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Foreword

Ladies and Gentlemen,

Energy efficiency is a key requirement for a successful
energy transition and implementing the results of the most
recent climate conference in Paris. Efficiency First means
that the energy saved does not need to be generated, stored
and transported. Energy efficiency permits us to reduce

the costs of decarbonising our economy. What is more, the
energy saved does not need to be paid for.

The progress made in the recent past clearly shows that
economic growth and falling energy consumption are
mutually compatible. The National Action Plan on Energy
Efficiency (NAPE) presented by the Federal Ministry for
Economic Affairs and Energy back in December 2014 is a
comprehensive package of measures to step up energy effi-
ciency. All main measures have since been implemented so
that we are making energy efficiency one of the key pillars
of the energy transition.

However, it is also necessary to give thought today to the
additional steps needed to halve energy consumption by
the year 2050. We must also develop answers to new ques-
tions such as how energy efficiency and renewables can be
ideally interconnected or how the integration of energy
sectors (sector coupling) can contribute to decarbonisation.
We must also take care not to lose sight of the costs for the
consumers concerned.

In order to achieve our long-term goals we must make
systematic use of all opportunities presented for more
energy efficiency, with both tried and tested and innova-
tive approaches. This is why we are initiating a process of
consultation with the Green Paper on Energy Efficiency
which is aimed at achieving a mid- to long-term strategy
on reducing energy consumption in Germany.

I would ask you to become actively involved in this consul-
tation. Your opinion and your suggestions on the topics
and key issues of the Green Paper are important to us! The
energy transition is entering the next phase. Be part of the
discussion!

\(;&w #u

Sigmar Gabriel

Federal Minister for Economic Affairs and Energy



1. The Green Paper on Energy
Efficiency: goals and dialogue
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With its energy transition, Germany has embarked on a
comprehensive and far-reaching transformation of its
energy supply. The energy transition is founded on two
basic pillars: expanding renewable energies and stepping
up energy efficiency. Focus was initially placed on phasing
out the use of nuclear energy whilst developing new power
generating capacities from renewable energies with the
attendant demands on infrastructure (networks, storage
facilities), costs and conventional power production.

With the National Action Plan on Energy Efficiency, the
Federal Government has strengthened the pillar of energy
efficiency in the energy transition in this legislative period
with the aim of reducing energy consumption by raising
energy efficiency. The cost efficiency of the energy transi-
tion must be enhanced and the dependence on energy
imports reduced in the medium to long term. At the same
time, the reduction of energy consumption is of paramount
importance for the success of German energy and climate
policy as a contribution to implementing the results of the
2015 United Nations Climate Change Conference in Paris
(COP21). This is because the resolutions made in Paris
define a goal to restrict the rise in temperature, from which
only a very tight budget for global greenhouse gas emissions
can be derived. Together with the EU’s climate protection
goals this leads us to the conclusion that emissions from
the combustion of oil, coal and gas fossil fuels must be
broadly reduced. The fastest and direct path to achieving
this objective is to cut our energy consumption by invest-
ing in efficiency technologies. The remaining energy require-
ments are covered by renewable energies - directly in the
individual sectors or in the form of renewable power, pri-
marily from wind and sun. Furthermore, we must pursue
an integrative approach for the power, heat, transport and
industrial sectors of the future: power from renewable
energies will become increasingly important in the medium
and long term for the extensive decarbonisation of the
other sectors.

We have already made good progress in Germany in reduc-
ing energy consumption, as the Fourth Monitoring Report
on the Energy Transition has shown, for example. How-
ever, the ambitious goals of the energy concept require us
to step up the speed and make even better use of the exist-
ing efficiency potential. This is why with the “Green Paper
on Energy Efficiency” the Federal Ministry for Economic
Affairs and Energy (BMWi) presents hypotheses, analyses
and key questions on the central fields of action and chal-
lenges for the enhancement of energy efficiency and energy
savings.

The triad of the energy transition

Guidelines for the efficient use of energy: The Green
Paper on Energy Efficiency focuses on the question
of how energy efficiency can be further increased in
all sectors. During the course of the year, the Federal
Ministry for Economic Affairs and Energy will also be
launching a dialogue process entitled “Power 2030
on how a cost efficient power supply (generation, use
in heat, transport and industry, transport through the
power grids) can be guaranteed.

Power is a valuable and scarce commodity. Macro-
and micro-economic costs must be taken into con-
sideration regarding the three cornerstones “energy
efficiency”, “directly used renewable energies” and
the “use of power from renewable energies”. The
following guidelines result for this triad:

Firstly: The demand for energy must be distinctly
and sustainably reduced in all sectors (“Efficiency
First”). Germany has set itself ambitious climate
goals. Consequently, the use of the fossil fuels of oil,
coal and gas must be reduced as best possible. The
fastest and direct route to achieving these goals is to
cut our energy consumption by investing in efficiency
technologies. Renewable energies largely cover the
remaining energy demand.

Secondly: Direct use of renewable energies. Technol-
ogies such as solar thermal and geothermal energies
or biomass apply renewable energies directly without
converting them to power. Solar and geothermal
energies are used in particular for the heating and
air-conditioning of buildings and the provision of hot
water. Where the use of these technologies is not
expedient for economic or other reasons, power from
renewable energies is used. Biomass plays an impor-
tant role primarily in industry (production processes,
for example) and in transport (air transport, for exam-
ple). This also applies to the existing building stock
where solid biomass is concerned. Biomass is univer-
sally deployable but scarce. It is therefore used selec-
tively where solar or geothermal energies as well as
wind and solar power cannot be used rationally.
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Thirdly: Renewable power is used efficiently for
heat, transport and industry (sector coupling). The
demand for energy that remains despite efficiency
measures and direct use of renewable energies due
to economic or other reasons, is covered by power
from wind and sun - primarily in technologies which
replace many fossil fuels with a small amount of
power (for example, in heating pumps and electric
vehicles) or convert power into other energy sources
such as hydrogen (power-to-gas).

Consultation process for the Green Paper

A process of consultation is launched with the Green Paper
on Energy Efficiency which is aimed at achieving a medium
to long-term strategy on reducing energy consumption in
Germany through an efficient use of energy. To this end
we wish to discuss the Green Paper with interested citizens
in a consultation process and jointly work on solution
approaches. The hypotheses and key questions set out in
the Green Paper serve to focus the dialogue on the most
important aspects from our point of view. Additional ideas
and suggestions are, of course, welcome.

The process of consultation consists of the following
elements:

® Online consultation: The Green Paper is published
online at https://gruenbuch-energieeffizienz.de.
All interested citizens and all stakeholders have the
opportunity to send their comments on the BMWi’s
Green Paper directly online or at gruenbuch-effizienz@
bmwi.bund.de by 31 October 2016;

e Energy Efficiency Platform: Discussion of the Green
Paper with the participants in the Energy Transition
Platforms on Energy Efficiency and Buildings as a focal
topic for 2016;

e Regional events on the Green Paper, about which the
BMW:i will publish information on the Green Paper
website https://gruenbuch-energieeffizienz.de.

The BMWi will also be discussing this Green Paper with the
federal ministries concerned and similarly plans a close
policy exchange with the federal states. Not least the BMWi
is also interested in entering into dialogue with the other
EU member states and the EU Commission on the further
development of energy efficiency policy.

