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ABSTRACT 

 
New dynamics are taking place in the European power sector. The strong cost decrease of distributed 
generation and storage technologies makes our energy system more decentralized but also, and more 
importantly, transforms the way value is created. Clearly, players in the retail market today need to 
operate closer to the end-consumer. 

Against this background and in order to shed some new light on the current debate around prosumers, 
this report analyses different policy scenarios. It models - for three representative European markets 
– several combinations of solar and storage solutions. Each time, various options are considered 
depending on how the self-consumed and injected solar electricity is remunerated.  This approach 

allows to better estimate the concrete economic benefits for end-consumers and, from there, to explore 
how energy suppliers – incumbent or new entrants – will be able to capture business opportunities by 
creating new value propositions for their customers. These new offers will in turn make distributed 
generation smarter and more system relevant. 

In this new decentralised world, solar will become a new factor of performance and differentiation 

amongst energy suppliers. Some may decide to continue operating in a business as usual mode. Others 
will seize this new opportunity, create new business models, and run ahead of the pack. 
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EXECUTIVE SUMMARY 
 

The analysis conducted in this report shows that solar – alone or in combination with 
battery storage - can bring economic benefits to a growing share of European 
consumers. However, with potentially changing policy designs and an increasing share of 
prosumers, there is a need to develop new business models to ensure that self-generation and 
consumption are made smarter and benefit the whole energy system. 

At a time when maintaining or gaining consumer satisfaction is more challenging, 
offering new “decentralised energy solutions” becomes a factor of performance and differentiation 
amongst electricity suppliers. Only innovative players will be able to maintain the needed trust and 
thereby grow their business in this smart environment. 

These new strategies will bring system benefits. New business models will not only make 
distributed generation more accessible but they will also unlock flexibility potential at consumer 
level by offering services to grid operators. 

This overall transition requires a dynamic and adequate regulatory environment. The following 
regulatory adjustments –both at European and national levels – are needed to develop a prosumer-
friendly policy: 

 Develop a dedicated policy framework for prosumers of renewable energy 

within the revised Renewable Energy Directive. Clarifying the definition and rights 
of prosumers, simplifying administrative procedures with one-stop-shops and 
encouraging the emergence of new financing models (e.g. third party financing, 
cooperatives, pooling of assets) should make self-generation easy to access. Prosumers 
should be encouraged and not hindered, as they directly finance the energy transition 
and the achievement of our 2020 and 2030 renewable energy targets. 

 Adapt market rules to accelerate the development of enablers and make self-
generation and consumption smarter. The upcoming market design reform should 
further facilitate demand response and provide an EU-wide legal definition of storage. 
As shown by our economic analysis (and in various real-life examples in a number of 
European countries), applying taxes and grid charges to self-consumed electricity in an 

abrupt manner has a dis-incentivising effect on the progressive smartening of 
decentralised generation. Prosumers should not be exposed to any tax on the electricity 
they self-generate and consume. 

 Make distribution grid tariffs “fit for the energy transition”. A “prosumer-friendly” 

approach should be reflected in the way distribution tariffs are set by national regulators. 
Particular attention should be given to the quantified and real impact of prosumers on 
the grid at the time when tariffs are set (every 4 to 5 years on average in Europe). 
Guidelines on how to set these tariffs could be developed at European level. 

 Ensure a proper remuneration of services provided by distributed generation 

as this will facilitate its integration in the system. Business models will develop on 
the basis of combined offers able to bundle several revenue streams. The ancillary 
services market should therefore be further developed especially at distribution level. In 
parallel, market design rules should be adapted to ensure that the excess of 
(aggregated) solar electricity will be properly remunerated by the market. Moreover, 
ENTSO-E network codes (and their implementation at national level) should ensure the 
proper participation of aggregated solar PV in all markets. 

 Reflect upon a combination of the “market integration” and “constraint” 
scenarios, as a suitable variant in a transition towards a complete integration of 
prosumers. Frameworks at national level should strive a balance between maintaining a 
minimum level of remuneration for the electricity injected into the grid and exposing the 

self-consumed electricity in a staggered approach to grid charges in a way which reflects 
the technology cost digression of solar and storage. 

The report and all figures can be downloaded on www.solarpowereurope.org 

http://www.solarpowereurope.org/
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1 
CHAPTER 1. DECENTRALISATION: A new 

mega-trend in the European power sector 
 
For an increasing number of consumers in Europe, distributed generation combined with other 

smart solutions represents the perfect way to control their energy bill. Other behavioral factors 
may of course play a role in individual decisions, but in essence, economic benefits probably 
remain the key consideration of people who invest in on-site generation. Indeed, the fact that 

solar generation costs are today low and expected to decline1 further is perceived as a strong 
hedging strategy in a context of increasing electricity prices. 

