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Abstract
Despite a common EU directive on energy efficiency in residential buildings, levels of energy efficiency differ vastly across
European countries. This article analyses these differences and investigates the effectiveness of different energy efficiency policies in
place in those countries. We firstly use panel data to explain average yearly energy consumption per dwelling and country by
observable characteristics such as climatic conditions, energy prices, income, and floor area. We then use the unexplained variation
by sorting between-country differences as well as plotting within-country changes over time to identify better performing countries.
These countries are analysed qualitatively in a second step. We conduct expert interviews and examine the legal rules regarding
building energy efficiency. Based on our exploratory analysis we generate a number of hypotheses. First, we suggest that regulatory
standards, in conjunction with increased construction activity, can be effective in the long run. Second, the results suggest that carbon
taxation represents an effective means for energy efficiency.
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1. Introduction
As a means of addressing climate change, energy efficiency3 of residential buildings is becoming increasingly
singled out by EU environmental policy. Residential buildings are particularly important to focus on, since, according to
Eurostat, they account for around 25% of total energy consumption as well as around 20% of greenhouse gas emissions.
EU directives such as the directives 2002/91/EC, 2010/31/EU, and 2012/27/EU of the European Parliament and the
Council set minimum standards for all countries of the European Union to improve energy efficiency in residential
buildings. More importantly, specific goals are set for the years 2020 and 2030 (20% and 30% reduction in energy
consumption compared to projections).
While there are common goals, different governments employ different tools in order to reach these target values.
Moreover, energy efficiency levels differ vastly across European countries (Filippini et al. 2014). This gives us the
opportunity to study the effectiveness of various tools for increasing energy efficiency levels.
Former research has primarily focused on quantifying energy efficiency policies (Ó Broin et al (2015), Filippini et al.
(2014)) or focused on the evaluation of only one energy policy instrument such as regulations (Levinson 2014;
Levinson 2016)). This, however, went along with a number of limitations such as homogenizing heterogeneous policy
instruments, or excluding important policy instrument which are not quantifiable.
Therefore, we take on a different approach in order explore which factors of energy policy are effective and are able
to explain differences in energy efficiency across European countries. By taking on an exploratory and mixed methods
approach we shed some light on parts of energy efficiency policies which have earlier been neglected, such as district
heating and carbon taxation.
Our analysis is divided into two parts, namely a quantitative and an exploratory qualitative part. In a first step, we
use panel data techniques (LSDV) in order to explain residential building energy consumption (from 2000 till 2015) of
European countries by a number of observable characteristics. Country dummy coefficients can be regarded as
unexplained between-country-deviations from expected consumption levels (where the expectation is contingent on
observable characteristics). In a subsequent qualitative analysis, based on the results of our quantitative analysis, we
investigate energy efficiency policies (with respect to residential buildings) in selected countries by conducting expert
interviews in these countries and examining official policy documents as well as statistics.
Besides evidence on the effectiveness of regulatory (building efficiency) standards, our exploratory hypothesis
suggests the hypothesis that energy taxes and carbon taxation represent effective means of energy conservation.
2. Energy Efficiency in Residential Buildings
Literature on the effectiveness of energy policy instruments on energy efficiency is rather scarce. Differences in
climatic conditions, levels of income and living area, etc. preclude any simple cross country comparison of energy
consumption in the building sector. Some studies circumvent this problem by comparing regulatory standards of new
buildings (Schild et. al, 2010) although this also greatly reduces the scope by excluding the great amount of existing
buildings which make up most of the overall energy demand. Alternatively one may control for observable
characteristics that are known to influence consumption levels. There are only two major studies which analyze and
compare the effectiveness of energy policies on energy efficiency in residential buildings across different countries,
namely by Filippini et al. (2014) and Ó Broin et al. (2015). Therefore, we will focus mainly on these two studies and
explain their approaches fairly detailed since our further analysis is based on these two studies.
The empirical analysis by Filipini et al. (2014) combines an energy demand model which includes climatic
conditions, income levels and living area, with a so called frontier analysis. The authors generate six quantitative policy
indicators within three main categories. There are (i) regulatory standards (e.g. u-values), (ii) financial/ fiscal incentives,
and (iii) informative measures based on the cross country database on energy policies (MURE). This approach has two
major limitations: firstly, quite distinct policy measures are treated as if they were identical. To give an example,
subsidies for specific types of technologies and broader incentives such as energy taxation are put together in category
(ii). Secondly, by simply counting the number of policies there are no weights which signify the relative impact of these
measures (i.e. the indicator is equal to 1 if there are two or more regulatory standards in place that prescribe rules for
buildings or heating within a country, and 0 otherwise). Many different kinds of standards fall within the precinct of this
category. The authors recognize this problem when they state „This is arguably a relatively simplistic approach because
[..] the measures are heterogeneous; hence, counting the number of measures introduced in each group could be
imprecise“ (Filippini et al., 2014, 78). For example, Filippini et al (2014, 76, table I) list Sweden as one of the countries
with relatively few regulatory standards. But as we will show below, the regulatory standards in Sweden should be seen
as the strictest across Europe. In summary, the results suggest that regulatory standards and financial/ fiscal incentives
3

