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Abstract
Self-consumption from photovoltaic (PV) rooftop installations is 
an important driver for private investment in renewable energy 
in Germany. Financial incentives for PV provided by the feed-
in tariffs are now so low that an investment in rooftop PV only 
makes sense if the benefits of self-consumption, including the 
avoided cost of buying electricity from the grid, are fully consid-
ered. In addition, ongoing battery support schemes for PV instal-
lations continue to increase the amount of renewable electricity 
consumed by the owner of the installation (“self-consumption”). 
The incentives provided by this approach encourage fuel-switch-
ing to electricity in the heating and transport sectors, too. 

This paper argues, however, that the incentives to maximise 
PV self-consumption discourage electric efficiency improve-
ments, as those would lower the share of self-consumption and 
thus the financial rewards. Also, the window of opportunity 
created when renewable energy investments are considered, is 
not being used for energy efficiency interventions. This is con-
trary to the Efficiency First principle, which states that, when-
ever solutions on the demand-side, such as energy efficiency 
improvements, deliver higher economic net benefits than the 
generation, transport, and consumption of energy, these meas-
ures should be implemented first.

In this paper, we demonstrate how the proper support for 
PV self-consumption can become an important mechanism 
to fund energy efficiency improvements for inefficient homes. 
One need only to look to Europe and abroad for examples of 

renewable support schemes that prioritise self-consumption 
and incentivise energy efficiency improvements. We show how 
this experience can offer important lessons for EU member 
states, such as Germany, that provide strong incentives for self-
consumption of on-site renewable generation.

Introduction
The German Energiewende, or energy transition, is often de-
scribed as a transformation to greater decentralisation of, and 
more efficient, energy production and use. It fosters the partici-
pation of local citizens and aims to overcome the market power 
of the established energy industry. Due in particular to the re-
duced costs of photovoltaics, electricity generation on one’s own 
roof has increasingly moved to the centre of the decentralisation 
movement. Some consumers even equate generating their own 
power with energy self-sufficiency, or independence from the 
grid and energy suppliers (Agora Energiewende 2017). Yet, as the 
examples from the islands of Pellworm (North Sea) and Hierro 
(Canarias)1 show, it is important to exercise caution. The islands’ 
plans for gaining independence from the system by meeting 
their needs with self-generated renewable energy were ultimate-
ly dropped, as it was much more costly than connecting to the 
electricity system, despite sufficient local electricity generation. 
Electricity can be transported inexpensively over long distances; 
thus the islands’ plans to balance generation and consumption 
locally were more expensive. Even if the levelized cost of elec-

1. https://www.researchgate.net/publication/328370049_El_Hierro_Renewable_
Energy_Hybrid_System_A_Tough_Compromise, https://ruhrkultour.de/pellworm-
das-ziel-der-autarkie-wurde-verfehlt/ 
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tricity is lower than wholesale market prices, balancing demand 
and supply to ensure a reliable power system is critical and is 
normally paid for by a very large number of customers. Similar 
plans for creating self-sufficient energy regions have often turned 
out to be unfeasible, despite avoided pipelines and fuel imports.

Parallels can be drawn to self-consumption of renewable 
energy generated in or on buildings, which is becoming an 
important driver for installing PV, as the levelized cost of elec-
tricity for generating solar energy is well below the cost of pur-
chasing electricity from the grid. In other words, self-generated 
PV electricity is already cheaper in most cases than electricity 
drawn from the grid, even without subsidies. 

Self-consumption has been encouraged in Germany, for ex-
ample, since 2009 by the Renewable Energy Act (Erneuerbare-
Energien-Gesetz (EEG)) through additional financial incentives 
such as feed-in tariffs (for unused self-generated power or for 
selling all self-generated power) and financial support schemes 
for batteries (to maximise self- supply). These increasing in-
centives to promote self-consumption have the unwanted side-
effect that they discourage electric efficiency improvements 
– the lower the share of self-consumption, the lower the finan-
cial rewards (Quaschning 2018). Also, the time frame when a 
building owner is considering renewable energy investments 
is currently not leveraged to integrate both supply-side and 
demand-side resources (ibid). 