Following the consultation phase, the BMWi will submit
areport on the dialogue process and the comments and
suggestions received. On this basis, conclusions will be
drawn and recommended actions for a medium to long-
term efficiency strategy elaborated and brought together
in a BMWi White Paper on Energy Efficiency. For the area
of buildings, the main foundation will be provided by
the Energy Efficiency Strategy for Buildings (ESG) already
adopted by the Federal Cabinet in November 2015.


https://gruenbuch-energieeffizienz.de
mailto:gruenbuch-effizienz@bmwi.bund.de
mailto:gruenbuch-effizienz@bmwi.bund.de
https://gruenbuch-energieeffizienz.de

2. The energy consumption
chain - an overview
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Whether for steel production, as fuel for vehicles or to heat
homes, energy in its very broad variety of forms is a central
production and mobility factor and a basic prerequisite for
everyday life. This will continue to be the case in the future.
Two lines of approach have been established in the energy
concept to achieve our energy and climate goals: the expan-
sion of renewable energy sources and the reduction of pri-
mary energy consumption coupled with the enhancement
of energy efficiency. The energy efficiency of final energy
consumption, whether in industry, private households, the
transport sector or in trade, commerce and services, must
be increased distinctly whilst maintaining a high level of
well-being. The energy consumption of buildings must be
further reduced, household appliances made more eco-
nomical, and production processes optimised in terms of
the energy they consume.

Greater efficiency is required along the entire process chain
which starts long before final energy consumption. The
primary fuels which cannot be used directly by man pro-
vide a starting point here. These are firstly fossil fuels such
as crude oil, coal or natural gas and secondly renewable
sources such as the sun, wind and water as well as geother-
mal energy and ambient heat. Energy must be converted
into a useful form from these “raw sources®. This happens
using processes - complex and multi-staged in part-to
produce “final energy” in the form of diesel, petrol, natural
gas or electricity as well as useful energies such as heat or
light. The extraction, conversion and transportation of

the energy sources similarly require energy. The principle
applies here that the more complex and intricate the
upstream process is, the more energy must be produced.

Further losses are sustained on the last stage of the energy
consumption chain - the transformation of final energy
into useful energy. Only a part of the final energy is used
for the actually intended purpose such as in the form of
propulsion in cars, communication, light or heat in a build-
ing. The rest of the final energy typically occurs as waste
heat. Efficiency potential must be exploited here too.

The Green Paper focuses on the efficient use of final and
useful energy and the efficient transformation of final
energy into useful energy. The difference between primary
and final energy consumption primarily results within the
power sector (conversion losses in power generation, grid
losses) and from conversion processes in refineries. The
Federal Ministry for Economic Affairs and Energy discusses
the further development of the framework conditions for
the electricity market in the Discussion Paper entitled
‘Power 2030’ (Strom 2030).

Fig. 1 illustrates the path from primary energy extraction
to final energy consumption. Accordingly, 13,132 PJ pri-
mary energy was transformed into 8,648PJ useful final
energy in Germany in 2014. The conversion losses and the
consumption in the energy sector to maintain this conver-
sion system (e.g. in the form of electricity for consumption
by the power stations themselves, transmission losses in
power lines and also the fuels and power consumption for
the operation of refineries or the transportation of fuels)
totalled 3,482 PJ in 2014 and therefore accounted for a
good quarter of primary energy consumption.

The final energy amounts actually demanded in the sectors
were as follows in 2014:

® in transport: 2,629 P]

e inindustry: 2,508 PJ

in private households: 2,212 PJ

in trade, commerce and services: 1,298 PJ

By comparison: the entire (gross) power production in 2015
was some 2,340 PJ, of which wind and solar power genera-
tion as renewable energies accounted for more than 680 PJ.

These figures clearly show the challenge of decarbonisation
and the necessity to use energy efficiently. The central
questions are therefore as follows: how can we lower the
demand for energy and how can energy be converted and
used more efficiently in future?
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Figure 1: Energy flow chart 2014 in petajoules (PJ)
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much achieved but still much
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The development of energy consumption in Germany
impressively shows that a good and stable economic devel-
opment whilst consuming less and less energy is feasible.
Taking into account the large share assumed by the manu-
facturing industry in overall economic output, Germany is
one of the countries with the highest energy productivity
and lowest energy intensity in Europe.

In recent years it has been possible to noticeably reduce
primary energy consumption in Germany —in the period
from 2008 to 2014 by 8.3 per cent. However, it has emerged

3. ENERGY SAVING IN GERMANY: MUCH ACHIEVED BUT STILL MUCH TO DO

that the development differs from sector to sector. For
example, marked progress has been seen in the lowering of
energy consumption in buildings. By contrast, the energy
consumption in the transport sector actually rose in the
period from 2005 to 2014 and therefore clearly lags behind
the sectoral goal of the energy concept. Power consump-
tion in Germany has so far developed in line with the goal
of achieving a 10 per cent reduction by 2020. By contrast,
the power generation decisive for primary energy con-
sumption tends to stay at a constant level in Germany due
to rising electricity exports.
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Figure 3: Energy consumption and energy efficiency indicators of the energy concept
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Source: The Energy of the Future: Fourth “Energy Transition” Monitoring Report, updated.

In the medium and long term too, it can be assumed that
the absolute energy consumption in Germany will drop
further. However, a correct analysis of the state of affairs
must also take into consideration the fact that the ambi-
tious efficiency targets in the energy concept will not be
reached solely by the measures taken so far. The commis-
sion of experts on the “Energy of the Future” monitoring
process points out in its comments on the Fourth Energy
Transition Monitoring Report that significant differences
are to be observed between the progress made so far and
the target paths for energy consumption and productivity.
Accordingly, primary energy consumption declined by 0.5
per cent per annum in the period from 1990 to 2014. By
comparison, it would be necessary to triple this figure to
1.6 per cent from 2020 on if primary energy consumption
is to be halved by 2050.

A look at the current trend also shows the need for action.
A rise - albeit only moderate - is expected in the consump-
tion of primary energy in 2015.

Primary energy target 2050: a look at energy
consumption as a whole

A main objective of the energy concept is to halve
primary energy consumption by 2050. Primary
energy consumption comprises the entire energy
consumption in Germany and therefore the energy
we extract from fossil and other sources. Pertinent
primary energy factors (PEF) are used in energy sta-
tistics for conversion from final to primary energy.
They make it possible to show the different conver-
sion efficiencies in transforming one energy form
into another.

While the instruments and measures for saving
energy are primarily aimed at saving final energy,
they also lead to savings in the supply chain and
therefore to a reduction of the primary energy con-
sumption.
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This means that the trend achieved so far in the lowering
of energy consumption in Germany must not only be con-
tinued, but intensified. In addition to further developing
and optimising the existing instruments and the associated
investment costs, new challenges are also to be met. It is
against this background that the BMWi’s Green Paper opens
the debate on which additional measures and instruments
are necessary to sustainably intensify the trend towards
energy efficiency.

Energy efficiency: opportunities for growth and
employment

The energy transition will only be successful if we
distinctly lower energy requirements on a sustainable
basis also in future. At the same time everyone can
win from cutting energy consumption: businesses
and private consumers benefit from falling energy
costs; growth and employment rise due to more
value creation and greater investment in Germany.

The positive overall economic effects of the energy
efficiency policy are illustrated by a current model
calculation (Ecofys/Fraunhofer ISI/IREES/Oko-Institut,
2016). Effects between 2014 and 2020 are determined
here by comparing a projected trend with a hypo-
thetical reference trend without existing and intended
efficiency instruments. For this purpose, the invest-
ments induced inter alia by efficiency instruments
(including those of NAPE and the Climate Action
Programme 2020) and employment effects were ana-
lysed.* According to the model calculations, the effi-
ciency policy is expected to trigger additional invest-
ment of well over € 100 billion2005. A large part of
these investments is in the construction industry.

It was assumed here that the fiscal incentives for energy efficiency
measures in buildings provided for in NAPE will be implemented.
As a replacement, the Government has implemented additional
funding instruments for buildings with the Energy Efficiency
Incentive Programme.
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Both the costs for government aid mechanisms and
for the funding of investments of private households
and companies were taken into consideration in the
model calculation.

The conclusion reached is that the efficiency meas-
ures result in a positive growth effect: by comparison,
the gross domestic product in the efficiency scenario

is around euros 40 billion 2005 or 1.6 per cent above
the comparative figure for the reference trend (i.e.
without efficiency instruments) in the year 2020. The
study also shows a positive effect for employment in
Germany with almost 190,000 full-time jobs in 2020.
The authors point out here that the estimate of the
macroeconomic effects can be influenced by the cur-
rently low energy prices.