In this paper the term energy efficiency improvement is defined as the reduction in energy consumption whilst holding the temperature level
constant. Since we control for prices, income (GDP per capita) as well as average size of apartments and other relevant variables which might affect
energy consumption, lower energy consumption indicates higher energy efficiency in a country.
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affect energy consumption, whereas informative measures do not. These findings are in accordance with Feser & Runst
(2016) who investigate why subsidized information campaigns for home owners do not seem to be effective in
increasing the rate of energetic retrofits (and point toward lacking profitability and asymmetric information as reasons).
Ó Broin et al. (2015) pursue a similar strategy as Filipini et al. (2014) but introduce a stronger quantitative element in
generating the policy-indicators. The authors use a panel data set of 15 European countries for the time period of 1990
till 2010. They estimate the determinants of heating energy consumption. Instead of simply counting the number of
different types of policies (Filipini et al., 2014; also Bertoldi and Mosconi, 2015), Ó Broin et al. (2015) generate what
they call a semi-quantitative index, whereby they apply different impact-weights to different policies in order to include
a measure of effectiveness (and the effect size) for different policies. The policies recorded in the MURE-database are
therefore divided into low, medium and high impact, which correspond to energy savings of 0.1%, 0.1-0.5%, and more
than 0.5%. Accordingly, each policy is coded as 1, 10 or 20. The semi-quantitative approach thereby transforms a more
or less informal expert consensus on the effectiveness of a policy by mapping tem onto the numbers 1, 10, or 20. The
resulting semi-quantitative policy indicators also enter the empirical specification as lags (t-1 until t-7) in order to
capture medium run effects. There are three policy categories – financial, informative and regulatory. The authors show
that regulatory policies impart the greatest effect on energy consumption. In contrast to Filipini et al. (2014), the results
indicate a seven year delay in the effectiveness of informative measures. Information effect sizes are also relatively
small. The authors suggest increased implementation of regulatory measures.
A semi-quantitative approach necessarily emphasizes similarities between heterogeneous policies in order to create a
feasible number of categories. To be sure, any process of quantification faces this challenge as the counting of entities
(variable values) within constructed categories (variables) always entails some degree of artificially introduced
homogenization. Another limitation of the study is the exclusion of certain policies (such as carbon-taxation) as they
“would already be represented in the energy price time series” (Ó Broin et al., 2015, 220). Yet, the amount of collected
energy and carbon-taxes does not necessarily correlate with the size of the tax rate. Individuals will adjust their behavior
and substitute taxed sources (e.g. coal and oil) in favor of non-taxed or lightly taxed sources of energy. Thus, for
countries in which energy and carbon-taxes have been in effect for many years (e.g. Sweden), the carbon-tax revenue
underestimates the full impact of tax based energy policies as oil and coal are no longer in use. In other words, if people
have already switched to renewable energy sources a high carbon-tax rate is not necessarily mirrored in a high energy
price index.
The studies discussed above (Filipini et al., 2014; Ó Broin et al., 2015) have made valuable contributions to the
literature and it is noteworthy that regulatory measures impart effects on building energy consumption in both of these
papers. We base our analysis on the contribution of these two studies and extend their approaches in order to solve some
methodical limitations and obtain more precise results.
3. Quantitative Analysis
We employ a mixed-methods approach. Our quantitative analysis serves the purpose of explaining energy
consumption by country and year by observable characteristics. We pay close attention to country specific effects as
they can indicate a higher (or lower) level of energy consumption than what we would expect from the vector of
observable characteristics. We also plot the country specific residuals over time. Systematic changes over time may
indicate improvements or decline in energy efficiency. We then build upon these quantitative insights by qualitatively
investigating certain countries, which stand out due to their better-than-expected energy efficiency, in detail. These case
studies identify likely (policy) causes for their high levels of energy efficiency or efficiency improvements.
Having data of the 28 countries of the European Union and Norway for the years from 2000 – 2015, we use panel
data methods. The mean energy use per dwelling4 by country and year (as tons of oil equivalent) represents the
dependent variable in our empirical model which takes the following form:

In order to capture the country-specific effects a Least Squares (Country) Dummy Variable Model (LSDV) will be
run. Therefore, a country dummy variable
is included in the model controlling for time-invariant countryfixed effects. These country dummies show whether a country consumed more or less energy than others after having
controlled for country-specific conditions. Using a LSDV can also prevent endogeneity caused by omitted variables
since it captures all country specific effects. However, in this case we expect that the country specific effects mainly
capture public policy differences across countries. It has been shown that cross country analyses often suffer from
omitted variable bias (Ranson et al., 2014). Both Filipini et al. (2014) and Ó Broin et al. (2015) include only a small set

4
Former studies have used consumption per square meter as their dependent variable. We use average consumption per dwelling instead and
control for floor area since we believe that consumption only increases until a certain floor area is reached and decreases afterwards.
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of controls. Besides the LSDV approach, we consequently add a number of additional variables, represented by ,
which plausibly affect energy consumption.
The vector is composed of the following time-variant explanatory variables:
is the weighted average
price index which calculates the energy price according to the country’s specific energy mix and prices (including taxes
and levies). Alternatively, we also used a net weighted average price index (excluding taxes and levies). However, due
to a large number of missing values in the time-line and across countries, we did not include WAPInet in the model
specifications.
Furthermore, the median age of the population, mean floor area and GDP per capita are included. All three are
expected to have a positive impact on energy use. Their squared terms are included as well since we do not expect
further positive impact on energy use from a certain floor area or GDP per capita onwards. Share of homes that are
owned (as opposed to being rented) is included in the model in order to test for the existence of the owner-tenant
dilemma. Moreover, the share of apartments (as opposed to free standing houses) is an important explanatory variable
as apartments are more energy efficient due to the lower number of outer walls. In order to control for climatic
differences we use
,
and
as additional variables.
are heating degree days which is a
proxy variable for the country’s specific climate, whereas
captures possible effects related to continental
climates in eastern European countries. The thermal properties of the building stock depend on its age. Therefore, we
use the share of newly constructed residential buildings each year in conjunction with the share of buildings after 1980
in order to construct the variable
1980 for all years and all countries. We also included the country’s average
household size as an explanatory variable since we expect higher energy consumption with increasing household size.
However, the household size does not vary substantially across countries and neither within countries over time.
Besides, the variable household size was not significant and the regression output did not change substantially after the
inclusion of the variable. Only the variable floor area lost some significance which could mean that the variable floor
area partially captures household size. Therefore, the variable household size was dropped from the model. Finally,
is the error term in this model.
The results of a Breusch-Pagan Test showed that the model contains heteroscedastic residuals. As often observed in
panel data, we also detect autocorrelation. This is due to the country specific effects which are not constant over time.
Therefore, heteroscedasticity and autocorrelation robust standard errors are specified in both model specifications.
Furthermore, energy prices are most likely affected by energy demand. In order to address this endogeneity problem
Bigano et al. (2006) rely on lagged energy demand and Arellano-Bond dynamic panel-data estimations. Although a
robustified Durbin-Wu-Hausman test on endogeneity led us to accept the null hypothesis of exogenous prices (WAPI
tax), we nevertheless use an instrumental variable approach in order to safely rule out potential endogeneity.
To that end, the first year lag of the energy prices is used as an instrument for the energy prices. Energy prices were
highly correlated with their lags and the lagged energy prices are not endogenous to the demand of energy. We use a
two-stage least-squares (2SLS) estimator since it is more efficient than ordinary instrumental variable estimators
(Cameron and Trivedi 2010). In the first stage we regress the potentially endogenous variable WAPItax on the
instrument and all exogenous variables. The first stage regression output shows that the instrument (L1.WAPItax) is
statistically highly significant and its t statistic is relatively high. This confirms the use of our instrument. The second
stage replaces WAPItax in the structural regression by the predicted values from the first stage regression.
The results of the second stage regression show that the negative coefficient is larger. This suggests that the negative
effect of prices on energy consumption was underestimated by 6 percent in the original regression. As the standard
errors are not substantially larger and the t statistics did not become smaller compared to the original model we can
conclude that L1.wapitax is a strong instrument. The strong association between WAPItax and its first year lag
emphasizes this. Furthermore, a Stock-Yogo weak ID F test defines the critical value to be 16.38 at a 10% maximal
relative bias toleration. Since we have a minimum eigenvalue statistic of 90.86 and an F statistic of 25.77 (due to robust
standard errors) we exceed the critical value of 16.38 and therefore, can reject the null hypothesis of weak instruments.
By including exactly one instrument for one potentially endogenous regressor our model is just-identified. This is also
proved by the Kleibergen-Paap rk LM statistic which shows that our model is identified. Although WAPItax was not
found to be endogenous, the estimates are still consistent.
Consequently, by conducting a Two-Stage Least Squares (2SLS) Regression in the second model specification,
reverse causality can be circumvented. With the inclusion of the instrumental variables the model takes the following
form:
Where:
Where:
0
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3.1. Data Sources
All variables, their sources, and basic descriptive statistics are displayed in table 1. The data for energy consumption
per dwelling in tons of oil equivalent was obtained by the ODYSSEE-MURE website, which represents a collaborative
effort by several European national energy agencies. The data is normalized to account for varying severity of winter
weather conditions from year to year. ODYSSEE-MURE further provided the data on home floor space and heating
degree days (HDD). The latter variable is defined as the distance between Temperature Tm and 18 degrees Celsius
(weighted by the number of days), if outdoor temperature is 15 degrees or less and zero otherwise:
18 °