Support of Self-Consumption in Germany
The goal of building local commitments to energy system trans-
formation is closely linked to self-consumption. Politicians have 
advanced this concept and hope that it will create new impetus 
to the energy system transformation, be it in the form of accept-
ance, through increasing participation by customers who gen-
erate and consume their own energy, or by mobilising private 
investment. Accordingly, with the German Renewable Energy 

Act of 2009, the legislator explicitly endorsed the consumption of 
self-generated photovoltaic energy through additional financial 
incentives and continues to do so. At present, the remuneration 
for rooftop solar power is designed in such a way that it only cov-
ers costs or becomes profitable if at least a portion of the power 
is used by the owner. With the latest amendment to the EEG in 
2017, the focus was extended beyond homeowners to also in-
clude a subsidy to encourage self-consumption by tenants.

Today, consumers pay for networks and renewable support 
via non-varying volumetric fees and levies. Since PV self-con-
suming customers can avoid a significant part of this bill with 
very little or no effect to total network costs or levies, custom-
ers without PV have to bear these shifted costs. However, as a 
consequence of the explained restrictions on self-consumption, 
the success of self-consumption and the cost increase for non-
self-consuming customers remain low. (Prognos, 2016).

Today’s feed-in tariffs only differentiate between the genera-
tion technology and the size of the plant, but not the use of the 
resource. The tariffs don’t consider that a plant that is designed 
and operated for its own consumption feeds into the grid dif-
ferently than a plant that is designed and operated for feed-in 
only. Solar radiation fluctuates in central Europe, being high in 
the summer and low in the winter. Demand for electricity and 
electric heating applications is generally higher in the winter 
and lower in the summer. This means that all of a PV owner’s 
generation can be used for electricity and heat applications in 
the winter. Surpluses, which are remunerated under the Ger-
man subsidy regime in the same way as feeding in all of the 
electricity generated, occur particularly in the summer, when 
there is no heat demand (Figure 1).

Germany’s power systems, like most European systems, are 
winter peaking systems and, reflecting those peaks, prices in 
the winter are generally higher than they are in the summer. 
The decarbonisation of the heat and transport sector by elec-
trification, as part of the energy transition, and the associated 

 
Figure 1. Feed-in of total generation from PV vs. feed-in after self-consumption. Source: Prognos, 2016
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increase in renewable energy resources, such as wind and solar, 
will drive this connection even further. 

It is important to recognise that, often, self-consumption is 
suboptimal as a local solution. From an economic point of view, 
it is generally cheaper to balance supply and demand on a larger 
scale. But, even in a decentralised power system, the so-called 
peer-to-peer approach2 is used to organise balancing between 
individual consumers. For example, a consumer should use the 
midday photovoltaic supply from a neighbouring household 
directly, in order to avoid additional storage behind the me-
ter. In some countries, there are extensive debates about the 
benefits of this method of promoting self-consumption, e.g., 
around net energy metering in the U.S. (Muro and Saha 2016) 
and the value of solar (RMI 2013), that have seldom been the 
subject of analysis or discussion in Germany.

On the one hand, promotion of photovoltaic self-consump-
tion is granted through a combined battery subsidy and time-
independent remuneration claims for surplus quantities. Other, 
indirect promotion of self-consumption occurs generally be-
cause the current system grants these consumers an advantage 
by saving a significant proportion of non-varying network fees. 
If the network costs for other consumers rise as a result, this is 
certainly a type of subsidy.

On the other hand, only a limited number of customers gen-
erating their own power benefit from this support. Photovol-
taic self-consumption in Germany today is limited to certain 
scenarios. The most relevant restriction is the personal identity 
of the producer and consumer. If the legal entity of a manu-
facturing company or household is a tenant, they would have 
to own the PV-installation on the leased building in order to 
take advantage of the benefits of self-consumption. As a result, 
a limited number of customers benefit from this support, but 
there is no aggregated effect for the system. This restriction also 
means that today’s less targeted (and potentially inefficient) 
support scheme does not foster the required uptake of renew-
able energy resources and the power system transformation.

