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Abstract Monitoring the progress of the European
Union and its Member States towards the EU’s energy
efficiency target is a crucial part of the mandatory pro-
cess as defined in the Energy Efficiency Directive
2012/27/EU. In this paper, we conduct index decompo-
sition analyses to show the effects of both policies and
autonomous developments driving the changes of pri-
mary energy consumption for the European Union
(EU28) and its Member States for the time period of
2000 to 2014, with a comparative analysis of Germany
and Poland. These analyses are based on the logarithmic
mean Divisia index methodology and primarily on data
compiled by Eurostat. They are carried out on two
levels, i.e. on the level of total primary energy consump-
tion as well as on the level of primary energy consump-
tion related to electricity generation. The first level
examines the influences of changes in final energy
consumption and changes within the energy conversion
sector on primary energy consumption. With the second
level, we provide insights into the effects of changes in
electricity consumption and production. According to

our first-level analysis, the consumption of primary
energy in the EU28 is primarily influenced by an in-
creased share of electrical energy and the counteracting
effect of rising efficiency in electricity generation, in-
duced by an increasing share of renewable energies.
Furthermore, the reduction of final energy consumption
had a significant decreasing influence on primary ener-
gy consumption in the European Union. The second
level of our analysis regarding electricity generation
shows that the increasing effect on primary energy con-
sumption due to the rising consumption of electricity
was mainly compensated by substituting nuclear and
thermal power plants by renewable energy technologies.

Keywords Energy efficiency targets . Primary energy.

Decomposition analysis . Policy evaluation . European
Union . Germany . Poland

Introduction

As part of the so-called 20-20-20 targets (European
Council 2009), the European Union has set itself the
target to reduce energy consumption by 20% compared
to a baseline. The other two goals are a share of 20%
renewables in final energy consumption by 2020 and a
20% reduction of greenhouse gas emissions in 2020
compared to 1990. This target Btriad^ has recently been
extended until 2030 and it now includes (European
Council 2014) at least 40% cuts in greenhouse gas
emissions (from 1990 levels), a share of at least 27%
renewable energy and at least 27% improvement in
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energy efficiency. The proposal for an amendment of the
Energy Efficiency Directive (EED) sets a 30% binding
energy efficiency target for 2030 at EU level (European
Commission 2016b).

These targets are not independent of each other: for
example, the penetration of renewables in the power
generation sector has impacts on primary energy con-
sumption, hence on the fulfilment of the energy efficien-
cy target. This is due to the following effect: While the
physical energy efficiency of renewable energy technol-
ogies is below 100% (e.g. up to around 20% for
multicrystalline photovoltaic cells and up to around
50% for wind energy), international energy balances as
published by the International Energy Agency (IEA)
apply the so-called physical energy content method
(IEA 2016). According to this method, the first energy
form used downstream in the conversion process is
defined as primary energy (in contrast to both the Bsub-
stitution method^ and the Bdirect equivalent method^;
see Edenhofer et al. 2012, p. 180). Renewable energy
technologies like wind, solar (photovoltaic) and hydro-
power are hence accounted for with an efficiency of
100% regarding the conversion of primary energy to
final energy in the form of electricity. They therefore
increase the total efficiency of the conversion sector and
thus lower the primary energy consumption for a given
electricity production.

Against this background, two important questions
arise, i.e. (i) whether the European Union is on track to
reach the energy efficiency target and (ii) which factors
have been contributing or impeding target achievement.
In this article, we focus on the achievement of the EU’s
primary energy target which should not exceed 1483
million tonnes of oil equivalent (Mtoe1) by 2020
(European Commission 2012, 2013).2.

Figure 1 shows the development of primary energy
consumption in the EU28 for the period 2000–2014, as
well as the abovementioned primary energy targets for
2020 and 2030. The graph also shows the reference
evolution of primary energy projected by Capros et al.
(2016) and Capros et al. (2008), based on which the
20% (2020) and 27% respectively 30% (2030) energy
efficiency targets were defined.

Primary energy consumption in the European Union
grew rapidly in the first years of the new millennium
(Fig. 1), but it levels off between 2004 and 2006. The
economic crisis in the years 2008/2009 led to a clear
drop, and, although there was a small recovery in energy
consumption in 2010, primary energy consumption has
been decreasing since then. In the last few years, pro-
gression towards the target of 1483Mtoe for 2020 in the
EU28 has been gaining pace.

Factors that may have influenced the achievement of
the primary energy target include changes in activity
levels (notably the impactof the economicdevelopment),
structural changes, renewable energypolicies, changes in
the conversion sector, energy efficiency policies, auton-
omous energy savings and behavioural changes.

To identify the key determining factors for primary
energy use and their impact, we conducted an index
decomposition analysis (IDA) for primary energy con-
sumption (PEC) of all Member States of the EU28. We
focused on 2000 to 2014, as this period is relevant for
policies like the European Energy Efficiency Directive
(EED) 2012/27/EU (European Commission 2012) and
statistical data are readily available. In this paper, we
examine developments of primary energy consumption
in the European Union and its Member States while we
consider factors which had a strong impact on final
energy consumption in an aggregated manner (i.e. we
do not decompose energy use on the demand side by
sectors and subsectors). The reason for this focus on
primary energy lies in the fact that primary energy
consumption plays a very important role in the set of
targets of European energy policy, as outlined above.

In the past, studies applying IDA mostly focused on
the comparison of countries or regions (within a coun-
try) regarding solely final energy consumption or CO2

emissions (e.g. Fernández González et al. 2013; IEA
2008; ODYSSEE-MURE 2015). The value added of the
work performed for this article lies in the uniform def-
inition of the different factors impacting primary energy
consumption in the EU28 and itsMember States, next to
the alignment to EU policy goals expressed in primary
energy terms. To our knowledge, no comparable studies
are available.

We first describe the scope of our analysis of changes
in primary energy consumption in the EU28 (BMethod-
ology for the analysis of factors impacting primary
energy consumption^ section), then explain the data
base and procedures to fill data gaps and the methods
used (BDecomposition method and data^ section).