where:

,
0,
∑

15°
15°

/
#

We use both latitude and longitude as additional climate controls, whereby longitude controls for continental
climates of eastern European countries. These variables were taken from the CIA fact book and verified with additional
online sources. The median age is available at Eurostat. Home ownership and the fraction of the population living in
apartments (for each country and year) are also available at Eurostat. However, these two variables do not contain
values for each year, especially between 2000 and 2006. We graphically inspected the existence of a time trend in each
country. If the slope is close to zero, it can be assumed that no systematic trend exists and the last available value was
used for imputation. No more than three years of missing data was filled in in this manner.
The weighted average price index represents energy prices according to the country specific energy mix as well as
country specific prices and taxes on each energy carrier. Therefore, the share of the main energy carriers (oil, coal, gas
and electricity)5 of the country’s energy mix was calculated. Thereafter, prices of each energy carrier for each year were
deflated to the prices of the year 2010 and denoted in USD. If the prices were only available in other currencies, the
prices were converted into USD using the exchange rate of the respective year. To have a common base of
measurement consumption of oil, coal, gas and electricity was converted into the unit tons of oil-equivalents using the
IEA unit converter. In addition to this, different conversion efficiencies of the energy sources were considered, too.
Therefore, the prices were multiplied by the energy carrier’s conversion efficiency factor (NCV). Finally, the prices per
ton of oil equivalent in USD and in NCV of one energy carrier (in one year) were multiplied by the carrier’s share of the
energy mix. Adding up these prices of each energy carrier yields the country and year specific weighted average price
index. The data to construct this weighted average price index was drawn from ODYSSEE-MURE, Eurostat, IEA,
OECD and Statista.6
Data for GDP per capita and floor area were both drawn from Eurostat. In order to construct the variable
share_post80 we use data on newly constructed residential buildings in each year and those constructed after 1980
drawn from the European Commission, ODYSSEE-MURE and Norway Statistical Offices. Table 1 presents the
descriptive statistics and data sources.