Self-consumption and the electrification of heat and 
transport
For consumers today, a kilowatt-hour of electricity is more ex-
pensive than a kilowatt-hour of non-electric heating fuels (natu-
ral gas, heating oil, and the like). In order to make the use of 
emissions-free electricity from solar PV more attractive for heat-
ing, policymakers are considering lowering the electricity tax or 
imposing higher taxes on fossil fuels in the electricity sector.

An increasing amount of self-generated and self-consumed 
renewable electricity means that the electricity generated by 
consumers can also be used for heating, hot water, charging 
a car battery, and similar uses. From the consumer’s point of 
view, this use of electricity is understandable and attractive. 
Why should one not use his or her own energy to decarbon-
ise other end-uses such as heating and transport, particularly 
when there are financial rewards on offer? Therefore, consum-
ers are demanding the same support and promotion for this 

2. New York Times (2017) Solar Experiment Lets Neighbors Trade Energy Among 
Themselves. Retrieved from: https://www.nytimes.com/2017/03/13/business/ener-
gy-environment/brooklyn-solar-grid-energy-trading.html 

form of self-consumption (Couture and Ridge, 2018). We do 
not look into the extent to which investments can be gener-
ated more effectively and at lower cost through “self-sufficiency 
incentives” in this paper. Rather, it is simply important to rec-
ognise that there is considerable potential to promoting a “do-
it-yourself ” approach, which should be addressed systemically 
from the outset in order to decarbonise the electricity and heat-
ing sectors cost-effectively.

The Heat Challenge
A significant challenge in the energy transition is decarbonis-
ing the heating sector. Around three times as much energy is 
consumed for heating than for electric end-uses. Unfortunately, 
the solution is not as simple as replacing the fossil energy used 
here with clean electricity. This would mean massive invest-
ment into power generation and grid infrastructure, which 
is hardly feasible due to limited public acceptance of new 
power system infrastructure, the associated costs, and, most 
importantly, the amount of land that would be needed to do 
so. This applies to both the heat sector and to the individual 
consumer. The electric power consumption of a single-fami-
ly home would at least double if the oil heater were replaced 
with a heat pump. At latest when one takes into account an 
electric vehicle, the rooftop surface required to generate ad-
equate power is no longer sufficient. On a 100-square-meter 
rooftop, a 10 kWp photovoltaic installation can generate about 
10,000 kilowatt-hours annually, while the annual demand for 
power, heat, and transport combined would be easily double 
that amount. As explained above, if the consumer optimises 
the system for self-consumption, any feed-in of excess power 
supply can only be expected in the summer (Figure 1). With the 
increasing electrification of heat, the winter peak will increase 
even further and the average value of the remaining feed-in 
tariffs from oversupply will decrease accordingly. 

Another challenge in the building heating sector is that the 
building infrastructure and its heating systems are extremely 
diverse, as are the interests of the owners. Due to the long in-
vestment cycles for buildings, it is therefore important to estab-
lish timely incentives (Rosenow and Jahn 2016) that take into 
account the individual heating requirements (ifeu at al. 2018) 
and go beyond only incentivising self-consumption. 

The German housing stock comprises around 41  million 
apartments and is divided roughly equally into two categories: 
multi-family houses, and single-family and two-family houses. 
In the case of the latter (Figure 2), there is a greater share of 
buildings with higher energy consumption, i.e., buildings for 
which energy efficiency improvements will be sought in the 
next 10 to 20 years. Due to the legal requirements relating to the 
personal identity of the owner and consumer, the incentives for 
a PV self-production system are now available, especially for 
the building category needing energy efficiency investments. 

Efficiency First as a Solution

EFFICIENCY FIRST AND RENEWABLE ENERGY
In order to completely decarbonise energy production, we 
need more investment in renewables, not less. But just as the 
energy system cannot be decarbonised through energy effi-
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ciency alone, a system with 100 percent renewables cannot be 
achieved without extensive energy efficiency. This is one reason 
why the International Energy Agency (IEA 2016) has described 
energy efficiency as a “first fuel.”