Figure 5: Increase in employment in individual sectors as a result of efficiency measures, 2020
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4. Central challenges for the
energy efficiency area
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The National Action Plan on Energy Efficiency (NAPE)
strengthens incentives for energy efficiency investments
with a large number of individual measures and subse-
quent work processes. We can expect considerable pro-
gress to be made in improving energy efficiency by 2020.
However, even today thought must be given to the future
beyond this date and the strategic challenges arising for
energy efficiency policy - particularly with a view to the
goal of halving primary energy consumption by the middle
of the century. We wish to kick off the analysis with the
Green Paper and also discuss the conclusions for today’s
mix of instruments. With this aim in mind the Green Paper
focuses on five key areas:

e Efficiency First (chapter 4.1): How can the basic princi-
ple of the primacy of avoidance and reduction of energy
consumption be specifically applied in planning and
steering processes of energy policy and of the energy
market?

e Further development of the instruments (chapter 4.2):
How can today’s instruments be further developed to
achieve the goal of halving the primary energy con-
sumption by 2050? How can fundamental challenges
(e.g. rebound effects) and current trends (e. g. falling
energy prices) be met?

e Energy efficiency policy at a European level (chapter 4.3):
How is the European framework for efficiency policy
developing and how can an effective distribution of
tasks between European and national levels be
achieved?

e Sector coupling (chapter 4.4): When growing portions
of renewable energies in the power sector are used for
further decarbonisation in other sectors, which require-
ments are to be formulated for an energy-efficient use
of power from renewable energies considering other
decarbonisation options?

e Digitalisation (chapter 4.5): Which challenges and
opportunities are presented by the use of digital tech-
nologies for the control of energy consumption and
generation? How will “digital business models” alter
the energy market, and what does this mean for energy
efficiency policy?

Hypotheses on these subjects will be set out and discussed
in the following chapters. The sections close with key ques-
tions for the consultation process.

4.1 Efficiency First

Hypothesis 1: Efficiency First leads to a cost optimisation
of the Energy Transition and strengthens the decarboni-
sation effect of renewable energies.

“A unit of energy that can be saved need not be generated,
stored or transported” is the basic Efficiency First premiss.
Energy efficiency saves energy, contributes to lowering
greenhouse gas emissions and therefore generally facilitates
the transition of our energy supply to renewable energies.

Comparison of total costs of power generation and
transport with and without the achievement of
energy efficiency goals of the energy concept

As a study conducted by Prognos and IAEW in 2014
shows, if the goals of the energy concept are vigor-
ously pursued, more than € 12 billion can be saved in
2035 and 21 billion in 2050 in the power system alone
on the generation and grid side, and the need for
future expansion of the electricity grids reduced con-
siderably. This accounts for cost savings in the elec-
tricity system of some 13 cents per kilowatt hour of
electricity (in 2035) for generation and grid capacities
which are then no longer required.
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Figure 6: Total costs of power generation and transport
in bn. Euro 2012
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In future, the energy policy direction is to be more closely
aligned with the basic aim of making far-reaching and
financial savings as far as possible in all areas where this is
cheaper from a macro-economic point of view than build-
ing new generation, storage and grid capacities. A sensible
and contextual prioritisation of energy efficiency before
expanding generation capacities can lead to optimising the
costs in the energy system and increase the opportunity
to stay within the remaining greenhouse gas budget. From
a planning perspective, the implementation of Efficiency
First means that the sizing and shaping of the system is
primarily determined by the demand side.

Hypothesis 2: The guiding principle of Efficiency First
becomes the strategic planning instrument for our
energy system.

If the energy system is planned primarily from the supply
side (import, production, generation and distribution), a
risk of over-dimensioning the infrastructures exists, where
either savings with a high system benefit are not made or
foreseeable consumption cuts are not included in the plan-
ning and organisation of the energy infrastructure. This
effect is particularly defining because there are considera-
ble path dependencies in the energy system due to long-
term investment horizons (capital-intensive investments in
infrastructures with long serviceable lives). This also applies
to a great extent to efficiency investments (e.g. in building
envelopes, products, production apparatus, plant infra-
structure etc.).
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With the Efficiency First approach, the planning and
organisation of the energy system is primarily demand-led.
In order to avoid additional costs in system planning and
extension, different scenarios for the development of
energy demand are intended to show which alternative
options exist to avoid or save energy or to improve energy
efficiency. On this basis, the supply system can be dimen-
sioned and shaped in a cost efficient manner in overall
economic terms. In addition to the higher ranking plan-
ning instruments (and the change in planning routines),
the principle of Efficiency First is to be reflected particularly
in those operative instruments with which the investments
and costs of the energy system can be controlled in the
medium term.

Energy Efficiency Strategy for Buildings

The Energy Efficiency Strategy for Buildings (ESG)
adopted by the Federal Government in November
2015 shows how the two options of energy saving
and use of renewable energies may be systematically
analysed and incorporated in an integrated action
approach. For this purpose, two target scenarios have
been developed which aim at achieving a virtually
climate-neutral building stock by 2050 and therefore
define a corridor within which the aspired-to reduc-
tion of the primary energy requirements can be
achieved:

e Target scenario “energy efficiency”: This scenario
aims at a maximum increase in energy efficiency
up to 2050 by energy savings up to a maximum
achievable limit according to current estimates of
-54 per cent compared with 2008. This results in a
lower demand for renewable energies.

e Target scenario “renewable energies“: This
scenario places greater emphasis on expanding
renewable energies and a somewhat smaller
increase in efficiency.

The target scenario “energy efficiency” has a distinctly
smaller power demand in 2050 than the target scenario
“renewable energies”, i.e. the need to adjust the expan-
sion path for renewable power ought to be smaller.
This scenario also requires less biomass. However, the
scenario would lead to higher investment costs in

residential buildings. Considerable efficiency poten-
tial therefore exists in the area of buildings through
measures such as insulation of the building envelope,
use of efficient windows and equipment. But there are
technical and financial limits. Firstly, the energetic
quality, of the building envelope for example, cannot
be indefinitely improved. Secondly, the initial effi-
ciency gains from the renovation of buildings can be
achieved relatively cheaply but additional progress is
often associated with rising costs.

The target scenario “renewable energies” shows that
mentionable potential exists for the use of renewable
energies in the area of buildings. This potential can be
increased by using sustainable, predominantly solid
biomass, environment heat, solar thermal energy and
photovoltaics. However, here too, there are technical
and financial limits. The scenario assumes a distinctly
higher use of biomass than the efficiency scenario.

In view of the fact that biomass for energetic use is
limited so that the different uses compete with each
other, the question arises in which energy sectors it can
be used efficiently in the long term. With an overall
lower increase in efficiency, the use of heat pumps

is distinctly more limited because they can only be
operated economically and efficiently in the low
temperature area of panel heating systems (usually
underfloor heating) in very well insulated buildings.

Key questions:

1. How can the principle of Efficiency First be systemati-
cally applied in all sectors?

2. What could be the foundations (e.g. cost indicators)
for a systematic consideration of the fundamental
decision of “Cutting energy consumption versus main-
taining or creating capacities to cover demand”?
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Hypothesis 3: The creation of a common legal framework
for energy efficiency enables the principle of Efficiency
First to be anchored in law.

There has not so far been any cross-sectoral legal frame-
work for the action field of energy efficiency. Correspond-
ing sets of regulations and legal foundations exist for dif-
ferent areas. Different legal foundations apply depending
on the stakeholder or sector concerned.

The extent to which anchoring Efficiency First as a plan-
ning and organisational principle in the entire efficiency
area could be moved forward by statutory measures is to
be clarified. For example, an energy efficiency act could
define a cascade for the relationship between energy sav-
ings, efficient use and energy generation. The advantages
and disadvantages and the different options for bringing
together the various pieces of energy efficiency legislation
in a common legal framework should also be determined.