5

Some country’s energy mix includes biomass, wood as well as district heating as energy carriers. Due to a lack of data on prices of these energy
carriers in most of the respective countries, we did not include these energy carriers in the WAPItax calculation. Instead, we subdivided the cumulated
share of these three energy carries onto the other main energy carriers according to their share.
6
Missing values were carefully imputed up to three years. If a systematic trend was observable, the value was adapted to the trend otherwise the
value of the last year available was adopted or the mean between two years’ value was chosen.
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Table 1: D
Descriptive staatistics
Variable
consumptionn
(in toe_dw)

Obs
Mean
406 11.336

Std. Dev.
0.516

Min
0.300

Max
3.277

Data SSource
ODYSSE
EE

wapitax

444 1368.910
1

606.238

229.616

3334.713

age
hdd
latitude
longitude
floor_area
gdp_capita

434
435
464
464
417
435

2.344
1221.309
7.239
13.657
22.081
21918.14

32.400
306.604
35.126
-8.244
34.360
1609.28

45.600
6058.319
61.924
60.128
145.771
116612.900

based on::
ODYSSE
EE, IEA,
OECD, E
Eurostat,
Statista
Eurostat
ODYSSE
EE
CIA Factt Book
CIA Factt Book
Eurostat
Eurostat

homeownership
aprtmt_share
share_post80

358 75.861
7

10.545

51.600

97.600

Eurostat

365 38.009
3
464 31.749
3

16.860
10.808

2.500
2.030

69.700
74.230

ODYSSE
EE
based on:: European
Commisssion,
ODYSSE
EE, Norway
Statistical
al Offices

339.280
2
2942.892
4
49.136
1
14.947
9
90.415
2
29430.310
0

1

Figure 1 ddepicts the avverage annual energy consuumption per dwelling
d
and country sorteed from least consuming too
most consum
ming. One caan see that so
outhern counttries consumee, on averagee, less energyy than centraal or northernn
European couuntries. The countries
c
with the highest avverage consum
mption per dw
welling are Luxxembourg, Ireeland, Finlandd
and Norway..
Average annuual energy con
Figure 1: A
nsumption perr dwelling and
d country

3.2. Quantitaative Results
Regressioon results are presented
p
in taable 2. Model specification 1 are the resu
ults of an LSD
DV estimation including thee
heteroscedassticity- and auutocorrelation robust standaard errors, wh
hereas model specification 2 shows the results of thee
2SLS regression using ann instrumentall variable (IV
V) for the eneergy prices. As
A expected thhe weighted average pricee
index has a nnegative impaact on energy use in both sspecifications. The 2SLS regression shoows that the original
o
modell
underestimatted the negattive effect of prices on coonsumption by
b almost 6%
%. The climatte control varriables HDD,,
longitude and latitude are jointly signifficant in both model speciffications. As expected,
e
eneergy consumpttion increasess
with more heeating degree days and with
h increasing laatitude. Longiitude has a po
ositive impactt on energy co
onsumption ass
well, which ssuggests that continental
c
cliimate has a poositive impactt on energy consumption.
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Age is only significant in model 2 and has, unexpectedly, a negative impact; its squared terms are not significant in
either model. Floor area and GDP per capita and their squared terms are significant in both models. As expected, GDP
per capita has a positive impact on energy consumption. However, a reverse trend is observable once a certain income is
reached and less energy is consumed. Equally, increasing floor area leads to higher energy consumption up to the point
at which floor area exceeds about 100 square meters after which consumption is decreasing again. This is most probably
due to selective heating of rooms within a large dwelling. The share of owned homes does not affect the dependent
variable. The tenant-owner-dilemma does not seem to be a major hurdle for the implementation of energy efficiency
measures. The share of apartments affects energy demand negatively in both models. Similarly, the share of dwellings
built after 1980 has a negative impact on energy use, albeit only in model 2.
Overall, our model’s explanatory power is very high with an
of around 0.983. This is due to the fact that the Least
Squares Dummy Variable Models capture the effects of otherwise omitted variables. Coefficients of year and country
dummies are not listed in table 2. A negative time trend is observable, which can be explained by technological progress
as well as increasingly stringent European energy efficiency policies. Figure 2 depicts the country fixed effects sorted
from least consuming to most consuming country. Country effects which were not significant have a coefficient of 0.
Germany and France are left out as a control group and therefore have a coefficient of 0 as well. The country which
displays by far the lowest energy demand is Sweden. The two countries which display the highest energy demand are
Ireland and Luxembourg.
Our model results coincide with additional evidence. According to data by the International Energy Agency7,
Bulgaria’s residential energy consumption per capita is only about one third of Germany’s, whereas Luxembourg
requires 35% more energy than Germany. A study by the University of Luxembourg (Maas and Zürbes, 2007) also
concludes that residential energy requirements are 30% to 40% above German and Swiss ones.
Table 2: Regression Results1
Model 1
Model 2
LSDV
IV
log_wapitax
-0.109**
-0.163*
(0.043)
(0.052)
log_hdd
0.162*
0.160*
(0.086)
(0.06)
Longitude
0.0102***
0.0297***
(0.003)
(0)
Latitude
0.0378**
0.00846*
(0.018)
(-0.076)
Age
-0.133
-0.145*
(0.149)
(0.08)
age2
0.00146
0.00161
(0.206)
(0.119)
floor_area
0.0230***
0.0235***
(0.008)
(0.002)
-0.000115***
-0.000119***
floor_area2
(0.007
(0.002)
gdp_capita (x1,000)
0.00676*
0.00613*
(0.082
(0.083)
gdp_capita2
-4.86e-11**
-4.72e-11**
(3.00E-02)
(1.90E-02)
home_ownership
0.00114
0.00139
(0.424)
(0.291)
apartment_share
-0.00751***
-0.00751***
(0.002)
(0.001)
share_post80_
-0.00348*
-0.00299*
(0.059)
(0.083)
N
276
275
R2
0.983
0.983
1Country and time fixed effects are included in both models. P-values are displayed in parentheses.
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Figure 2: Country fixedd effects after panel regressiion