1 One million tonnes of oil equivalent equals 41.868 pJ.
2 According to the Energy Efficiency Directive EED (European
Commission 2012), primary energy consumption is defined as gross
inland consumption, excluding non-energy uses.
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In the next step (BResults^ section), we present the
results for the EU28 as well as for two rather different
EU Member States: first, for Germany which can be
described as a state where the demand for energy con-
sumption has reached a certain saturation level and
where the transformation of the energy system towards
long-term sustainability targets is strongly changing the
composition of the conversion sector, as a consequence
of the decision to phase out nuclear energy by 2020 and
due to strong support for renewables, and second, for
Poland, where further economic growth is expected and
for which the conversion sector is characterised by large
shares of fossil fuels, notably coal.

Finally, we discuss the results (BDiscussion^ section)
and draw conclusions from the analysis (BOutlook and
conclusion^ section).

Methodology for the analysis of factors impacting
primary energy consumption

Definition of primary energy consumption

Primary energy consumption for energy purposes, as
displayed in Fig. 1, is defined in the EED (European
Commission 2012) as the difference between Bgross
inland consumption^ and Bfinal non-energy consump-
tion^. Final non-energy consumption represents the use

of primary fossil fuels as lubricants and feedstock for
material production (predominantly in manufacturing of
chemicals).

Renewable energy technologies, which do not direct-
ly consume any fuels for generating electricity (i.e.
wind, PV and waterpower), are accounted for with a
primary energy efficiency of 100% by convention. Oth-
er types of renewable energy like biomass-based elec-
tricity are accounted with their actual conversion factors.

Thevarious typesof energyuseconsidered in thispaper
are defined as follows (European Commission 2015a):

& Primary energy consumption = gross inland con-
sumption − final non-energy consumption

& Gross inland consumption = primary production +
primary product receipt + other sources (recovered
products) + recycled products + imports + stock
changes − exports − bunkers − direct use

& Final non-energy consumption = non-energy use in
conversion sector + non-energy use in energy sec-
tor + non-energy use in industry sector + non-energy
use in transport sector + non-energy use in other
sectors + non-energy use in industry, transformation
and energy sectors3

3 The last summand of this definition relates only to solid fuels (i.e.
coal and coal products), which are not included in the other non-energy
uses.

Fig. 1 Development of primary energy consumption (gross in-
land energy consumption excluding non-energy use.) in the EU27
for the period 2000–2014 compared to the reference scenarios
developed in 2007 and in 2016 and to the energy efficiency targets

for 2020 and 2030 (these energy efficiency targets refer to the
reference scenario developed in 2007; Capros et al. 2008, 2016;
Eurostat 2016b)
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& Energy available for final consumption = gross inland
consumption − transformation input + transformation
output + exchanges, transfers and returns − consump-
tion of the energy sector − distribution losses

Factors impacting primary energy consumption

In this paper, we conduct a decomposition of primary
energy consumption on two levels, the second being a
part of the first one:

& Level 1: total primary energy consumption (excl.
non-energy use)

& Level 2: primary energy consumption used for elec-
tricity generation

We split the analysis of primary energy consumption
into these two parts, in order to analyse the electricity
sector more in detail. Instead, one could have set up only
one model with the electricity sector being split up
immediately. However, some effects such as the pene-
tration of electricity in the transformation sector would
not have been clearly traceable.

First, the energy conversion sector is analysed as a
whole by distinguishing three subsectors: electricity
generation, heat generation and other transformations
(which comprise the production of solid fuels, petro-
leum products, gas, renewable energy and wastes not
used for electricity or heat generation) (see Fig. 2). Co-
generation of electricity and heat is divided between the
subsectors electricity and heat, according to the meth-
odology developed by Eurostat for their energy balances
for their data collection on combined heat and power
generation as based on the implementation guidelines as
defined in Commission Decision 2008/952/EC
(European Commission 2008). The third subsector
Bother sectors^ bundles transformation activities where
the changes were more limited than in the electricity and
heat generation branches, or which present smaller ac-
tivities, such as the production of solid fuels, petroleum
products and gas. The level 1 analysis includes the own
consumption of the conversion sector, distribution
losses and the final energy consumption.

The second level (see Fig. 3) takes into account that
changes in the electricity subsector may strongly impact
primary energy consumption, hence the need to analyse
changes in electricity generation and transmission/
distribution more carefully. It should be noted that the

own consumption of the electricity generation and the
electricity distribution losses are already included in the
level 1 analysis.

Total primary energy consumption PE at level 1 in
our analysis is decomposed into five factors, i.e.

PE ¼ ∑3
i¼1FEnet*

FEgross

FEnet
*
FE

0
gross

FEgross
*

PEi

FE
0
gross;i

¼ ∑3
i¼1FEC*DL*IEC*STRi*EFFi

ð1Þ

where PE represents the total primary energy consump-
tion and FEnet is depicting the total net final consump-
tion, i.e. excluding internal consumption of power plant
and distribution losses. FEgross is defined as the gross
final energy consumption including distribution and
transmission losses4, but excluding the internal con-
sumption of power generation equipment, while FE′gross
includes both distribution and transmission losses as
well as internal consumption of power generation. Index
i represents the three subsectors of the conversion sector
in Fig. 2.

The factor FEC (substituting FEnet) measures the
changes in primary energy consumption due to changes
of the net final energy consumption (without non-
energy use but including statistical differences). For
some countries, however, these statistical differences
can be comparatively large and may lead to different
conclusions.

The factor DL (with DL ¼ FEgross

FEnet
) shows the changes

in primary energy consumption due to changing distri-

bution losses. IEC (with IEC ¼ FE
0
gross

FEgross
) measures the

changes in PEC by the consumption of the energy
sector, i.e. the consumption of auto-produced and pur-
chased energy by energy producers and transformers in

operating their installations. STRi (with STRi ¼ FE
0
gross;i

FE
0
gross

)

measures the changes in PEC caused by structural
change in the energy sector, i.e. the shift in the shares
of individual energy subsectors i, such as electricity,
heat and other energy sectors (solid fuels, petroleum
products, gas, renewable energies/wastes). EFFi (with

EFFi =
PEi

FE
0
gross;i

) measures the changes in PEC caused by

efficiency changes in the individual energy subsectors i
of the energy generation sector.