Following the principle of Efficiency First, the national
efficiency goals could be anchored in an energy efficiency
act, for example. In terms of the statutory framework, an
energy efficiency act could contribute to standardisation
and ensure that the legal material could be developed con-
sistently. New demands which are to be expected in future
(e.g. implementation of EU law, quality assurance in con-
sulting) could also be integrated into an energy efficiency
act. An act of this type, which includes the goals, could in
the long term also facilitate an interconnection of power
from renewable energies and energy efficiency, e.g. in
terms of a consistent stipulation of targets. This intercon-
nection will become increasingly important for the action
field of sector coupling, for example.

Depending on content, new issues would also arise from an
energy efficiency act which will have to be discussed. Does
the anchoring of goals in law actually help with the main
problem in the efficiency area, that of reaching existing
ones? Does the added value of an efficiency act outweigh
the costs and possible disadvantages which could be associ-
ated with the merging of the existing legislation (growing
complexity of the goals in the energy area, possible new
target conflicts, relationship with the existing goal hierar-
chy of the energy concept)?

Key questions:

1. Does a merging of existing energy efficiency legisla-
tion and anchoring energy efficiency goals in a com-
mon legal framework create added value?

2. If this is the case, which areas should be covered by an
energy efficiency act, and how could the principle of
Efficiency First be anchored in a general part?

4.2 Further development of the instruments of
an energy efficiency policy

Hypothesis 4: The existing instruments of energy effi-
ciency policy have permitted a rise in energy efficiency
but must be further developed and supplemented if the
long-term objectives are to be reached.

A central and ambitious goal to halve primary energy
consumption by 2050 has been formulated in the energy
concept. The achievement of this goal is at the same time
a fundamental condition for the success of the energy
transition as a whole. What is more, distinctly reducing
the consumption level will enable the challenges of system
integration and affordability of renewable energies to be
met more easily.

The instrument canon of energy efficiency policy

Information and advice: This instrument category
includes the promotion of advisory products, such as
in-situ advice, alongside the provision of information
by the public sector. The Federal Government will

be implementing a comprehensive communication
strategy in 2016. It will also be important to better
interlink different advisory products, particularly
advice on material efficiency and energy efficiency.

Financial support: Traditional support instruments
include in particular direct subsidies and low-interest
loans in connection with repayment bonuses (such
as in the CO, building rehabilitation programme) for
investments.
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Regulatory law: Provisions of national or EU regula-
tory law comprise bans and requirements, technical
standards and mandatory product labelling. Examples
are the provisions of the EU Building Directive and the
EU Ecodesign Directive as well as energy efficiency
standards for buildings stipulated in energy saving
law at a national level. The most important condition
for the efficacy of instruments of regulatory law is
securing its implementation.

Price measures: Price measures are, for example,
energy charges and taxes as well as certain toll models.

Quantitative measures: Quantitative measures target
the quantity of energy consumption or of emissions
using quotas or certificates. It is frequently associated
with a trading component which serves to enhance
the market incentive. Examples include EU emission
trading or the energy efficiency obligation schemes
which exist in many EU countries.

Research & Development: Broad-based and well-
networked energy research is an important condition
for the testing and bringing to market of energy-
efficient technologies.

German energy efficiency policy is based on a broad instru-
ment mix in accordance with the principles of inform,
support and demand. The Federal Government has launched
numerous additional measures with the National Action
Plan on Energy Efficiency (NAPE). The portfolio of energy
efficiency policy has grown noticeably particularly in recent
years. As a result, a large number of stakeholders and sectors
are addressed and the “white spots” have become smaller
in many places. It is also essential to take a look at other
policy areas. For example, an increase in efficiency in the
use of raw materials can also have an impact on energy
consumption. Accordingly, the Federal Government set
itself the goal in 2016 in its updated national resources
efficiency programme - ProgRess II - to interlink materials
and energy efficiency more strongly in order to use synergies
and identify - and where possible remedy - target conflicts.

However, the challenge in view of the future long-term
trend of energy consumption is how the instruments used
so far can be further developed (see chapter 3). Even though
existing measures will continue to have an impact on
consumer savings, the set of instruments must be further
developed and supplemented. What is more, energy effi-
ciency policy faces known and new challenges, which will
be outlined in the following.

Specific versus absolute energy consumption reductions

Whilst the energy concept sets an absolute target to halve
primary energy consumption by 2050, the instruments of
energy efficiency policy in Germany are primarily directed
at specific energy savings (e.g. per kilometre travelled or
square metre to be heated). Economic and income growth
facilitates not only investments in energy efficiency but
frequently leads simultaneously to a growing demand for
goods and services which are associated with energy con-
sumption in products, provision and use. Ultimately, the
absolute reduction in energy consumption can lag behind
the specific one.

One aspect of this issue refers to so-called rebound effects
which lead to a diminishment of energy savings from
energy efficiency measures (see box). Prominent examples
of rebound effects are to be found in the area of power,
buildings and transport. For example, more energy-efficient
lighting invites more frequent use, whilst buildings which
have been rendered more energy efficient make higher
inside temperatures more affordable so that the demand
for heat increases.

If changes in behaviour which lead to greater energy con-
sumption following efficiency measures can be avoided or
reduced, distinctly higher absolute energy savings can be
achieved. Instruments of energy efficiency in use so far,
which are typically directed at specific efficiency increases,
manage to do this to only a limited extent. This is why
energy efficiency policy should be further developed with
the challenge of mitigating possible rebound effects in mind.
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Rebound effects: Definition, extent, solution
approaches

A rebound effect in connection with stepping up
energy efficiency is said to exist if the efficiency
increase brings about a greater demand or use, thereby
diminishing the actual saving. From an economic
point of view, it can be explained by the fact that the
costs of using a product drop. But psychological and
regulatory factors which influence individual behav-
iour can also lead to non-realisation of expected
efficiency potential. A distinction is made between
the following types of rebound effects:

e Direct rebound effects: Greater demand for the
more efficient product or the more efficient service
may ensue following an increase in efficiency.

e Indirect rebound effects: Following an improve-
ment in efficiency, energy consumption may
increase in the form of higher demand for other
products or services, e.g. because the more effi-
cient product frees up financial resources and
therefore purchasing power.

e Overall economic rebound effects: A greater
demand for energy in a macro-economic context
may arise as a result of altered demand, produc-
tion and distribution structures based on techno-
logical improvements in efficiency.

Empirical findings indicate that the extent of rebound
effects varies greatly, depending on sphere of action
and design of the efficiency measure. The German
Environment Agency (UBA) has currently had studies
analysed on this topic. Direct consumer-side rebound
effects in the magnitude of 20 to 30 per cent are
determined for different energy services, i.e. the
possible savings are 20 to 30 per cent smaller. Added
to this are indirect consumer-side rebound effects of
5 to 15 per cent on average.

Instruments of energy efficiency policy are sensitive
to rebound effects to different degrees. At the same
time, there are accompanying measures which facili-
tate the exploitation of potential to reduce energy
consumption in absolute terms also in the face of
rebound effects. These include consumption-specific
taxes and charges and quantity-controlling systems
of tradeable certificates.

Low-price environment

The price declines in important energy markets are currently
intensifying the existing impediments - such as the rebound
effect - on the path to lower energy consumption. The oil
price, for example, dipped to below 30 US dollars for a bar-
rel in phases of spring 2016, and, at a current 50 US dollars
per barrel, is at a low level by long-term comparison. The
financial incentives to conduct energy efficiency measures
also drop as energy prices decline.

Whilst it is not clear which price trends are to be expected
in the short, medium or long term, it can be said without
doubt that a systematic global climate protection policy
based on the agreement achieved in Paris can contribute
to lastingly reducing the demand for fossil energy sources,
thereby curbing the prices of fossil fuels.