The economic benefits for these new types of consumers (prosumers), however, depend on the 
policy arrangements at the retail level. In particular, the regulatory treatment of “self-

consumption” – i.e. the fact that on-site power generation is used below a given connection point 
either instantaneously or in a deferred manner via storage – and the remuneration of the excess 
of electricity injected into the grid will to a large extent determine the financial benefits for 
consumers. 

In order to shed some new light on this debate, SolarPower Europe has developed three policy 

scenarios for residential consumers in Germany, the UK and Portugal2: 

 A “reference” scenario which assesses the economic benefits for consumers under 
the current market conditions. In this case, we considered the regulatory arrangements 

in place in these three countries in June 2015. Self-consumed electricity is usually 

valorized at the full retail price while the excess of electricity is generally remunerated 
above wholesale price levels. 

 A “market integration” scenario, in which the excess of distributed generation (i.e. 
not self-consumed but injected into the grid) would not benefit from any form of financial 
support and would be remunerated at average wholesale price levels. This is to reflect a 

situation where the level of support schemes for solar would be progressively phased-
out. In this scenario, the self-consumed electricity is remunerated in the same way as in 
the reference scenario. 

  

                                    
1 Solar PV generation costs are expected to decrease by 30-50% from 2014 to 2030, depending on the 
volume growth and learning rate. This development does not assume any major technology breakthroughs 
but is a natural cause of continued efforts in reducing materials use, improving efficiency and developing 
manufacturing processes and as well as further reduction of operating costs.  European PV Technology 
Platform, 2015. 
2 These three markets were selected on the basis of three criteria: i) their variety in solar irradiation, ii) 
their variety in support schemes and iii) a level of electricity prices in 2014 for households and commercial 
consumers above 0.2 €/kWh and 0.1 €/kWh respectively. The latter specifications were chosen given their 
relative cost-reflectiveness, having in mind that retail electricity prices remain today regulated in several 
other EU countries. 
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 A “constraint” scenario, in which the self-consumed electricity would not be valorized 
at the full retail electricity price.  This is to reflect a situation where the self-consumed 

electricity would be exposed either to grid charges or taxes, or both. The excess 
electricity in this scenario is remunerated in the same way as in the reference scenario. 
 

Figure 1 below provides an overview of the three scenarios. For each of them, an analysis was 
conducted in order to assess whether combining solar with decentralised (battery) storage would 

make economic sense considering two different battery sizes3. 

 

 

 

 

 
Note: the constraint scenario anticipates two potential developments. The first one relates to the 
fact that the prosumer’s decreasing electricity grid demand (and therewith costs) due to self-
consumption will ultimately lead to a lower financial compensation for grid services, which are 
currently remunerated via the electricity price on a volumetric basis. In such a case, it can be 

argued that a shift toward capacity-based distribution grid tariffs would be needed to secure the 
remuneration of grid costs. Secondly, the constraint scenario takes into account that an 
increasing solar PV penetration may not necessarily reduce peaks of injection or consumption. 
These peaks can be reduced by using battery storage, or distributed generation can be used to 
provide services to the grid operators. This is why the savings potential linked to self-
consumption in this scenario is higher when using storage. 

  

                                    
3 Batteries of 2,3 and 8,3 kWh usable capacity have been considered in order to assess two different trends 
with self-consumption ratios of around 50 and 70% respectively in the residential segment. Battery sizes and 
corresponding self-consumption ratios were derived based on an external online simulation tool published by 
the Hochschule für Technik und Wirtschaft (HTW) Berlin, http://pvspeicher.htw-
berlin.de/unabhaengigkeitsrechner/# 

 

FIGURE 1 OVERVIEW OF ASSESSED POLICY SCENARIOS 

© SOLARPOWER EUROPE 2015 

http://pvspeicher.htw-berlin.de/unabhaengigkeitsrechner/
http://pvspeicher.htw-berlin.de/unabhaengigkeitsrechner/
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2 
CHAPTER 2. CONSUMER BENEFITS – KEY 

FINDINGS 

 
In order to present the impact of the different scenarios on the economic benefits of end-
consumers in a consolidated manner, the Figure 2 below shows the Internal Rates of Return 
(IRR) achieved in each scenario in each country. This basically gives an indication to the 
consumer on the return they can expect in relation to the initial investment made. 