4 Please note that Eurostat includes in the heading Bdistribution losses^
both transmission and distribution losses (the latter represent losses at
lower voltage levels and close to the consumer).
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On the second level, we decompose PEC for elec-
tricity generation as follows:

PEelec ¼ ∑4
j¼1FE

0
elec;gross*

FE
0
elec;gross; j

FE
0
elec;gross

*
PEelec; j

FE
0
elec;gross; j

¼ ∑4
j¼1FECe*STRe; j*EFF j

ð2Þ

where PEelec represents the primary energy used for the
generation of electrical energy. The factor FECe mea-
sures the changes in PEC from changes in gross elec-
tricity consumption, which includes distribution losses
and consumption of electricity in the energy sector.
STRe,j measures the changes in PEC from changes in
the structure of gross electricity consumption regarding
the source j of energy, such as RES1005, nuclear,
electricity-only thermal power plants (including uncom-
bined electricity regeneration from combustion-based
renewables, in particular from biomass) or combined
electricity generation from combined heat and power
(CHP), including CHP based on renewables (note that
heat generated from CHP is included in the heat section
of the conversion sector).

EFFj measures the changes in PEC from efficiency
changes in the electricity generation by the different
generation modes j mentioned above.

Decomposition method and data

For our task of analysing the factors impacting primary
energy consumption, we used index decomposition

analysis (IDA) based on the most current Logarithmic
Mean Divisia Index (LMDI) method.

IDA became a popular analysis tool in the 1980s and
has been used by energy researchers to show the
underlying factors of changes in energy consumption or
CO2 emissions of a country or a region. Different
methods were used over time and have certain
properties, which can be seen as advantages or
disadvantages. Ang (2004) examines several methods
used for IDA in the past regarding theoretical foundation,
adaptability, ease of use and ease of interpreting results.

Ang (2015) gives an overview of IDAs conducted in
the time frame 2005 to 2014 and Ang and Zhang (2000)
for studies up to 1999. In the most common designs of
IDAs, the impacts of variations in overall activity level
(e.g. gross value added), activity structure and energy
intensity on the difference in total energy consumption
in a specific sector—most of the time industry—and a

5 RES100: 100% efficiency renewable energies, e.g. wind energy,
solar PV, hydro power, wave/ocean/tidal energy.

Fig. 2 Structure for the level 1
analysis of changes in primary
energy consumption

RES-E
100%

Nuclear

Electricity 
generation
from CHP
(incl. CHP-

RES-E)

Gross electricity consumption

Uncombined
thermal 

electricity 
generation 

(incl. RES-E 
for uncombined

generation)

Primary energy consumption 
for electricity generation

Fig. 3 Structure for the level 2 analysis of changes in primary
energy consumption (Note: RES-E stands for renewable
electricity)
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specific period are quantified. This approach is also ex-
tended to more sectors of a country’s economy with a
focus on the evaluation of specific energy policies in
current studies (e.g. Colinet Carmona and Román
Collado 2016). Recently, studies applying IDA also fo-
cused more on the decomposition of greenhouse gas
emissions (e.g. Moutinho et al. 2016). In the past few
years, analyses of ex ante (model) projections were con-
ducted with regards to energy targets and policies (e.g.
Smit et al. 2014). In our study, we apply IDA to primary
energy consumption to evaluate the progress made in
energy efficiency with regard to targets and policies for
the European Union and its Member States. This multi-
level analysis should provide further insight into the
impact of policies linked to the reduction of primary
energy consumption in the EU. As those energy efficien-
cy changes cannot be divided into autonomous, policy-
driven and economy-driven improvements, we especially
consider policies focused on renewable energy.

The Logarithmic Mean Divisia Index (LMDI) was
introduced by Ang and Liu (2001) and is widely used
today. The approach has two different versions, namely
LMDI I and LMDI II, which differ mainly in the
weighting function used and the ensuing properties.

In this study, we use LMDI I, which uses the loga-
rithmic mean as the weighting function. The differences
between LMDI I and LMDI II are explained in more
detail by Ang et al. 2009.

The method was adopted as the preferred method by
the International Energy Agency (IEA) substituting
methods based on Laspeyres indices (IEA 2012). The
main advantages of this method—besides other index-
theoretical properties—lie in the fact that it produces no
residual term (not attributed to any specific factor) and
that it provides a linkage between additive and multipli-
cative decomposition (Ang et al. 2009). Disadvantages
of the method are that the results might be difficult to
communicate to non-experts and that the method is not
defined for zeros or negative numbers in the data set due
to logarithmic terms in the LMDI formulae. Two main
strategies exist to handle this issue, namely the so-called
analytic limit (AL) strategy as described by Wood and
Lenzen (2006) and the small value strategy (SV) as
introduced by Ang and Choi (1997). Although the AL
approach would be theoretically superior to the latter,
we use the SV strategy (with values smaller than 10−20)
as recommended by Ang and Liu (2007) as a substitute
for zero values, as the share of zero values in our data
base is very limited.

The additive form of the LMDI approach follows
these general equations:

V tot ¼ V1* V2* … * Vn

Δ V tot ¼ VT − V0 ¼ Δ V1 þ Δ V2 þ ⋯ þ Δ Vn

where ΔVx ¼ ∑iL VT
i ;V

0
i

� �
ln

xTi
x0i

� �
with L a; bð Þ ¼ a−bð Þ= lna−lnbð Þ

ð3Þ

Here, V describes an aggregate (e.g. energy consump-
tion) for a subaggregate i (e.g. an energy branch, such as
heat or electricity) which is composed of different factors
x and its changes in the time period 0 to T for which the
decomposition is conducted (see Ang 2005). The decom-
position of changes in primary energy consumption PE
according to Eq. (1) can be formulated as follows:

PET−PE0 ¼ ΔPEtot ¼ ΔPEFEC þΔPEDL

þΔPEIEC þΔPESTR

þΔPEEFF ð4Þ

where the factor ΔPEEFF for example would be built as
follows:

ΔPEEFF ¼ ∑
i
L PET

i ; PE
0
i

� �
ln

EFFTi
EFF0i

� �
ð5Þ

with EFFT and EFF0 describing the value of conversion
efficiency at a given point in time for the energy branch i
as defined in Eq. (1) (see Ang 2015).

L (a, b) describes the logarithmic mean of two pos-
itive real numbers—in this case, different aggregates of
primary energy consumption of the first (0) and last year
(T)—a and b, which is used as the weighting function in
LMDI I.

In this paper, we apply the LMDI method as period-
wise decomposition, which means that decomposition is
applied to explain the difference between the first and
the last year of the time series considered. This requires
much less data and computation than time series decom-
position (i.e. yearly decomposition).