Furthermore, even short-term price declines can have
long-term consequences for energy consumption if the
low price level leads to investments in durable goods and
technologies which are less efficient (so-called lock-in
effects). Against the backdrop of the current price environ-
ment and precisely in view of the price uncertainties and
volatilities, the instruments of energy efficiency policy
should therefore be able to “cope” better with price trends
and contain enough elements with effects which are not
dependent on the price level.
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Incentive effects of low energy prices — example of
replacing heating boilers

Family A lives in a typical house with 150 m? living
space heated by an old and oversized oil-fired boiler.
Every year family A uses an average of 2,600 litres

of heating oil. Due to the strong fluctuations in the
heating oil price, they have paid between 1,250 and
2,500 euros for it over the past 15 years. The old heat-
ing pump consumes around 400 kWh of electricity
per year, burdening the household budget by just
under 120 euros annually.

A new pellet-fired boiler with optimum heating per-
formance has an annual degree of efficiency of over
85 per cent in terms of the calorific value. The heat-
ing system is also balanced hydraulically and a new
heat pump installed. This package of measures saves
operating and fuel costs of some 400 to 1,000 euros
per year. The hydraulic balancing and the new pump
reduce the power consumption by 300 kWh or the
costs by a further 90 euros per year. The new pellet-
fired boiler is subsidised by 4,200 euros per annum in
the renewable energies Market Incentive Programme
and the Energy Efficiency Incentive Programme.
The total investment amounts to 18,900 euros. After
deduction of the government subsidy of 4,200 euros,
family A still needs to find 14,700 euros.

The savings are an important incentive for family A
to decide to invest in a new heating system. If the fuel
prices for heating oil and pellets are high, the entire
investment will have been paid back completely from
the savings after only 13 years. By contrast, if the fuel
prices drop permanently to the current level, 28 years
will pass until the investment is repaid completely.
This refers to a repayment of the entire investment
costs by the lower operating and fuel costs as a result
of the measures. In fact, the old oil-fired heating
would have to be replaced anyway in the long-term.
The repayment of the additional expenses solely for

a pellet-fired boiler compared with a conventional
oil-fired heating system is possible distinctly faster.

Government funding is already well established

An effective incentive for greater energy efficiency can be
set by government funding for private and commercial
investors in the implementation of energy efficiency meas-
ures. Incentives motivate investors to use particularly effi-
cient or innovative technologies which prepare for market
launch and improvements to be made in the competitive-
ness of these technologies. A good example of this is the
CO, Building Rehabilitation Programme with which the
Federal Government is already preparing to introduce nearly
zero energy buildings, for example, in accordance with the
EU Buildings Directive. In a similar way, the requirements
of the Market Incentive Programme to promote measures
to use renewable energies in the heating market is driving
the use and development of heat technologies of renewable
energies. The government funding policy has been given
considerable impetus in recent years, not least by the
National Action Plan on Energy Efficiency (NAPE). Offers
of state and regional funding now exist for almost all rele-
vant stakeholders and sectors.

However, the effects of funding programmes cannot be
scaled randomly - not least due to the limitations to the
budgetary resources available for this purpose. In the com-
mercial sector, the incentives (funding rates and intensities)
are also restricted to a specific level due to the EU legal
framework for subsidies. Funding programmes for effi-
ciency measures in private households are also subject to
budgetary limitations, e.g. with respect to the involvement
of energy efficiency service companies. This framework is
particularly suitable to tap additional efficiency potential
in the area of replacement and modernisation. By contrast,
the incentive for making efficiency investments outside
the regular replacement and modernisation cycles based
on funding measures alone is less effective. An example of
this is the rate of renovation of the building stock which
has been relatively constant for many years.

A hike in demand for efficiency measures through more
funding would require a far higher funding intensity. This
policy would hardly be affordable and the use of efficiency
potential cannot be made solely dependent on the offer of
public assistance programmes.
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This environment leads to a clear need to further develop
the energy efficiency policy.

Key questions:

1. Which measures are appropriate and sensible in addi-
tion to the current instruments of energy efficiency
policy to achieve the goal of halving primary energy
consumption by 2050?

2. Which instruments are suitable by preference to
increase energy efficiency in a low energy price
environment?

Further development of energy efficiency policy:
instrument categories

In simplified terms, (combinable) options can be
presented for a further development in the form of
different instrument approaches; these are based

on the instrument mix in use to date, but are supple-
mented and taken to the next stage by new measures.

Quantitative measures:

For the area of standardisable technologies - with
which the transaction costs tend to be low - an
exemplary key instrument could be the introduction
of a system of tradeable energy saving quotas (white
certificate model). The latter could be modelled pre-
cisely on final energy consumption which is not cur-
rently covered by emissions trading. Alternatively, a
saving model could be introduced at the level of the
placing of energy sources on the market (so-called
upstream approach), e.g. with respect to the use of
primary energy. The energy saving effects of these
two instruments are not impaired by rebound effects
or the current low-price environment. Both approaches
are also market-compliant and lead to a cost-efficient
solution because the decision to take individual saving
measures is left to the market players.

Regulatory law:

In the area of buildings, a further development of
regulatory law for the building stock would be con-
ceivable. Minimum standards could also contribute
to avoiding any impending lock-in effect, for exam-
ple the installation of durable and comparatively
inefficient technologies. In the transport sector too,
further savings could be achieved, for example, by the
planned obligatory calculation and statement of the
specific fuel consumption of commercial vehicles

on the basis of certified measured values of relevant
components. The measures which can bring about
decarbonisation in the transport sector are also being
discussed at a European level. The EU Commission
has announced that it is also examining the introduc-
tion of efficiency standards for engines of heavy-duty
commercial vehicles. An important supportive func-
tion is attributed to strengthening the regulatory law
so far in place, which primarily comprises energy sav-
ing law for buildings, the EU ecodesign and labelling
directives.

Price measures:

Instruments targeting the price of energy are in prin-
ciple in line with the market, guarantee cost efficiency
and comply with the polluter-pays principle. They
also have the advantage that the incentive to lower
energy consumption remains equally high with every
unit of energy consumed. Mechanisms to adjust to
fluctuations in the raw material prices for energy
sources would be conceivable, e.g. by indexing tax
rates. However, the impact on the tax revenue must
also be considered here. Resultant tax revenue should
be used to support measures to implement the energy
transition, particularly in the area of energy efficiency.
As higher ranking price measures effective in all sec-
tors, both an adjustment of the existing energy and
electricity tax, the introduction of a CO, tax (possibly
levied throughout Europe) and bonus-penalty systems
are all conceivable.
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Hypothesis 5: Market solutions and new services will
accelerate the increase in energy efficiency and make
an important contribution to implementing the energy
transition.

Investments associated with energy efficiency measures
typically assume expertise and empirical values, which is
why a dynamic market for professional energy efficiency
services is an important condition for a sustainable increase
in energy efficiency. With its National Action Plan on Energy
Efficiency, the Federal Government has set the parameters
for the further development of the market for energy effi-
ciency services. For example, at the beginning of 2016, it
improved the framework for default guarantees and there-
fore the funding conditions for contracting services.

The market for energy efficiency services

The market for energy services comprises the four
product groups of information, consulting, energy
management and contracting. In the residential
building sector, offers exist both for owners and for
tenants. Numerous offers also exist for companies of
all sizes, such as on the optimisation of the energy
efficiency of production plants. Some 19 per cent of
home owners and at least 23 per cent of SMEs have
currently already taken up the offer of high-quality
energy advice with an on-site analysis by a consultant.

Energy management systems are widespread, particu-
larly in companies which benefit from exemption
from energy-related taxes or surcharges. As much as
12 per cent of companies with 50 to 249 employees
now have a certified energy management system.
Many companies are also using energy controlling
solutions.