hile the counttry dummies have
h
removedd
Finally, fiigure 3 depictts the residuals of the modeel by country over time. Wh
mean deviatiions from the overall energy demands, thhese graphs caan be interpreted as within--country chan
nges over timee
that are not eexplained by observable ch
haracteristics. The countriees which display a clear neegative trend over time aree
Latvia and H
Hungary as weell as France, and
a Luxembouurg to a minorr extent.
Falling coountry specifiic effects oveer time are ann indicator fo
or the implem
mentation of eenergy efficien
ncy measuress
within a counntry.
In our qualitative and exploratory an
nalysis we wiill focus on th
he analysis off Swedish eneergy policy due to its highh
performance. Furthermoree, the quantitative analysis sshowed that Finland
F
has co
onsumed on avverage less en
nergy than wee
would have expected giiven the coun
ntry specific conditions. However, co
ompared to SSweden, Finland’s energyy
consumptionn savings are not
n as high. Beeing geographhic neighbors,, Finland and Sweden are siituated in a sim
milar climaticc
and cultural zone and aree thus, ideally suited for a direct policy comparison. Considering tthe similaritiees of the bothh
plains the diffference in en
nergy efficien
ncy between both countriees. Therefore,,
countries, beegs the question, what exp
Finland will be analyzedd additionally.. We will, fuurthermore, an
nalyze Ireland
d because of its relatively
y high energyy
demand as w
well as Latvia and
a Hungary due to their deecreasing tren
nd found in thee plotted residduals.
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Figure 3 ((continued): Residuals
R
afterr panel regresssion by countrry over time