As statistical foundation of this analysis, we used
publicly accessible data for EU28 and its Member States
from the European Central Statistical Office Eurostat.
Our database was compiled with bulk data from the
tables BSimplified energy balances^ (table code
nrg100a), BSupply, transformation and consumption of
electricity^ (nrg105a), BSupply, transformation and con-
sumption of heat^ (nrg106a) and BSupply, transforma-
tion and consumption of renewable energy^ (nrg107a)
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of Eurostat’s energy statistics database.6 In total, about
20,329 data series (i.e. time series of data representing a
certain aspect) or 701 different data series per country
were used in our analyses.

The available statistics do not distinguish between
the following cases (all these reported as B:^, B0^ or
B0.0^):

& Data are not available to the reporting authority.
& Data are confidential and not shown.
& Energy quantity is a real zero (no consumption).
& Consumption is negligible (quantity is less than 0.5

of the respective reporting unit).

All cases except for the third may cause problems,
but especially the last can cause inconsistencies, as the
sums of subaggregates may differ slightly from aggre-
gates given in data.

Within the dataset used for the analysis, only a few
crucial values were missing. Single missing values for
some countries like Poland, Hungary and Croatia were
estimated based on time series: as these consisted of
zeros, for the most data points, they were assumed to
be zero also for all the remaining parts of the time series.
For Germany, for example, some greater parts of time
series regarding petroleum products were missing, such
as distribution losses and transformation inputs for
heating plants. These gaps could be filled by data taken
from the National Energy Statistics compiled by
AGEB.7.

For other countries like Latvia, Cyprus and Malta, a
large number of crucial time series were missing. Since
the validity of the decomposition results for these coun-
tries can be expected to be strongly influenced by im-
putations, we excluded these countries from our analy-
sis. This is justified by the small proportion of the
energy consumption of these countries compared to
the European Union as a whole.

Furthermore, due to a rather broad definition of CHP
in the energy balances published by Eurostat, which
resulted in extraordinarily large CHP shares in electric-
ity generation, adaptations of these numbers based on
Eurostat’s dedicated CHP statistics according to Direc-
tive 2012/27/EC were made. This allowed to establish a
more realistic picture of CHP by recalculating its gross

electricity generation. Missing values in the time series,
e.g. for the year 2014, were determined using a simple
exponential smoothing model (see Gardner 2006) for
ease of calculation and because trend and seasonal com-
ponents play at most a minor or no role in the CHP time
series considered.

Results

While the analysis was carried out for the European
Union as a whole and most of its Member States (except
Latvia, Malta and Cyprus), we will focus only on two
countries besides the EU28: we selected Germany and
Poland for a detailed comparison, as they represent good
examples for countries whose energy system is undergo-
ing transition on different levels of advancement towards
the European Union target. Germany represents a state
where the demand for energy consumption has reached a
certain saturation level (variation of ±6% within the last
15 years) and where the transformation of the energy
system towards long-term sustainability targets has
strongly changed the composition of the transformation
sector, in preparation for the country’s phase-out of nu-
clear energy by 2020. At the same time, Germany’s
conversion sector is dominated to a certain degree by
fossil fuels with a share of coal in gross electricity gener-
ation of almost 42% (AGEB 2016). On the other hand,
Poland represents a state which is still expected to enjoy
economic growth and for which the transformation sys-
tem is still characterised by fossil fuels and a remarkably
low share of electricity generation from renewable
sources of 12.4% in 2014 (Eurostat 2016a).

The total decrease in primary energy consumption by
about 110 Mtoe in the European Union in the period
2000 to 2014 was mainly achieved by three countries
(explaining a total of 84 Mtoe), namely the UK, Ger-
many and Italy (see Table 1, Annex). Smaller contribu-
tions were made by a second group of a total of 16
countries amounting to a decrease of almost 40 Mtoe;
a third group consisting of six countries increased their
energy use by a total of about 13 Mtoe (see Fig. 4).

Final energy consumption decreased most strongly in
the UK (by around 37 Mtoe), followed by Germany (25
Mtoe) and Italy (22 Mtoe). In contrast, final energy
consumption increasedmost in Poland (5Mtoe), follow-
ed by Austria and Finland with around 4 and 2 Mtoe
respectively.

6 http://ec.europa.eu/eurostat/data/database
7 Arbeitsgemeinschaft Energiebilanzen. http: / /www.ag-
energiebilanzen.de
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Table 1 and Table 2 (see Annex) show the
summarised results for both levels of decomposition
for the EU28 and all Member States (except Latvia,
Cyprus and Malta).

Decomposition of primary energy consumption
for the EU28

Factors impacting overall primary energy consumption
2000–2014

Over the period 2000 to 2014, total primary energy
consumption in the EU28 dropped by about 110 Mtoe
or 7% (see Figs. 1 and 5). Most of this change can be
attributed to lower final energy consumption in this
period (−98 Mtoe), of which −37 Mtoe is related to
electricity, −5 Mtoe for heat and −56 Mtoe for other
conversion sectors. The main decrease occurred in the
industry sector, the final energy consumption of which
dropped by almost 18% in this time period, while over-
all final energy consumption in the EU28 decreased by
only 6%. Decreases in distribution losses and the con-
version sector consumption8 accounted for around −1.5
and −4 Mtoe respectively.

A further explanatory factor for the decrease has been
the improved conversion efficiency in the energy system
from 41 to 44% in this period, which is mainly linked to
the rising share of renewable energy in gross electricity
generation from 14.4% in 2004 to 27.5% in 2014
(Eurostat 2015b). This effect is strongly compensated
by structural changes in the structure of the energy
conversion sector, leading to an increase of about 41
Mtoe, in particular due to a shift towards higher shares
of electricity. The underlying reason is the lower overall
conversion efficiency of electricity generation compared
to the production of heat and other types of final energy.
While the changes in the structure of electricity genera-
tion alone would have resulted in a decrease by about 53
Mtoe, the changes in other subsectors of the conversion
sector (solid fuels, petroleum products, gas and renew-
able energies/wastes) reduced this effect to approxi-
mately 48Mtoe. In total, the effects of otherwise notice-
able net efficiency gains due to the increased generation
and use of renewable electricity are limited.