In the area of energy performance contracting, the
willingness of property and plant owners to bind
their assets to long-term contracts continues to be
limited. Only 1.6 per cent of all SMEs have so far
made use of extensive energy performance contract-
ing. Instead, offers for energy supply contracting con-
tinue to dominate.

All in all it can be said that the market for efficien-
cy-enhancing energy services in Germany has basi-
cally established itself both in terms of the breadth
and the depth of the offers. However, if the entire
market potential is to be used, the framework for the
energy efficiency services market must be further
developed.

Irrespective of this, structural impediments remain, the
dismantling of which can make an important contribution
to developing the market for energy efficiency services.
However, different interests must be taken into considera-
tion here, e.g. in terms of funding efficiency investments
and the possibility to use the profits of efficiency invest-
ments. The existing legal framework frequently fails to
solve this investor-user dilemma. In some cases, the own-
ers are required to make the decision to invest in measures
designed to enhance energy efficiency but the incentives
to do so are inadequate because the energy costs are borne
by the users.

With a view to the specific shaping of the framework con-
ditions of the energy service market, it can be said that
the identification of suitable and in particular innovative
technologies and weighing up different technological alter-
natives — where they exist - is primarily the task of market
players. Technological solutions will only be financially
tenable in the long term if a corresponding profit- and use-
orientated demand for them exists, which is why energy
efficiency policy should in future be structured such as to
leave the choice of technology open. Competitive tender-
ing models could be given greater consideration here.

We also believe it to be necessary to check how and in which
areas a standardisation is to be brought about at a national
and European level as a prerequisite for a cross-border sin-
gle market for energy efficiency services. Enhanced market
transparency and standardised business models (e. g. for
accounting, measuring energy savings, cost distribution)
could contribute to reducing transaction costs and risks
and therefore to making the funding of investments in
energy efficiency easier.
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Key questions:

1. Which instruments are particularly suited to providing
an incentive for energy services to increase energy
efficiency?

2. In which areas is standardisation advantageous or
necessary to develop the market for energy efficiency
services?

4.3 Energy efficiency policy at a European level

Hypothesis 6: An effective energy saving policy at a
European level works best with clear targets.

Not only at a national level but also throughout the EU,
there can only be a sustainable energy supply system and

a successful decarbonisation strategy if additional energy
savings are made. This requires close interaction at Euro-
pean and national level to coordinate energy saving efforts
(“governance”). This coordination essentially covers three
areas: 1) targets and assignment of contributions to achieve
the targets; 2) the selection of suitable instruments; and 3)
the development of markets for energy efficiency services.

Indicative European savings targets currently exist for the
years 2020 and 2030. The attainment of the 2020 target

is based on a system of voluntary contributions by the
member states. Whether this approach is also to be used
for the 2030 target has not yet been finally decided. The
contributions to the achievement of the 2030 target by fur-
ther energy efficiency directives (e.g. for buildings, prod-
ucts and cars) and the Energy Efficiency Directive (EED)
designed as a cross-sectional measure are still to be evalu-
ated. The implementation of the directives is a matter for
the member states. In addition the figures in the Directive
are geared to savings against a reference trend. The current
coordination system guarantees flexibility in the choice

of instruments and control, but entails the risk of failure

to meet targets and can lead to friction between member
states and the European Commission.

The options for action are reflected in the following two
alternatives:

a) Continuation of the status quo: indicative targets associ-
ated with a mix of European and national instruments;

b) Binding target distribution/effort sharing and binding
European instruments for target attainment.

An aspect to be considered for alternative b) is the expected
greater political effort involved and possible time delays
which could be expected in the negotiations and implemen-
tation of binding targets and mechanisms. The current
approach would have the advantage of being able to better
adjust the energy saving policy to national circumstances
and would leave greater leeway to use suitable national
instruments. It would therefore do better justice to the prin-
ciple of subsidiarity. However, it is questionable whether
the target achievement can be adequately secured in this
way. Using a harmonised policy approach, a clear target
distribution and the securing of target achievement could
be guaranteed through strong and clearly structured Euro-
pean mechanisms than is the case in the status quo.

Key questions:

1. Which advantages and disadvantages speak in favour
of strengthening the Community level in the imple-
mentation of the European energy efficiency goal for
2030?

2. Should the EU efficiency goal for 2030 be formulated
in a more binding manner beyond the existing direc-
tives and political decisions?

Hypothesis 7: The greater use of EU Community instru-
ments supports and strengthens the national energy
efficiency instruments.

The more sophisticated target definitions will presumably
require additional instruments to achieve the respective
energy saving targets. In addition to the question as to which
instruments could be suitable for this purpose, the level

on which these instruments are to be placed must also be
clarified. The use of “Community instruments“ would
strengthen the European dimension of energy saving
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policy and can contribute to avoiding distortions of com-
petition. We see two approaches here, which could be com-
bined with each other: firstly, the extension and further
development of existing regulatory instruments, such as
ecodesign and labelling, and secondly, the introduction of
new instruments such as the reduction of the specific fuel
consumption of heavy-duty commercial vehicles.

Ecodesign and labelling have proven to be very successful
instruments of enhancing energy efficiency. Both instru-
ments are responsible for approximately 80 per cent of the
power savings instigated in Germany by state measures. An
expansion and further development of these instruments
would have a larger leverage effect for further energy sav-
ings - also in Germany.

The stronger use of Community instruments also offers the
possibility of avoiding distortions of competition between
the member states in the implementation of efficiency
measures.

Key questions:

1. Which Community-wide instruments should be
strengthened or which additional Community
instruments could be set up at an EU level to support
German efficiency targets?

2. Which instruments used in Germany are particularly
suitable for transfer to an EU level so as to stimulate
new energy savings throughout Europe?

4.4 Sector coupling

With the integration of energy sectors (sector coupling),
the power supply meets the demand for energy in house-
holds (heat and cooling) and transport (propulsion), as
well as in industry and trade, commerce and services (heat,
cooling and propulsion). Sector coupling contributes to
the goals of the energy transition if power from renewable
energies is used efficiently, and fossil fuels can therefore be
replaced. Building on market forces, sector coupling places
new regular consumers on the electricity market. On the
demand side, it can provide flexibility for the electricity
market and also be useful in cases of bottlenecks in elec-
tricity grids but should not be misunderstood as a targeted

instrument to take up “surplus electricity” from renewables.
In the medium and long term, power is to come from
renewable energies if sector coupling is to serve the energy
transition.

Hypothesis 8: The decarbonisation of the sectors of
private households, trade, commerce and services,
industry and transport requires the use of electricity
from CO,-free, renewable sources.

Sector integration is necessary to drive further decarboni-
sation in all sectors as effectively and economically as pos-
sible. In cooperation with traditional energy efficiency
measures and the direct generation of heat and propulsion
energy from renewable sources (e.g. through biomass or
solarthermal energy), it contributes to reducing greenhouse
gas emissions and primary energy consumption. As far as
is known today, it will not be possible to decarbonise the
respective sectors solely through efficiency measures and
the direct use of renewable energies. In order to achieve
decarbonisation nevertheless, it is necessary to make use of
renewable electricity in all sectors.

A suitable policy framework must be established at an early
date for the process of increasing sector coupling so that
the necessary requirements placed on efficiency, flexibility
and economic efficiency are satisfied.

Key question:

Are there alternatives to the use of electricity from
CO,-free, renewable sources for the decarbonisation
of the sectors of private households, trade, commerce
and services, industry and transport?

Hypothesis 9: For sector coupling, primarily those tech-
nologies are used which efficiently convert electricity
into heat, cooling or propulsion and therefore which
replace as large an amount of fossil fuels as possible
with the smallest amount of renewable power.

Power from renewable energies is also a scarce economic
good and consumes space and resources as well as costs for
generation, distribution (grids) and storage. If final energy
demand does not drop, the demand for power generated
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by renewable sources would rise massively and increase
the overall costs of the energy transition. What is more,
the increased use of intermittent renewable energies can
also increase the demand for flexibility on the supply and
consumer side.