 

 

 

 

 

  

FIGURE 2 INTERNAL RATES OF RETURN FOR CONSUMERS IN THE DIFFERENT POLICY SCENARIOS 

© SOLARPOWER EUROPE 2015 
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The following conclusions can be derived from this analysis: 

 Generally speaking, combining solar with storage in the reference scenario 
proves economically feasible today. However, and very importantly, solar alone 
remains a better deal in such a scenario. It indeed achieves either better or very 
similar economic results than solar combined with small batteries, while solar 
combined with large batteries likely remains the least beneficial variant with regard 
to medium timeframes (five years and more). This is because the additional 
investment costs associated with larger batteries reduce the monetary benefits to 

an extent which cannot be compensated by higher self-sufficiency rates. In the case 
of Germany, our sensitivity analysis shows that a tipping point may be reached when 
cost of batteries will be reduced by 30% and 70% for small-size and large-scale 
batteries respectively. In the UK, on the contrary and based on the regulatory 
framework in place in June 2015, there was no strong business case for storage. In 
Portugal, the reference scenario can be considered as a “market integration” 

scenario, since according to the schemes in place in June 2015 the excess of 
electricity is already valorized only at the average wholesale price and does not 
benefit from any feed-in tariff. 

 In the market integration scenario (remunerating excess electricity only at the 
level of average wholesale prices), in the three countries considered solar combined 

with small batteries already brings slightly higher returns for the consumers than 
solar without storage. This suggests that such a scenario would incentivise 
prosumers to couple their solar system with storage in order to maximise their self-
consumption rates, hence creating new opportunities for the further smartening of 
decentralised solar generation. This only remains valid if the self-consumed 
electricity can be valorised at the full retail electricity price. 

 In the constraint scenario (exposing self-consumption to grid charges and taxes), 
our analysis shows that the total benefits for consumers are much reduced in 
Portugal. This is also the case in Germany for systems combined with batteries. Our 
sensitivity analysis shows that even a slight reduction of the remuneration of the 
excess of electricity in that country will make the constraint scenario less favourable 

than the other scenarios. In the UK, the constraint scenario has a lower impact 
given the schemes that were in place in 2015. Also, storage (whatever the size) 
does not help counterbalance this trend. Generally speaking, the constraint scenario 

has a dis-incentivising effect on the progressive smartening of decentralised solar 
generation.  



 

 SolarPower Europe / AHEAD OF THE PACK/ 9 

A DEEPER LOOK AT THE GERMAN EXAMPLE 

 

 

This “heat-map” provides an easy to grasp comparison of all scenarios and different “Solar 
& Storage” combinations in Germany. The worst economic results are shown in the upper left 
(red) area indicating unfavourable economic results, i.e. high dynamic payback times, low net 
present values and low internal rates of return. Correspondingly, the best achievable economic 
results are presented in the lower right (green) area. 

This analysis confirms that in the medium term consumers will engage more in on-site generation 
as they will be able to derive economic benefits from it. This raises the question of the new 
business models which will emerge in parallel to this evolution. 
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3 
CHAPTER 3. THE PROSUMER: A driver for 

innovative business models 
 

The shift towards a system where the generation assets are located close to and/or owned by 
the end-consumers may represent a disruptive change for energy suppliers. However, it also 

creates new opportunities. Prosumers have new, different needs which therefore require new, 
different offers. 

In the fast-changing power sector, energy suppliers face increasing challenges in order to 

maintain or improve trust with their customers. A study conducted by Opower4, a US-based 

software service provider to utilities, shows for instance that there is a significant gap between 
customer expectations and electricity supplier service-performance. 

 

 

 

  

                                    
4 Five Universal Truths about Energy Consumers. 

37%

51% 48%

USA OTHER ENGLISH SPEAKING 

COUNTRIES (UK, 
AUSTRALIA, NEW ZEALAND, 

CANADA)

EU

Performance gap

Satisfaction
Source: Opower, 2013

FIGURE 3 CUSTOMER EXPEXTATIONS AND ENERGY SUPPLIERS’ PERFORMANCE GAP RELATED TO COSTS 

© SOLARPOWER EUROPE 2015 
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Paradoxically, consumers who face higher retail prices are not necessarily less satisfied with the 

cost-performance of their supplier when compared to consumers in countries with lower prices 
(Opower, 2013). This suggests that consumers may not only evaluate their suppliers on the 

actual cost per kWh but also on additional elements such as services, billing information, support, 
etc. Almost 60 % of consumers globally – especially those between 18 and 34 years – show for 
instance interest in investments that increase their self-sufficiency (Accenture, 2015). 