Factors impacting primary energy consumption due
to electricity generation 2000–2014

In the time period considered, the total change of pri-
mary energy consumption attributable to the generation
of electricity (level 2 of our analysis) resulted in around
−23 Mtoe (see Fig. 6).

An increase in gross electricity generation by about 5%
added30Mtoetoprimaryenergyconsumption.Adecrease
of nearly 11 Mtoe occurred as a consequence of higher
overall efficiencies in electricity generation. Structural
changes in the electricity generating sector contributed a
decrease of 42Mtoe on the primary energy consumption.
The main driver for this strong reduction was the lower
electricity generation in thermal and nuclear power plants,
which contributed a reduction by 48 and 29Mtoe respec-
tively.Thereplacementof this formofpowergenerationby
renewableenergysourcesandCHP9resulted inan increas-
ing effect of 28 Mtoe (RES100) and 8.5 Mtoe (CHP)
respectively. This resulted in an increase in the conversion
efficiency of electricity generation by about 4% due to the
penetration of RES100 and CHP plants, at the expense of
thermal and nuclear power generation.

Comparison of Germany and Poland

In the context of the overall EU 20% energy efficiency
target, Germany had proposed an indicative target for pri-
mary energy consumption in 2020 of 276.6 Mtoe and
Poland of 96.4 Mtoe (European Commission 2015b) (see
Fig. 7).While Poland has stayed below its targeted primary
energy consumption, Germany was still facing a gap of
about 5% in 2014. The 2030 energy efficiency target of at
least 27% is only set for the European Union as a whole,
compared to the PRIMES 2007 baseline by Capros et al.
(2008) (EuropeanCommission2014).Assumingauniform
targetof27%forallMemberStatesbasedon the2030 target
of the European Union, Poland has to reduce its primary
energyconsumptionbyabout2.4%from2014until 2030 to
reach an assumed target of 87Mtoe,whileGermany faces a
gap of almost 26% to a hypothetical 2030 target of 217
Mtoe, based on the reference projections according to
PRIMES 2007. The assumption of a uniform energy effi-
ciency target for all Member States may be challenged as,

8 The conversion sector consumption in the EU28 as a whole mainly
consists of own use in electricity, CHP and heat plants and consump-
tion in petroleum refineries.

9 Please note that at the level 2 decomposition analysis, the penetration
of renewables with 100% nominal efficiency and of CHP appears as a
structural effect, due to the better disaggregation of effects at that level.
At the level 1 analysis, this appears as an efficiency improvement.
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Fig. 4 Comparison of the total changes in level 1 decomposition for 25 Member States (The total of EU28 and the sum over all countries
may slightly differ due to the missing data for the Member States Malta, Cyprus and Latvia.) (during the period 2000–2014)

Fig. 5 Decomposition of the change in total primary energy of the EU28 for the period 2000–2014 by different factors
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with respect to greenhouse gas emissions, there is an effort-
sharing existing for 2020 (European Parliament 2009) and
proposed for 2030 (European Commission 2016a), at least
for the sectors not concerned with emission trading. How-
ever, two arguments can be brought forward for a uniform
target:First, intheenergyefficiencyfield,onlyanoverallEU
target exists andnoeffort-sharing is proposedat thepolitical
level, neither for2020nor for2030.Second,Fraunhofer-ISI
et al. (2014) have shown that there are comparable energy
efficiency potentials across all EU Member States. This is
duetothefact that, forexample, intheresidentialsector there
is still a considerablepotential for improvementbetween the

present building stock and a building stockwith nearly zero
energyconsumption,despitesomedifferences inthepresent
level of energy efficiency among EUMember States.

The targets for the share of renewable energies in gross
final energy consumption in 2020 according to Directive
2009/28/EG were set to 15% for Poland and to 18% for
Germany (European Commission 2009).

Decomposition analysis for Germany 2000–2014

The German government has set itself several national
targets for the year 2020, in particular, the objective of

Fig. 6 Decomposition of primary energy consumption due to electricity generation for the EU28 for 2000–2014
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increasing the share of electricity generated byCHP plants
to 25% of total electricity generation, a share of 35% re-
newable energy in gross electricity consumption and a
reductionofGHGby40%comparedto1990.Furthermore,
there is a national energy efficiency target of−20% in 2020

compared to 2008 regarding primary energy consumption
(BMWi 2014, p. 5).

In our IDA on level 1, we find that the changes in final
energy consumption had the largest impact on Germany’s
PEC in the period 2000–2014 with almost 20 Mtoe (see

Fig. 7 Historic development of primary energy consumption (index) for the EU28, Germany and Poland and the gap to their 2020 targets
(as proposed in European Commission 2015b). A negative value implies that the proposed target is already reached

Fig. 8 Level 1 decomposition of primary energy consumption for Germany for 2000–2014
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Fig. 8). These energy savingsweremainly achieved in the
transport and residential sectors. The second largest effect
is the risingefficiencyof theconversionsectorwitharound
15 Mtoe. This reduction effect is mainly due to a rapid
development of renewable electricity generation from
6.6% in 2000 to 27.4% in 2014 and an accompanying
increase in efficiency of total electricity generation from
38.9 to 45.3% in the same period (AGEB 2015).

As a counteracting effect, the structural change to-
wards more electricity leads to an increase by around 11
Mtoe. Together with the slightly decreasing effects by
lower distribution losses and consumption in the

conversion sector, all effects together resulted in a total
change in PEC of 25 Mtoe.

On the second level of our decomposition, dealingwith
the electricity sector,we identified the changed structureof
the conversion sector to contribute most to the change of
primaryenergyconsumptionforelectricitygeneration (see
Fig. 9).Thedecrease amounts to around13Mtoe,which is
mainly linked to thegradual phase-outofnuclear energy in
Germany and the drop of its share in electricity generation
from 29.5% in 2000 to 15.5% in 2014 (−22 Mtoe). This
was substituted by renewable energy sources with 100%
nominal efficiency (6.1 to 17.6% in 2013) and electricity

Fig. 9 Level 2 decomposition for Germany for 2000–2014
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generationbyCHP(10.6 to12.4%in2013),whichaccount
for increasing effects of 7 and 5 Mtoe respectively. As
nuclear energy is accounted for in the energybalanceswith
a nominal efficiency of 33%10 (Eurostat 2015a), this sub-
stitution leads to an overall higher efficiency in electricity
generation, as can be seen in the level 1 decomposition.