4. Exploratoory Policy An
nalysis
Qualitativve methods aree known to geenerate more ddetailed inform
mation. Therefore we use qqualitative metthods in orderr
to explore thhe countries’ energy
e
policies. The qualitaative analysis is
i based on seemi-structuredd in depth expert interviewss
and extendedd by an exam
mination of oriiginal policy ddocuments ass well as reseaarch articles, aas table A in the appendixx
summarizes. The gathered material was evaluated with regard to our researrch question, i.e. are theree any distinctt
policies that may explain the
t country’s low
l energy coonsumption leevel. This anallysis is meant to be exploraative, wherebyy
we aim to forrmulate plausible hypotheses based uponn qualitative evidence, not to test them.
4.1. Sweden
Sweden iis an interestiing case for our policy annalysis becau
use once we take all obseervable characcteristics intoo
account, the Swedish residdential sector uses the leasst amount of energy
e
per dw
welling. Descrriptive data by
y the Swedishh
Energy Agenncy display a falling total consumption
c
bbetween 1995 and 2008 (seee figure 4). A
According to the
t conductedd
interviews, thhree characteristics of Sweedish energy policy turn out to be notew
worthy: regullatory energy standards forr
new buildinggs, the energy and carbon-taaxation system
ms as well as district
d
heating
g.
4.1.1. Energyy regulation standards for new
n buildingss
Swedish eenergy regulattion is quite rigorous,
r
comppared with oth
her European countries (seee table 3). Th
his is not onlyy
the case for tthe timespan of our quantittative analysiss (2000-2015)). The regulattion from 197 8 (SBN 75, Supplement
S
1))
comprises ennergy requirem
ments that aree equal to, or even stricter than those in Germany in 22014 (ENEV 2014). In thee
meantime, thhe computational basis for u-values
u
has bbeen altered (B
BFS 1993; BF
FS 2002:6) annd standards were
w tightenedd
in 2007 (com
mpare BFS 2006:12 of 2007
7 as well as BF
FS 2008:20 BBR
B
16). 2007
7’s tighteningg of building part
p regulationn
was accompaanied by the introduction
i
of
o a preliminarry 2-year license and periodical consump
mption meterin
ng. In the casee
of non-comppliance, ownerrs are fined an
nd buildings haave to be mod
dified.
Figure 4 ddepicts Swediish total resid
dential energyy consumption
n over time. As
A the regulatitions have beeen strict sincee
the 1970s annd as they havve been tightened further inn 2007, they cannot
c
be regaarded as the m
main explanattory factor forr
the decline oof Swedish eneergy consump
ption between 1995 and 200
07 without furrther qualificaation. If we pu
ut aside the oill
price shocks of the 1970ss, we can obseerve that enerrgy demand iss on decline since 1995, orr, perhaps 199
90, whereas itt
showed no fuurther reactionn to the tighten
ning regulatioon in 2007.
Furthermoore, tighter building part regulations
r
m
may not have been introdu
uced for envir
ironmental pu
urposes. Theyy
could, perhapps, simply bee explained by
y utility maxiimizing decisions in colderr climate zonnes. If house owners
o
investt
without beinng forced by regulation,
r
in order to gainn more energy
y efficiency, a law that coddifies this praactice will nott

Energy
E
Efficiencyy in European Ressidential Building
gs

100

encounter muuch oppositioon. Legal codiification, in thhis case, would only translate a commonn practice into formal law..
Thus, the cauusal relationshhip is not neceessarily runninng from law to
o energy consu
umption.
4.1.2. Energyy and Carbon Taxation
Figure 4 sshows that a major
m
proportion of energy cconservation was
w achieved from 1995 onn and this declline cannot bee
explained byy regulatory reeforms or the tightening
t
of bbuilding part regulation in 2007 becausee it was introd
duced after thee
major part off conservationn had already been
b
achievedd. Instead, as we
w found out in the expert iinterviews thee introduction,,
and more im
mportantly, thee upward adjusstment of the carbon-tax pllay a significaant role. In 19991, Sweden was
w one of thee
first countriees to introducee a carbon tax, right after Fiinland and Po
oland did so in
n 1990. In currrent prices the tax rate wass
at 20 €/ton oof CO , but in subsequen
nt years it waas subject to continuous in
ncreases. Thee highest raise occurred inn
between 20000 and 2004 where
w
the pricee per ton grew
w up to 100€. The energy- and
a electricityy- as well as the carbon-taxx
revenues are also shown inn figure 4. Thee continuous iincrease of thee electricity taax revenue aftter 1993 and th
he increase off
the carbon taax rate after 2000
2
mirror th
he declining eenergy consum
mption trend. The reductionn of fuel energy taxation iss
strongly overrcompensatedd by the increaase of electriciity and carbon
n taxation.
Based on our findings we hypothesiize that the caarbon tax had
d two major efffects: (1) a ggeneral reducttion in energyy
consumptionn and (2) changes of the eneergy-mix. Espeecially intensiified use of heeat pumps (figgure 5) and thee reduction off
oil consumpttion (figure 6)
6 are presum
mably caused bby the tax in
ncrease, which
h is supportedd by their co--varying timee
trends. Intereestingly, the spread
s
of heatt pumps caussed only a verry slight increease in electriicity consump
ption after thee
year 2000. F
Furthermore, the
t oil consum
mption reductiion is partly compensated
c
by
b an increasee in biomass consumption..
The actual inncrease in bioomass consum
mption is undeerestimated in
n figure 6, as a large portion
on of district heat
h (which iss
listed separattely) is fueledd by biomass as
a well.
Figure 4: Total residenntial energy consumption
c
((1970-2013, in
i TWh) and environmentaal tax revenues in Swedenn
(1993-20113, in Mio. SE
EK)