A study by Lechtenböhmer et al. (2017) shows that the emis-
sion reductions necessary to meet the climate goals – espe-
cially reductions resulting from the electrification of heating 
and transport – are neither easily achieved through technology, 
nor economically efficient without substantial energy efficiency 
gains. For a successful energy transition, we therefore need to 
accelerate the deployment of renewable energy, while drawing 
on more energy efficiency and demand response to optimise 
and reduce demand. Trying to decarbonise wasteful energy 
consumption by simply subsidising more and more energy 
production is an exercise in futility.

The question is rather: How can we achieve a world with 
100 percent renewable energy and systematically tap into the 
existing energy efficiency potential? This has been neglected 
in many EU countries. Renewable energy was promoted and 
grid expansion was approved. However, groups advocating for 
reduced energy consumption have been less successful than 
those lobbying for more renewable generation and larger grids. 
This is partly a result of the disparate nature of the energy ef-
ficiency industry’s many different technological solutions.

The International Renewable Energy Agency (IRENA 2017) 
recently published a study systematically assessing the syner-
gistic effects of energy efficiency and renewable energy. The 
conclusion is that, in tandem with efficiency, higher penetra-
tions of renewable energy can be achieved, leading to signifi-
cantly lower energy system costs and faster decarbonisation of 
the energy system. This is the ideal scenario for the Efficiency 
First principle (Jahn and Gottstein 2015; BMWi 2016): If the 
long-term savings are more favourable than generating and 

transporting electricity, then the savings should be acquired, 
even in the case of local renewable generation. Wasting renew-
able energy due to inefficient end consumption is at cross-pur-
poses with the energy transition and consumer interests. This 
takes us to the role of self-consumption.

EFFICIENCY FIRST AND SELF-CONSUMPTION
Since self-consumption obviously stimulates investment while 
taking into account the individual interests of the owner and 
the circumstances of the building, this motivation should also 
be leveraged in other sectors. Accordingly, a fundamental privi-
lege, or support, for self-consumption should target the efficient 
use of self-generated electricity.3

For example, the level of privileges can be linked to the ef-
ficiency class of the building or the implementation of remedial 
measures (in Germany, an individueller Sanierunsfahrplan, or 
individual refurbishment schedule). Consequently, self-con-
sumption for a well-insulated building with an efficient heating 
system would be rewarded at a higher rate than an inefficient 
building. Since this subsidised self-consumption applies to low-
er volumes of electricity, the privilege also puts less strain on 
other consumers compared to maximised self-consumption in 
an inefficient building. From an economic perspective, a cost-
neutral approach can be applied that maximises the added 
value, since the decarbonisation result per euro invested can 
be increased. Looking beyond our borders reveals that this ap-
proach is not entirely new.

3. In principle, it is, of course, up to the consumer to decide for what purpose and 
in what quantities they consume electricity. A state acting in the public interest 
should, however, only discuss improving individual targets in combination with 
achieving overall societal targets, i.e. climate targets.

 

Figure 2. Relative frequency of various energy performance classes in Germany, differentiated by single-family and two-family houses, or 
multi-family houses. Source: Steuwer, 2018.
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INTERNATIONAL EXPERIENCE
There are already international practices with linking end-use 
efficiency improvements to customer-sited renewables produc-
tion and consumption:

United Kingdom
In April 2012, the British government introduced an energy ef-
ficiency requirement for households (Rosenow et al. 2016) that 
want to install solar modules on their buildings and claim the 
full feed-in tariff. This minimum legal requirement stipulates 
that the building must have energy efficiency class D or better 
(DECC 2012; DECC 2015). 

In Kirklees County, West Yorkshire, a similar requirement 
was introduced at the local level (Schofield et al. 2010) before 
2012: Under the RE-Charge system, the installation of renew-
able energy technologies, such as photovoltaic systems and air 
source heat pumps, was only encouraged if basic energy effi-
ciency measures had already been carried out in the building. 
Analysis of UK feed-in tariffs and efficiency requirements has 
shown that households that have installed a photovoltaic sys-
tem are more likely to have invested in energy efficiency meas-
ures than households without PV. For example, 86 percent of 
all households with photovoltaic systems have also invested in 
wall insulation and roof insulation measures (DECC 2015).