“Efficiency First” is the planning principle here. The lower
the demand for heat in industry, trade, commerce and
services and households and the lower the demand for
propulsion energy in the transport sector, the lower the
demand for power from renewable energies, which must
be provided for these applications, and the lower the
resultant costs will be.

Even now, electricity-powered technologies for the genera-
tion of heat and cooling and for the provision of propul-
sion energy are in use for many applications. Two types are
possible here. Whilst, for example, air-conditioning sys-
tems or electric motors convert electricity into heat, cool-
ing or propulsion energy, others exploit further renewable
energies by using electricity. Electricity-powered heat
pumps make use of ambient heat, for example.

Not every sector coupling technology that converts electric-
ity into heat, cooling or propulsion energy uses power
equally efficiently. In particular, technologies which require
several conversion steps, such as the conversion of power
firstly into gas, which is then to be used to generate heat or
as propulsion energy, are currently less efficient. In the case
of applications which tap an additional source of renewable
energies, such as heat pumps which make use of ambient
heat, the decarbonisation effect is further enhanced by using
renewable power. But there are also differences between
the technologies which use electricity. For example, the
annual performance of heat pumps depends on the type
(air or geothermal pump), the quality standard considered,
the settings, the area of use (low or high temperature) and
the temperature of the heat source of the heat pump.

In order to keep the additional demand for renewable power
and the associated costs as low as possible, technologies
should be given priority which convert electricity efficiently
into heat, cooling or propulsion or which exploit as many
renewable energies as possible by using electricity and
which therefore replace as many fuels as possible with the
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Figure 8: Presentation of different sector coupling technologies
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smallest amount of renewable power. As far as known today,
this applies primarily to highly efficient heat pumps and
electric vehicles. Both require comparatively little power.
They can make a large contribution to the decarbonisation
and efficiency enhancement in the heat and transport sec-
tor. In view of their far higher demand for power, other
technologies such as electric boilers and heating rods or
electrolysers (power-to-gas) are only used where no more
efficient technologies are (yet) available. This applies, for
example, to the provision of high temperature heat in
industry. Even with very few hours of use per annum or a
very low heat demand, the use of less efficient technologies
may be sensible in individual cases from the point of view
of economic efficiency. In the transport sector, synthetic
fuels - the production of which demands far more power -
will probably be used , particularly in cases in which the
use of direct electric drives is not viable for technical or
economic reasons. Nevertheless, the use of these innova-

tive fuels with the necessary comprehensive approach to
reducing emissions in transport should also be given care-
ful consideration.

The policy framework and instruments must be designed
such that technical, economic or political lock-in effects
in favour of less efficient sector coupling technologies are
avoided. A technology-neutral approach guarantees that
in competition the most efficient technology is used first.
Technological progress, investment cycles and infrastruc-
ture costs must be considered and a balance achieved for
the entire system between technical and economic effi-
ciency which also permits companies to realise their busi-
ness models. Further research and testing of innovative
conversion technologies can also lead to improving levels
of efficiency. A development of this kind can be promoted
by this holistic approach.
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Figure 9: Example of heat pumps and electromobility: little power replaces as much fuel as possible

Heat Individual transport
Gas heating Combustion
engine

Losses

Ambient Heat pump
heat

Electric motor

RE power

Quelle: Eigene Darstellung in Anlehnung an IWES et al. (2015)

Key questions:

1. In sector coupling, which instruments are suitable for
avoiding path dependencies which lead to an econom-
ically inefficient use of power?

2. With which specific applications and to what extent
can sector coupling contribute to decarbonisation?

Hypothesis 10: Sector coupling offers cost-effective flex-
ibility on the demand side to balance out the fluctuating
supply of power from renewable energies.

Both in the heat area and in the transport sector, potential
exists to shift and feed in loads to balance out the fluctuat-
ing supply from renewable energies in a relatively cost
effective manner. Higher costs currently arise from the
transformation of power into other energy sources (e.g.
hydrogen, methane). Heat storage systems can store energy
for a fraction of the costs of other technologies. In the
transport sector, intelligent charging structures for electric
vehicles can facilitate flexibility. This load management
potential can be used by intelligently designing sector cou-
pling. In this way, the synergies between sector coupling
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and the electricity market 2.0 can be increased and the
costs in the power sector for flexibility options reduced,
thereby ultimately also lowering the overall costs of the
energy transition. Sector coupling technologies should
therefore be as flexible as possible and be used in inter-
action with storage systems so that they can be used for
efficient load connection for electricity markets.

Sector coupling technologies in the individual sectors

must, of course, be designed in line with user requirements.

For example, electric vehicles cannot only be charged
when there is a plentiful supply of power from renewable
energies. “Mobility” must be available when it is required
by consumers. In addition, aspects such as available range
and finance models for the requisite infrastructure must be
considered. Implementation in line with user requirements
is also a decisive aspect in the heat sector. Consumers must
be able to use heat and cooling as required and not only

at those times at which this would be conducive to the sys-
tem. It must also be considered that a flexible operation

of production processes can lead to losses in efficiency but
can also have positive effects on energy efficiency.

If sector coupling technologies are used in a manner which
is conducive to the energy system where possible, this will
be reflected in lower overall system costs. By contrast, if
they are not used in this way, the costs for grid expansion
and operation and the peak load capacity will unnecessarily
increase. Sector coupling should not increase the need for
flexibility unnecessarily. Use in a manner which is condu-
cive to the system is incentivised in the electricity market
2.0 via the electricity price signals including gird charges.
Certain conditions must be satisfied to permit consumers
to react to the electricity price signals. For example, the
scale of the application should permit a certain degree of
flexibility, it should be possible to control the application
via corresponding interfaces or smart meters and the elec-
tricity supply agreement should permit a reaction to the
electricity price signal. The extent to which the flexibility is
used in everyday operations results from user preferences,
production requirements and the competition of flexibility
options. In this way, sector coupling and the requirements
of the electricity market can be jointly considered.

Key questions:

How can it be guaranteed that sector coupling provides
flexibility for the electricity market on the basis of effi-
cient technologies?

Hypothesis 11: Each sector makes an appropriate contri-
bution to the costs of decarbonisation.

Sector coupling must be economical, i.e. cost efficiency
must be taken into consideration at both a macro- and
micro-economic level. It offers the opportunity to reduce
greenhouse gas emissions and primary energy consump-
tion and, through additional flexibility potential, the over-
all economic costs of the energy transition. All stakehold-
ers benefit from this. From a macro-economic point of
view, energy consumption reductions and the lowering of
greenhouse gases should be achieved through the most
cost-efficient avoidance option for the respective area of
use. The overall system must be considered here, particu-
larly when weighing up the necessity of government fund-
ing measures for the launch to market of specific technolo-
gies - through direct funding or special circumstances. In
principle, a flexible approach which is open to the choice
of technology should be pursued when shaping the policy
framework. Attention should be given to avoiding a lock-in
in inefficient sector coupling technologies. The market
players make the decision between decarbonisation options
on the basis of price. This requires state-induced price
components of fossil and renewable energy sources to
reflect the relevant costs and favour decisions which are
conducive to the energy transition.

To ensure that the required investments are made, the use
of sector coupling technologies must also be viable from a
commercial point of view. This means that their use must
be cost-effective for the users themselves. For this purpose,
it must be possible to refinance investments on the basis of
solid business models and planning certainty. For reasons
of a just distribution, it is of central importance that the
respective sectors make a fair contribution to the costs of
decarbonisation. Solutions must therefore be found as to
how the sectors of private households, trade, commerce
and services, industry and mobility can make their contri-
bution to converting the generation of power from fossil
fuel to renewable sources.
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Key question:

1. With which instruments can investments in tech-
nologically and economically efficient and flexible
infrastructures (e.g. heat networks supplied from
renewable energies) be induced at any early date?