Against this background, a recent survey conducted by Accenture shows that energy suppliers 
are rather well-positioned to handle that situation. 55% of customers are for instance interested 

in purchasing or signing up for solar PV products within a period of 5 years (and this trend has 
increased over the last two years) and ranked energy suppliers within their preferred providers 
for such products (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Considering the variety of regulatory environments across Europe and the declining wholesale 
electricity prices, a larger share of the value for energy stakeholders is now created close to the 
end-consumers, precisely where utilities are missing out significant opportunities. Hence, there 
is a wide untapped potential to develop new business models around decentralised on-site 
generation. Figure 5 below illustrates where electricity suppliers may in that context have strong 

capabilities to develop a new ‘Decentralised PV value proposition’. 

  

Specialized Solar PV company 74% 

Electricity supplier 71% 

Home improvement / Electronics provider 41% 

Cooperative / Community organization 38% 

Maintenance / Repair company 33% 

Phone / Cable Provider 18% 

Online retailer 16% 

TABLE 1 OVERVIEW OF CONSUMERS’ PREFERRED SOLAR PV PRODUCT PROVIDERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Accenture, 2015 
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Given some of the gaps identified above and having in mind some regulatory aspects (e.g. the 
need to ensure a separate and safe data-management), future business models are likely to be 
based on new partnerships among electricity suppliers, specialised companies in the solar sector 
as well as IT providers (e.g. home automation etc.). 

As shown in Figure 5 below, such partnerships represent an effective way of creating higher 

values for both suppliers and consumers. 

 

 

  

Source: Bell, Creyts, Lacy, & Sherwood, 2014 

Legend: Electricity supplier capabilities 

FIGURE 4 DECENTRALISED PV VALUE PROPOSITION AND ELECTRICITY SUPPLIERS’ CAPABILITIES  

(Subjective assessment based on W Stenhagen & Wuebker, 2011) 

© SOLARPOWER EUROPE 2015 

FIGURE 5 OPTIONS TO INCREASE THE BUSINESS MODEL VALUE OF DECENTRALIZED SOLAR PV 

 

© SOLARPOWER EUROPE 2015 
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Overall, the role of electricity providers in the future will be related to three main dimensions 

(Figure 6): 

 Ensuring access to decentralized solar PV by using their existing negotiating power 
to offer better deals to their customers. This role could be extended by offering additional 
options such as access to community solar programs and platforms similar to peer-to-
peer communities.  

 Providing a reliable combination of solar PV with digital and automation 
technologies by offering product packages, which support consumers to really benefit 
from smart technologies (home appliances, smart metering, etc.). 

 Leveraging prosumer flexibility to support the grid operation by operating 

decentralized PV capacity, advanced storage and inverter technologies to provide 
remunerated grid support services and valorize the consumers’ demand response 
potential created by this enhanced flexibility. 

 

 

 

 

 

 

 

 
 

 
 

  

Source: Bell, Creyts, Lacy, & Sherwood, 2014 

Utilization of 
capacity for 

grid support 
Ensuring 

availability and 
access to 

decentralized 
solar PV 
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technologies 

 

Decentra-
lised Solar 
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FIGURE 6 THE ROLE OF ELECTRICITY SUPPLIERS AROUND DECENTRALISED SOLAR PV 

 

© SOLARPOWER EUROPE 2015 
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4 
CHAPTER 4. NEW BUSINESS MODELS, 

NEW BENEFITS FOR THE ENERGY SYSTEM 
 

 

The fact that consumers can derive real economic benefits from distributed generation will trigger 
new value propositions. As seen above, these new offers are also likely to incorporate system 
services. 

Today, as the second most deployed smart technology in the energy system (after smart meters), 
solar can provide system services such as voltage support (reactive power) and negative 
balancing power, i.e. ramp down. When combined with batteries, solar is also capable of 
providing positive balancing power (i.e. ramp up), can support black starts5 and can limit the 
injection peak during mid-day (thereby reducing grid impact). 

The REserviceS project6 conducted an in-depth analysis of the technical and economic feasibility 
of providing system services with wind and solar technologies. Figure 8 below summarizes the 
outcomes of the project. It shows that solar PV, in an aggregated format, can already provide a 
large number of system services from a pure technical/economic perspective. It also shows that 

procedural prerequisites at national level to fully exploit this potential are not in place yet. 

                                    
5 In case of total power outages “certain power stations must be able to start up without being able to 
draw power from the grid. This is called the “black start service” (Elia, 2015) 
6 http://www.reservices-project.eu/ 

http://www.reservices-project.eu/
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                                                                                                    78 

 

Technical Aspects 
Procedures: Grid Code Requirements, 
prequalification procedures and Network 
Code Requirements, amongst others 

Implemented 
Well defined requirements /  
specifications in most procedures at 
European level 

Partially  implemented / 
implementable / low cost investment 
to enable required capacities 

Poorly defined requirements /  
specifications or not addressed in 
most procedures 

Not implemented / implementable /  
high cost to implement 

Not defined / not possible due to  
requirements in all or most 
procedures 

Existing Grid Support Services New Grid Support Services 

 

 

This shows that in a decentralized energy world, system services can and will have to come more 

from the flexibility created at the consumer level by distributed generation, storage and demand 
response. More importantly, these distributed flexibility assets will be able to provide better 
services if they are aggregated. 