The growing gross electricity consumption (+3%)
counteracted other effects with a resulting additive effect
of about 10Mtoe. Together with changes in the efficien-
cies mainly of thermal power plants, which had a slight-
ly increasing effect of 7 Mtoe, the total primary energy
savings due to the electricity sector in Germany amount
to 11 Mtoe.

Decomposition analysis for Poland 2000–2014

Our first-level analysis regarding Poland shows differ-
ing developments compared to Germany. While the
increasing final energy consumption amounted to an
increasing effect of about 10 Mtoe from 2000 to 2014,
all other factors lowered the primary energy consump-
tion (see Fig. 10).

The largest reducing effect with 2.3 Mtoe is due to a
decreased consumption in the conversion sector, which
dropped by 11% in the period considered. In contrast to
the developments in Germany, the changes in the struc-
ture of the conversion sector had a decreasing effect on
the primary energy consumption in Poland, as the con-
sumption of electricity is growing, but the share of
electricity declined slightly due to the more rapidly
growing consumption of energy carriers like solid fuels,
petroleum products, gas and waste. While the total
energy provided by the conversion sector grew by
around 17.5%, the structure within the sector changed
only slightly, with primarily lower heat production
resulting in a negative effect of 1.5 Mtoe. Changes in
the efficiency of the conversion sector in Poland also
had a reducing effect of about 1.2 Mtoe. The overall
efficiency of electricity generation in Poland increased
only slightly, while the main gains in efficiency are
accounted for in Bother energy sectors^ which besides
renewable energy like biomass and waste (i.e. non-
RES10011) also include refineries, where the total con-
version efficiency increased from 97.9 to 99.2% from

2000 to 2014. Considering also a slight decrease in
distribution losses (−0.5Mtoe), the total effect of chang-
es was a reduction of primary energy consumption of
4.7 Mtoe.

On the second level of our decomposition, the rise in
electricity consumption in Poland had the largest effect
on the primary energy consumption of electricity gen-
eration with an increasing effect of 2.5 Mtoe. This main
effect was reduced by changes in the structure of the
electricity generation sector, which amounted to about
−0.6 Mtoe (see Fig. 11). The structure effect of +0.55
Mtoe is composed of a slight increase in RES100 from
2.8 to 6.5% of gross electricity consumption, resulting in
an increasing effect of 0.5 Mtoe, and a slight increase in
the share of CHP, which resulted in an effect of +0.11
Mtoe, combined with a slightly decreasing share of
thermal power plants and Non-RES100 electricity gen-
eration contributing a decrease of around 1 Mtoe.

The changes of efficiencies in the electricity genera-
tion contributed an increasing effect of 0.15Mtoe, as the
efficiency of thermal power plants declined slightly
between 2000 and 2014.

Discussion

In the first part of this section, we discuss the main
results, while we focus on methodological choices in
the second part.

On the EU28 level, our analysis shows an overall
decline of PEC by 110 Mtoe from 2000 to 2014.This
decrease in PEC was mainly driven by increasing over-
all efficiency in electricity generation and reduction of
final energy consumption. These effects were
counteracted mainly by changes in the structure of the
conversion sector due to increased shares of electricity.
However, this development is not necessarily apparent
for the interim years. While we observe a reduction of
PEC by almost 7% for the period from 2000 to 2014,
some interim years show an increase, with a maximum
of 6% in 2006 compared to 2000. An overall decreasing
trend is only visible in the most recent years. Although
these changing developments can be partially attributed
to weather effects, economic activity also influenced
this development.

Our analyses show that the drivers for primary ener-
gy consumption in the various states differ, depending
on the changes in the energy system and macroeconom-
ic developments (see the tables in the annex). Many

10 This corresponds to the average thermal efficiency of nuclear power
plants in the EuropeanUnion. This nominal efficiency is assumed, if no
actual values are available (which is predominantly the case).
11 These renewable energies are accounted for with their actual con-
version efficiencies other than 100%.
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countries, which are not part of the EU15 (i.e. entered
the European Union after April 2004), show rising final
energy demand over the time period considered, which
is primarily due to increasing consumption in electricity
and Bother energy sectors^ rather than heat consump-
tion. In the EU15 Member States, this increase in final
energy consumption is not observed, with a few excep-
tions like Finland and Austria. While almost all coun-
tries show structural effects resulting in increasing ener-
gy use, these are far more significant in EU15 states, due
to the increased importance of electricity. In these coun-
tries, the structural effect driving energy use upwards is
counteracted in most cases by increasing overall energy
efficiency in the conversion sector.

Most of the changes at European level are caused by
only a few states, namely the UK, Germany and Italy.
However, the individual contribution of the different
factors can vary considerably: In UK, for example, the
change was mostly driven by reduction of final energy
consumption, while in Germany increasing efficiency in
the energy conversion sector was a major contributor to
the overall reduction. In Italy, both the reduction in final
consumption and improved efficiency in the conversion
sector, combined with a more moderate penetration of

electricity, strongly drove down primary energy
consumption.

We estimated or interpolated as few data points as
possible. In the case of larger data gaps, other national
data were used to close those gaps (e.g. for Germany).

Furthermore, the unrealistic representation of CHP in
Eurostat’s energy balances called for the use of other data
published by Eurostat (i.e. table Btsdcc350^), based on a
different methodology. In order to ensure consistency of
the dataset, the differences related to the changed ac-
counting of CHP generation were incorporated in other
related subaggregates (in particular into the transforma-
tion input for thermal power plants, as it can be supposed
that an overestimation of the CHP share leads to an
underestimation of fuel input for thermal power plants).

Also, a country’s PEC is influenced by weather and
climate, mainly through space heating-related final en-
ergy consumption of households and services as well
as—to a much lesser extent—primary energy consump-
tion of (heat-controlled) CHP. To assess this impact,
further analysis including climate-adjusted energy con-
sumption would be required. For the moment, this in-
fluence is included in the aggregate factor representing
all demand-side changes.

Fig. 10 Level 1 decomposition for Poland for 2000–2014
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Outlook and conclusion

With a PEC of 1507 Mtoe in the EU28 in 2014, there is
currently a gap of 1.6% to the intended PEC target of 1483
Mtoe in 2020. Germany faces a difference of 5% to its
target while Poland has been below its targeted PEC level
since the year 2000. The Member State targets proposed
by each country for 2020 (European Commission 2015b)
do not add up to the overall 20% energy efficiency target
of the EU. Almost all non-EU15 countries (except Bul-
garia, Malta and Estonia) already reached their 2020 tar-
gets in 2014 or remained below the targeted primary

energy consumption so far. But only a third of the old
Member States (EU15) already reached their 2020 goal in
2014, while others show a gap ranging from 1% (FR) to
14% (EL) in 2014 (see Fig. 12 in Annex).