Flanders
In Flanders (Belgium), a comparable approach was already 
adopted in 2010 (government of Flanders 2019): In order to 
obtain a so-called Green Certificate for the generation of elec-
tricity using photovoltaic systems, the roof or attic floor must 
achieve a minimum thermal resistance of 3 m² Kelvin per watt.

California
In California, consumers must undergo an energy audit be-
fore they can claim their own consumption privilege (State of 
California 2018). Here, for example, the efficiency potentials 
to be fulfilled are determined and even the financing for their 
implementation. Only after implementation of the efficiency 
measures can a grid-connected rooftop photovoltaic system be 
used accordingly.

Netherlands
Successful renovation is beginning to establish itself in the 
Netherlands through the so-called energy sprong. The costs 
have already been considerably reduced by economical, indus-
trial prefabrication and installation of the insulation elements. 
The remaining electricity and heat consumption of the build-
ing is covered to the greatest extent possible by photovoltaics 
on the building’s rooftop. This option provides consumers with 
the security provided by housing costs that, by law, will not be 
subject to fluctuations from heating costs. However, the basis 
for this “net zero energy” refurbishment is the annual balancing 
of the household’s own electricity generation with electricity 
consumption (Transition Zero, 2017).

Conclusions
In order to systematically comply with consumer demand for 
self-consumption, policymakers must evaluate the energy and 
heating sectors together and address them in a coordinated 

fashion. This implies that self-consumption represents a higher 
overall value for efficient use cases and should therefore be re-
warded at a greater rate than less efficient cases.

The current decision for the EU Renewable Energy Directive 
stipulates that self-consumption for renewable energy plants 
with a capacity of up to 30 kilowatts will no longer be bur-
dened with levies and taxes. Even if this is fully implemented 
in Germany, there is also an additional privilege, for example 
through the remuneration rules for surplus electricity fed into 
the system and subsidies for photovoltaic battery storage sys-
tems. Therefore, consideration should be given to linking these 
privileges to efficiency standards or to the efficiency class of 
the respective building. Moreover, in order to address the im-
provement of the building efficiency class. Applicants could be 
required to prepare and implement the recommended meas-
ures outlined in the individual refurbishment schedule (BMWi 
2017). There are also other options relating to network charges, 
such as time-differentiated network fees or independent feed-
in tariffs (Kolokathis et al., 2017), that can be linked to the ef-
ficiency level of the building.

It is important to note that the energy system transformation 
will not be achieved solely through the promotion of self-con-
sumption. Even so, without systematically factoring self-con-
sumption into the energy transition, there is risk of lock-in 
effects, making the overall transition more expensive and more 
difficult. The energy refurbishment rate in Germany must in-
crease to two to three percent per year in order to meet climate 
change and energy transition targets (Rein 2016). However, the 
energy efficiency incentives required to do so are inadequate, 
especially for existing buildings (Rosenow and Jahn 2016) and 
the current renovation rate remains at around one percent per 
year (dena 2018). The incentive to consume self-generated elec-
tricity inefficiently results in higher support costs. Therefore, 
the promotion of solar self-consumption should be in some 
way dependent on a target level of overall building efficiency. 
One way to do this is to link this privilege, at a minimum, to a 
sustainable insulation standard (Flanders). As the example of 
the Netherlands shows, it is even possible to refinance complete 
energy refurbishment of buildings by means of a long-term im-
provement scheme such as annual net energy metering. 

Further on, as long as today’s German system of promoting 
battery storage, a single feed-in-tariff for roof top PV, and non-
time-varying network charges is linked with the intention of 
optimising private self-consumption, it will be an expensive 
and inefficient approach that needs to be reconsidered. If the 
promotion measures mentioned above cannot be adjusted due 
to other policy requirements, such as public acceptance, con-
necting energy efficiency and PV self-consumption addresses 
several issues while making best use of available funding. View-
ing the challenges, goals, and options around self-consumption 
and building efficiency as one comprehensive issue opens up 
new possibilities that should be urgently discussed.
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