valuable solution from 
households in the USA, the same design was evaluated by Norwegian households as 
childish and unclear.” [IDEAL EPBD 2009]. 
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Data and network security 

When rolling out smart meters on a large scale, MS will have to be fully aware of the 
existing technology means for smart meter communication. In addition to the definition of 
each stakeholder in the business chain and the definition of the data that will be allowed to 
be collected and stored, MS will have to ensure that the consumers can use their smart 
meter safely. This includes the safe communication between the meter device itself and 
the interface, as well as the communication between the meter and the reading company.  

MS, for instance, could introduce provisions that fix large (remote) reading intervals (e.g. 
once a month) and limit the amount of allowed commands when remotely connected 
[ERGEG 2009]. 

In the end, MS will have to strike a balance between valuable information on energy 
consumption and thus the energy saving potential for the consumers on the one hand, and 
a reliable security level for the system as well as the collected data on the other.  

When designing functionalities and adapted security schemes, usability issues should also 
be considered to make sure that smart meters can deploy their full potential to consumers. 

Health concerns 

As mentioned above, the large-scale rollout of smart meters may trigger public resistance 
by citizens who are concerned about the potential negative health effects of the technology. 
Even though there is no scientific proof for electromagnetic fields harming human health 
(see chapter 5.1), some of the existing studies may indicate that this may be due to a lack 
of research in the field of long-term effects. Therefore, it is likely that there will be citizens 
concerned about this phenomenon, capable of building up strong opposition. In order to not 
only avoid protests in Europe that are similar to those encountered in Australia (see 
chapter 1.1) and North America (Futurezone 2011), but also because governments have an 
obligation to protect their citizens’ health, potential risks of the chosen communication 
means for smart meters and existing exposure limits for electro-magnetic fields must be 
considered and brought down to a cost-effective minimum when making a technology 
choice. 

Electricity prices and low-income households 

Smart meters are an important tool for making energy consumption transparent and for 
promoting energy savings. The latter needs to be combined with flexible tariffs in order to 
use financial incentives to shift and cut energy use. 

Increases or reductions in electricity prices associated with smart meters will be very 
small according to most cost-benefit analyses. Rollout strategies aimed at achieving the EU 
goal of an 80% coverage by 2020 are expected to lead to slightly increasing electricity 
prices during the rollout, and slightly reduced prices thereafter (see chapter 3). 
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When developing the basic principles for flexible tariffs, national electricity regulators will 
have to make sure that different consumer groups, social groups or household types are 
not penalised. In particular, it will be important to assess the potential impacts of time-of-
use tariffs on those who cannot - because of personal circumstances - shift their energy use 
to other times of the day39. Large-scale trials in several MS have demonstrated that slight 
increases in electricity prices can be compensated for or even over-compensated for by 
final customers through electricity savings or load shifts enabled by smart meters and 
flexible tariffs. Regulators should ensure that customers should only be subject to 
increasing electricity prices (with the introduction of flexible tariffs) when receiving a smart 
meter in order to allow them to make the necessary savings. 

As mentioned before, the [CER 2011b] report on “Electricity Smart Metering Customer 
Behaviour” from Ireland indicates that “fuel poor households”40 did also manage to shift 
their peak load (just as other households), but with their overall consumption staying 
almost unchanged. Thus, the study concluded that this type of household could also benefit 
from the introduction of time-of–use tariffs to reduce their energy bill.  

This being said, Irish results may not be generalised and MS should perform cautious 
analyses of the impact of time-of-use tariffs on different consumer groups in their country 
and on their respective ability to shift load. In some countries, smart meter deployment 
may lead to the risk of imposing an extra cost on lower-income households and therefore 
threaten them with fuel poverty. [Szörényi 2011] argues that in a market where public 
service is well-functioning, the public services will have to ensure that vulnerable customers 
are identified and advised on how to improve their energy consumption. In particular, 
customers who are threatened with disconnection measures should be assisted [Szörényi 
2011].  

Annual electricity expenditures will increase for some customers, and decrease for others 
depending on the individual demand patterns, and depending on their individual 
responsiveness to variable tariffs. With flexible tariffs, it is difficult for the customer to 
anticipate the impact on annual expenditures. Consumer protection rules should thus be 
developed to ensure that customers can switch tariffs or suppliers in case major increases 
of expenditures develop with a newly chosen tariff.  

                                          
39 [Benvenuti 2011] lists unemployed, families with young children, elderly and people with disabilities or poor 

health. 
40  This household category had been defined in pre-trials of the study. 
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ANNEX I: FUNCTIONALITIES OF SMART METERS 
Table 4: Overview of smart meters functionalities 

Features Functions Purpose 

Core features 

Measurement 
Half-hourly measurement and 
security 

Load-profile management, accurate 
billing […] 

 Remote reading (weekly) Accurate billing 

 
Local reading by meter-reading 
or end user 

Back-up in case of communication 
failure 

 Remote time synchronization Clock accuracy 

Security 
Communications and data 
security 

Data are securely transmitted from and 
to the meter 

 Tamper detection Communication of tampering remotely 

Load 
management 

Support existing load 
management arrangements 

Continuation of load control via 
broadcast of turn on/off commands […] 

Additional features 

Measurement Daily remote reading Potential for greater DR 

 Power factor measurement 
Monitoring of power factors and 
demand improvement  

 Import/export metering Facilitates micro-generation 

Switching 
Remote 
connection/disconnection 

Facilitates supplier switching 

 
Remote switch between credit 
and prepayment 

Greater customer flexibility 

Load 
management 

Supply-capacity control 
Emergency limits following updates: 
contractual limit on supply to 
customers 

 
Interface for load technology 
control  

Direct load control through an open 
standard platform 

Quality  
Detention and notification of 
supply losses and outages 

Faster outage detection 

Customer 
interaction 

Interface to HAN 
Potential for integrated additional 
services e.g. security, fire safety 

 In-home display device 
Customer awareness, instantaneous 
information 

 Interface for other metered data 
Integration of other utilities with 
existing local communication 
infrastructure 

Configurability Remote configurability 
Setting e.g. times for load control, 
tariffs and supply capacity control can 
be changed remotely 

Source: [Haney et al. 2011] page 108 
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ANNEX II: BI-DIRECTIONAL COMMUNICATION TECHNOLOGIES 
Table 5: Overview of bi-directional communication technologies 

Communication 
technology Advantage Disadvantage 

Power Line 

 mature technology widely  
used to control power 
system assets 

 extensive coverage and low 
cost due to existing wire 
infrastructure 

 high noise 

 limited capacity 

 open circuit problem 

 lack of communication 

Internet 

 Advanced technology 
(broadband) and coverage 
enabling cost-effective 
monitoring and access of 
remote devices 

 reduced reliability for real-
time operation (Quality of 
Service – QoS) and related 
security concerns 

Public Telephone network 
 existing network can be 

used quickly and cost-
effectively 

 expenses for rented costs 

 dependence on telecom 
companies 

 time for (re-)establishing 
connections is only 
appropriate for non-time- 
dependent applications  

Satellite 
 high costs not only when it 

comes to bidirectional 
communication 

 weather dependency 

 delay time for transmission 

Optical Fibre 
 extremely high bandwidth 

and therefore high 
performance 

 expensive 

 could be cost-effectively 
operated only for bundled 
high speed communication 

Wireless (e.g. GPRS) 

 some technologies are 
already used to control 
power system devices 

 cheaper than conventional 
wired communication when 
using existing cellular 
networks 

 rapid installation 

 flexibility 

 limited coverage 

 limited capacity 

 security issues 

Source: Based on DERlab 2009 
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