2. How can the conditions of competition between
renewable electricity and fossil fuels be improved
in the different sectors? And who is to decide this
and when?

4.5 Digitalisation

Hypothesis 12: Digitalisation opens up new possibilities
for added value services and efficiency services.

Digitalisation creates new potential for stepping up energy
efficiency. Not only are key technologies such as broad-
band internet to be implemented in an energy-efficient
manner. Rather, digitalisation and continuous consump-
tion metering open up new possibilities of analysis and
user information. On this basis, value added services and
(finance and consulting) services for energy efficiency can
be developed which - in this form - used to be technically
and organisationally impossible or (too) expensive. Simi-
larly, digitalisation facilitates new forms of organisation
and control of industrial production processes (Industry
4.0) which can be used to optimise the use of energy and
enhance energy efficiency. In the transport sector, digitali-
sation and the networking of vehicles with each other and
with the transport infrastructure can contribute to improved
traffic flows. New mobility offers and a more intelligent
combination of different means of transport can make a
decisive contribution to reducing emissions in the trans-
port sector.

Automated consumption metering and precise user feed-
back can create the foundation for recognising and quan-
tifying individual saving potential, using new business
models to make it individually available and commercially
viable. This creates new opportunities, for example to
develop the market for energy saving contracting.

A digital user infrastructure could give rise to several inno-
vations, such as:

e Continuous, fully automatic and individualised energy
advice without any mentionable additional costs for all
providers of advisory services (“marginal costs virtually
zero“);

e Quantification of direct rebound effects - including any
tips on how to limit them;

e Combination of individualised energy advice with
finance offers to facilitate efficiency investments.

Furthermore, digital measurement methods can contribute
to establishing new performance-dependent funding
measures. So far, performance-dependent instruments
have been the exception because the targeted energy sav-
ings can only be quantified individually at great expense.
New and automated systems which observe high data
protection standards can help here. This also refers to the
saving measures which are to be increased in a particularly
cost-favourable manner, such as changes in behaviour or
servicing.

Example: “Pilot programme for energy savings
meters”: using the opportunities of digitalisation
for more energy efficiency

The aim of the new funding programme “energy
savings meter” of the Federal Ministry for Economic
Affairs and Energy is to provide assistance to con-
sumers in households, in the area of trade, commerce
and services and in industry through the use of
options to reduce energy consumption. Innovative
and IT-based pilot projects are supported for this.
Companies who develop energy savings meters and
demonstrate their use to (voluntarily participating)
end consumers can take part. Through energy con-
sumption information tailored to his individual
equipment and systems alongside energy saving tips,
the end consumer is to be put in a position to estimate
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e how high the power consumption of the different
devices is (identification of “power guzzlers“ and
cost drivers);

® how and to what extent energy and costs can be
saved using simple means;

e how much energy and costs have actually been
saved;

and on this basis to make decisions on energy saving
measures.

In the pilot phase of 2016 - 2018, this project focuses
on developing and using (IT-based) innovations for
the savings on energy which are necessary for the
energy transition. In addition, added value services,
such as load management for sector coupling or pri-
vate sector financial services for energy efficiency, are
to be tested and incentivised.

Key questions:

1. How can the new possibilities of measuring consump-
tion, user information and added value services for
efficiency be tapped by digitalisation?

2. How can the recording of individual energy savings
be used for funding approaches which allow for tech-
nology-neutral solutions and take the savings actually
achieved into greater consideration?

Hypothesis 13: Digitalisation and the use of renewable
energies alter the cost structure of energy generation -
a long-term efficiency strategy must take this into con-
sideration.

The development of renewable energies together with the
use of digital control technologies leads to a fundamental
transformation of the energy market. The system of the
future is increasingly based on an interlinked and decen-
tralised form of intelligent control of energy consumption
and generation.

However, this also has consequences for the incentive
structure for an economical and efficient approach to
energy. This is because, with the exception of biomass,
the use of renewable energies to provide heat such as wind
and solar power do not cause fuel costs. The importance
of “operative costs” for fuels in future energy generation
therefore lessens whilst the significance of fixed capital
costs increases. This could result in a trend in the business
models of the energy providers to increase the portion of
basic financing for the provision of energy but reduce the
consumption-dependent portion. The development of
“flat-rate” business models for the energy sector would
appear to be quite conceivable. This development must be
considered in the further shaping of energy efficiency pol-
icy. It offers opportunities and risks for the goal of energy
saving. For example, stepped marketing models with par-
ticularly favourable conditions for low consumption vol-
umes could lead to a strengthening of the incentive for
energy efficiency amongst end consumers. By contrast, a
situation must be avoided in which new business models
lead to a careless attitude to energy by end users.

Key questions:

1. Which energy marketing models arise through
digitalisation?

2. What opportunities and risks result from this for
energy saving?

Hypothesis 14: Digitalisation contributes to balancing
the demand for energy with a decentralised and volatile
generation of energy.

Digitalisation will contribute to increasing the efficiency of
energy and synchronise it with growing shares of volatile
energy generation. New digital services will become estab-
lished in the market which develop their own “digital logic”.
The increasing number of smart control systems based on
different digital technologies will facilitate an optimisation
at subsystem level which need not necessarily be in line
with the requirements of the next higher system level.
Every digital smart system can in future pursue a different
self-defined goal.



32 4. CENTRAL CHALLENGES FOR THE ENERGY EFFICIENCY AREA

Examples: The intelligent integration of PV self-consump-
tion systems increases their use to the system, a “fuelling”
system of a battery-driven vehicle pursues the objective of
having reached the highest charging level at a specific time,
and a smart energy management system for buildings or a
production plant in its turn pursues its inherently set regu-
lation and control logic.

This raises the question of whether and to what extent the
many different subsystems with their own target defini-
tions and control logics form a complex structure of over-
lapping subsystems, and whether this increases efficiency,
stability and controllability or makes them more difficult
from the point of view of the overall system.

The further challenge is that when converted to digital
systems, the energy system could become more vulnerable
to hacker attacks, virus infection or cyberwar attacks. The
question is therefore the extent to which smart systems
(smart home, smart building) introduce an additional degree
of vulnerability to the power system as they become more
widespread, and which recommendations are to be derived
from this.

With the “Act on the Digitalisation of the Energy Transition”,
Federal Government and Bundestag have created a legal
framework which introduces a new technology in the form
of the intelligent measurement system. It will serve as

a secure communication platform at the grid interface
between generation and consumption to make the power
supply system fit for the energy transition and raise energy
efficiency potential. In order to guarantee a uniform and
high level of security, protection profiles and technical
guidelines for intelligent measurement systems will be
declared binding in order to guarantee data protection,
data security and interoperability (www.bsi.bund.de). Only
those systems will be given the BSI seal which demonstrably
provide a very high level of data protection and security.

Intelligent measurement systems will be an important
component for the improved balancing of generation and
demand. This will facilitate the change to a power supply
system that is increasingly based on volatile decentralised
producers.

Consumers are to benefit from the use of intelligent meas-
urement systems in many respects. In future, visualising
power consumption will put consumers in a position to
handle energy more consciously. The costly manual read-
ing of meters will be a thing of the past, and gas and heat-
ing readings can similarly be integrated. The introduction
of variable electricity rates is predicated on intelligent
measurement systems.

All in all, it can be said that digitalisation can make a
considerable contribution to implementing the energy
transition. The legal, technical and economic framework
conditions must be continuously further developed if
this opportunity is to be used whilst maintaining data
protection and system security.

Key questions:

1. How should legal, technical and economic framework
conditions be further developed so that the “innovative
strength of digitalisation” is conducive to the system,
compatible with the energy transition and can be
implemented safely? How can high standards of data
protection and system security be guaranteed?

2. Is a greater coordination of digital subsystems necessary
in future? If this is the case, what should they look like,
which interfaces and protocols should they use and
who is to stipulate them and when?


http://www.bsi.bund.de
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