The increased competition at retail level and the new partnerships described above will create 
new opportunities to better harvest this untapped potential. The appearance of new commercial 

offers whereby consumers are offered a “capped” electricity bill or the pooling of distributed 
storage capabilities are just some initial signals that business models are evolving in order to 
provide both economic benefits to consumers and services to the grid operators. 

                                    
7 Source: Van Hulle, et al., 2014 
8 FCR: Frequency Containment Reserve, FRR: Frequency Restoration Reserve, RR: Replacement Reserve 
FFR: Fast Frequency Response, RM: Ramping Margin, SSVC: Steady State Voltage Control, FRCI: Fast 
Reactive Current Injection 

FIGURE 7 OVERVIEW OF POTENTIAL SYSTEM SERVICES PROVIDED BY SOLAR PV 

© SOLARPOWER EUROPE 2015 
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5 
CHAPTER 5. CONCLUSIONS AND 

RECOMMENDATIONS 

 

 The analysis conducted in this report shows that solar – alone or in combination 
with storage - can bring real economic benefits to a growing share of European 

consumers. With prosumers comes the need to develop new business models to ensure 
that self-generation and consumption is made smarter and benefits the whole system. 

 At a time when maintaining or gaining consumer satisfaction is more 
challenging than ever, offering new “decentralized energy solutions” to prosumers 

becomes a factor of performance and differentiation amongst energy suppliers. Only 
innovative players will be able to create the needed trust and thereby grow their business 
in this smart energy environment. 

 These new strategies will in turn bring system benefits. New business models will 
not only make distributed generation more accessible but they will also unlock the 

flexibility potential at consumer level by offering services to grid operators. 

This overall transition requires a dynamic and adequate regulatory environment. The following 
regulatory adjustments – at both European and national levels - are needed to develop a 
prosumer-friendly policy: 

 

1. Develop a dedicated policy framework for prosumers of renewable energy 

within the revised Renewable Energy Directive. Clarifying the definition and rights 
of prosumers, simplifying administrative procedures with one-stop-shops and 
encouraging the emergence of new financing models (e.g. third party financing, 
cooperatives, pooling of assets) should make self-generation easy to access. Prosumers 
should be encouraged and not hindered, as they directly finance the energy transition 
and the achievement of our 2020 and 2030 renewable energy targets. 

2. Adapt market rules to accelerate the development of enablers and make self-
generation and consumption smarter. The upcoming market design reform should 
further facilitate demand response and provide an EU-wide legal definition of storage. 
As shown by our economic analysis (and in various real-life examples in a number of 
European countries), an abrupt implementation of the “constraint scenario,” where taxes 

or grid charges are applied to self-consumed electricity, has a dis-incentivising effect on 

the progressive smartening of decentralised generation. Prosumers should therefore not 
be exposed to any tax on the electricity they self-generate and consume. 

3. Make distribution grid tariffs “fit for the energy transition”. A “prosumer-friendly” 
approach should be reflected in the way distribution tariffs are set by national regulators. 

Particular attention should be given to the quantified and real impact of prosumers on 
the grid at the time when tariffs are set (every 4 to 5 years on average in Europe). 
Guidelines on how to set these tariffs could be developed at European level. 
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4. Ensure a proper remuneration of services provided by distributed generation 

as this will facilitate its integration in the system. Business models will develop on 
the basis of combined offers able to bundle several revenue streams. The ancillary 

services market should therefore be further developed especially at distribution level. In 
parallel, market design rules should be adapted to ensure that the excess of 
(aggregated) solar electricity will be able to be properly remunerated by the market. 
Moreover, ENTSO-E network codes (and their implementation at national level) should 
ensure the proper participation of aggregated solar PV in all markets. 

5. Reflect upon a combination of the “market integration” and “constraint” 
scenario, as a suitable variant in a transition towards a complete integration of 
prosumers. Frameworks at national level should strive a balance between maintaining a 
minimum level of remuneration for the electricity injected into the grid and exposing the 
self-consumed electricity in a staggered approach to grid charges in a way which reflects 
the technology cost digression of solar and storage. 

 

 



 

 

APPENDIX - Overview of most important 

input parameters used 
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