In the EU15 countries, the increasing effects on level 1
were mostly due to structural effects attributable to rising
shares of electricity, which were counteracted mainly by
increasing efficiency in electricity generation and drops
in final energy consumption. Non-EU15 countries as a
group show a more mixed development. Here, the stron-
gest drivers towards increased energy use were the rising
final energy consumption or structural effects of the

Fig. 11 Level 2 decomposition for Poland for 2000–2014
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conversion sector (i.e. switch to electricity), which were
counteracted by rising efficiencies, dropping energy con-
sumption in the conversion sector and lower losses in
transmission and distribution. On the second level of our
analysis, i.e. the change in primary energy consumption
due to changes in the electricity sector, themain driver for
increased primary energy demand in the EU28 was the
higher electricity generation, of which Germany and
Spain contributed about a third. This effect was mainly
counteracted by changes in the structure of the electricity
sector, especially due to the decreasing share of thermal
and nuclear power plants and their substitution by
RES100 and CHP. The decline in the share of nuclear
power is mainly driven by Germany’s nuclear phase-out.

Overall, changes in the structure and efficiency of the
conversion sector and its electricity generation drove down
the EU’s primary energy consumption (from 2000 to
2014?) towards the 2020 target. These dynamics were
mainly linked to the penetration of renewable energy
sources and the substitution of other technologies in the
conversion sector. This implies that the decrease in prima-
ry energy consumption in the EUmay be closely related to
policies encouraging renewable energy and CHP and their
penetration in the conversion sector. The effects of policies
targeting demand-side energy efficiency are not visible
directly in our analysis, as they are included in the changes
in final energy consumption which is also influenced by
many other drivers in the various sectors, in particular,
economic development and weather effects or behavioural
influences. An econometricmodelling approach as applied
by ICF (2016) to measure the impacts of certain policies
might be useful to separate these different effects.

As a next step, an in-depth analysis of the develop-
ment of final energy consumption and the influencing
effects should be conducted, as this is one of the most
important drivers of primary energy consumption, be-
sides changes in structure and efficiency in the conver-
sion sector. Furthermore, the application of such a de-
composition analysis to relevant ex antemodel data (e.g.
PRIMES) at the level of primary and also final energy
could help in evaluating the effects of policies and targets
achievement. To identify impacts of energy policies more
clearly and to deal with the non-causality of standard
IDA, also a comparative decomposition of different ex
ante scenarios could be conducted to link developments
to specific policies, similar to the study by Agnolucci
et al. (2009) on the reduction of CO2 emissions.

While the reduction of primary energy consumption in
the EU as a whole seems to be quite in line with both the

20% reduction target by 2020 as well as the 27% target
(respectively the 30% target) by 2030, the energy con-
version sector (especially the transition to renewable
energy) has contributed a relatively small share, while
lower energy demand has been the key determining
factor in the period 2000–2014. Our analysis does not
distinguish to which extent lower energy demand is
caused by higher energy efficiency or by lower demand
for energy services (e.g. due to the economic crisis). If the
latter is substantial, compliance with the EU energy
efficiency targets as they are defined by the EED, which
does not exclude the target achievement by reduction of
economic activity, will be questionable in the case of
economic recovery. Thus, other methods measuring the
progress towards target achievement as they are postu-
lated in the Energy Service Directive (ESD) (European
Parliament 2006) could be considered to eliminate this
issue. A comprehensive harmonised system of evaluation
methods for several energy efficiency technologies and
measures was proposed by Thomas and Schüle (2009).

From our analyses, we can derive general policy
implications for some Member States showing certain
apparent developments. Poland, which shows strongly
increasing final energy consumption, has not yet
exceeded its 2020 target regarding final energy consump-
tion, but the observed trend could be counteracted by the
implementation of additional energy efficiency policies.
This is applicable for several other Member States, such
as Austria, Finland and to a lesser degree Ireland. Among
these countries, Austria and Ireland show an increase in
GHG emission compared to 2000. In spite of its high
share of renewables in electricity generation, Ireland still
faces a gap of over 7% to its 2020 target regarding the
share of renewables in total final consumption. This
implies the need for stronger policies promoting the use
of renewable energy technologies in Ireland.

Monitoring the progress of the European Union
and its Member States towards the EU’s energy
efficiency target is a crucial part of the mandatory
process as defined in the Energy Efficiency Direc-
tive. Analysing the underlying developments of this
progress thoroughly, as done in this paper, offers
insights which help to steer and to accelerate the
process of target achievement.
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Annex

Table 1 Results of decomposition on level 1: change of primary energy consumption and explaining factors 2000–2014 (Note: The colours
indicate the highest negative value in green to the highest positive value in red by row. Values in million tonnes of oil equivalent)
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EU28 -22.67 5.50 -93.28 -110.45 -37.60 -4.90 -55.79 -98.28 -0.57 -0.07 -0.85 -1.50 -1.64 -0.21 -2.43 -4.28 69.60 9.02 -37.54 41.07 -52.47 1.67 3.32 -47.48
AT 1.19 0.83 1.53 3.56 0.88 0.22 2.46 3.56 0.01 0.00 0.02 0.02 0.01 0.00 0.04 0.06 -0.43 0.71 -0.26 0.03 0.72 -0.10 -0.73 -0.11
BE -3.99 0.62 -4.06 -7.44 -1.87 -0.08 -3.27 -5.22 0.00 0.00 0.00 0.00 0.08 0.00 0.14 0.22 -0.73 0.21 0.12 -0.41 -1.47 0.49 -1.06 -2.03
BG 0.42 -0.06 -0.66 -0.30 -0.60 -0.11 -0.41 -1.13 -0.21 -0.04 -0.15 -0.40 0.14 0.03 0.10 0.26 2.06 0.23 -1.22 1.07 -0.96 -0.17 1.03 -0.10
HR 0.09 -0.05 -0.14 -0.10 0.07 0.01 0.22 0.30 -0.02 0.00 -0.06 -0.09 -0.06 -0.01 -0.17 -0.23 0.34 -0.04 -0.16 0.14 -0.25 -0.01 0.03 -0.23
CY - - - - - - - - - - - - - - - - - - - - - - -
CZ 2.12 -0.31 -2.24 -0.42 -1.31 -0.37 -1.52 -3.20 0.03 0.01 0.04 0.08 0.03 0.01 0.04 0.08 3.75 -0.23 -1.59 1.93 -0.39 0.27 0.80 0.68
DK -1.14 -0.38 -1.25 -2.78 -0.38 -0.35 -0.91 -1.64 0.02 0.02 0.05 0.08 0.02 0.01 0.04 0.07 -0.13 0.43 -0.23 0.07 -0.67 -0.50 -0.19 -1.36
EE 0.71 -0.20 1.31 1.82 0.66 0.21 0.74 1.61 -0.09 -0.03 -0.11 -0.23 0.02 0.01 0.02 0.04 0.29 -0.35 0.23 0.17 -0.17 -0.04 0.43 0.23
FI 0.48 0.77 0.80 2.05 0.69 0.25 0.86 1.79 0.04 0.02 0.06 0.12 0.07 0.02 0.08 0.17 -1.14 0.56 0.05 -0.53 0.82 -0.07 -0.25 0.50
FR 4.10 0.49 -11.37 -6.79 -5.48 -0.17 -5.27 -10.92 0.62 0.02 0.59 1.23 -2.62 -0.08 -2.52 -5.22 12.43 -0.47 -4.83 7.13 -0.85 1.18 0.67 1.00
DE -10.94 5.26 -19.46 -25.14 -7.62 -0.75 -11.27 -19.64 -0.19 -0.02 -0.28 -0.50 -0.56 -0.06 -0.83 -1.45 18.42 4.64 -11.85 11.21 -20.99 1.44 4.79 -14.76
GR -1.20 0.09 -2.77 -3.87 -1.85 -0.02 -2.35 -4.22 0.02 0.00 0.03 0.06 0.47 0.00 0.59 1.07 0.63 0.07 -0.27 0.43 -0.47 0.03 -0.77 -1.21
HU -0.78 -0.55 -1.68 -3.02 -0.73 -0.09 -1.05 -1.87 -0.13 -0.02 -0.18 -0.33 -0.10 -0.01 -0.14 -0.25 -0.61 -0.39 0.64 -0.36 0.79 -0.04 -0.96 -0.21
IE -0.53 0.00 0.12 -0.40 0.21 0.00 0.41 0.62 0.01 0.00 0.02 0.03 0.00 0.00 -0.01 -0.01 0.21 0.00 -0.10 0.11 -0.96 0.00 -0.20 -1.15
IT -8.86 7.84 -21.36 -22.38 -6.22 -0.03 -11.53 -17.77 0.05 0.00 0.10 0.15 0.16 0.00 0.29 0.45 6.62 7.77 -7.99 6.39 -9.46 0.10 -2.24 -11.60

LV - - - - - - - - - - - - - - - - - - - - - - -
LT -1.68 0.01 0.98 -0.69 0.50 0.28 0.92 1.70 -0.11 -0.06 -0.19 -0.36 -0.07 -0.04 -0.13 -0.23 -1.99 -0.34 1.05 -1.27 -0.02 0.16 -0.67 -0.53
LU 0.12 0.10 0.38 0.61 0.09 0.01 0.42 0.51 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.56 0.11 -0.18 0.49 -0.53 -0.02 0.13 -0.41
MT - - - - - - - - - - - - - - - - - - - - - - -
NL 1.33 -0.92 -3.93 -3.52 -1.94 -0.65 -4.96 -7.55 0.01 0.00 0.03 0.05 0.29 0.10 0.75 1.14 4.01 -0.70 -1.44 1.87 -1.04 0.32 1.69 0.97
PL 2.09 -2.24 4.86 4.70 3.20 1.51 5.49 10.20 -0.16 -0.07 -0.27 -0.50 -0.73 -0.34 -1.25 -2.32 0.17 -3.81 2.18 -1.47 -0.40 0.48 -1.29 -1.21
PT -0.05 0.50 -2.64 -2.19 -0.91 -0.05 -1.73 -2.69 0.08 0.00 0.15 0.23 0.15 0.01 0.28 0.44 2.07 0.60 -1.59 1.08 -1.44 -0.06 0.24 -1.25
RO 1.46 -3.97 -1.45 -3.96 -0.73 -0.34 -1.52 -2.59 -0.17 -0.08 -0.35 -0.60 -0.38 -0.18 -0.80 -1.36 3.42 -3.23 0.36 0.55 -0.68 -0.13 0.86 0.05
SI 0.38 -0.03 0.00 0.34 0.08 0.01 0.11 0.20 0.00 0.00 0.00 0.01 0.00 0.00 0.00 -0.01 0.56 -0.07 -0.26 0.23 -0.26 0.02 0.15 -0.09
SK -0.24 -0.57 -0.92 -1.74 -0.71 -0.12 -1.02 -1.85 -0.03 0.00 -0.04 -0.07 0.22 0.04 0.32 0.58 -0.28 0.03 0.09 -0.15 0.55 -0.51 -0.27 -0.24
ES 2.15 0.00 -3.33 -1.17 -1.24 0.00 -1.76 -3.00 0.38 0.00 0.54 0.92 1.56 0.00 2.22 3.78 9.50 0.00 -4.37 5.12 -8.05 0.00 0.04 -8.00
SE 0.39 0.95 -2.48 -1.14 -1.86 -0.35 -1.56 -3.77 -0.24 -0.04 -0.20 -0.48 0.42 0.08 0.36 0.86 2.97 0.88 -2.58 1.27 -0.91 0.38 1.51 0.99
UK -12.30 -0.69 -23.83 -36.82 -11.43 -0.44 -19.23 -31.10 -0.35 -0.01 -0.59 -0.96 -1.08 -0.04 -1.82 -2.94 5.00 -0.66 -1.62 2.73 -4.45 0.47 -0.58 -4.56

Table 2 Results of decomposition on level 2—change of primary energy consumption due to electricity generation and explaining factors
2000–2014 (Note: The colours indicate the highest negative value in green to the highest positive value in red by row. Values in million
tonnes of oil equivalent)
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