Source: Sw
wedish Energgy Agency, Staatistics Swedeen
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Figure 5: Sales of heatppumps in Sweden between 1982 and 2016

Source: Svvenska Kyl & Värmepump Föreningen
Figure 6: Energy consuumption (households) by ennergy carrier (S
Sweden, in TW
Wh)

Source: Sw
wedish Energgy Agency
4.1.3. Districct Heating
District heeating was meentioned by our intervieweees as another factor having
g improved ennergy efficienccy in Swedishh
residential buuildings. As a reaction to the oil pricee shocks in th
he 1970s, a political promo
motion of mun
nicipal districtt
heating occuurred. Districtt heating in Scandinavian
S
countries is relatively
r
enerrgy efficient (Joelsson and
d Gustavsson,,
2009). Due tto high energyy taxation, the district heat pproduction waas incrementaally adjusted too include a grreater share off
renewable ennergies insteaad of fossil fu
uels since the 1990s, which
h may have been
b
partly caaused by high
her fossil fuell
prices. Distriict heating hadd a market shaare of around 55% in 2014 (Werner, 2017
7).8
Hypotheesis 1:
Hypotheesis 2:
Hypotheesis 3:

Strict regulattions are effecctive in loweriing energy con
nsumption.
Carbon and
d energy taxxes are effecctive in imprroving energy
gy efficiency by loweringg
consumption and causing ffuel substitutio
on.
The prevalence of relativelly efficient disstrict heat systtems has caussed lower enerrgy use.

8
However, district heating is
i not per se an energy
e
efficient eenergy carrier. In
n cases in which pipes are outdateed and badly insulated districtingg
heating can leadd to an enormous loss of energy.”
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Table 3: Building part regulation across chosen countries (u-values)2
Finland

Germany

Sweden

Latvia

Hungary

Year

1978

1985

2010 1977

2014

1978

2008

< 1991

1991

2003

< 1991

1991

2006

Wall

0,29 - 0,35

0,28

0,17

1,45 - 1,75

0,28

0,25 - 0,30

0,18

1.1

0.36

0.25-0.3

1.2

0.7

0.45

Roof

0,23 - 0,29

0,22

0,09

0,45

0,2

0,17 - 0,20

0,13

1.3

0.31

0.2 -0.25 0.9

0.4

0.25

Windows

2,1 - 3,1

2,1 - 3,1

1,00

1,6 - 3,5

1,3

1,0 - 2,0

1,3

5.9

2.0

1.8

-

3.00

1.6

Ground Floor

0,23 - 0,4

0,22 - 0,36

0,16

0,9

0,35

0,17 - 0,30

0,15

0.25

-

0.85

0.25

2The table displays u-values:
Sources: Finland – ODYSSEE-Mure Policy Data Base
Germany - Wärmeschutzverordnung 1977, nichtamtliche Fassung S. 9-12; Energieeinsparverordnung 2014 nichtamtliche Fassung S. 41f.
Sweden - SBN 1975 Supplement 1 S. 17, BFS 2008:20 BBR 16 S. 10.
Latvia – Cabinet Regulation No 495 Adopted 27 November 2001, “Implementation of the EPBD in Latvia Status in November 2010”
by Dzintars Grasmanis
Hungary - before 1991: ME-30-65; 1991: BS-04-140/2-79; BS-04-140 2-85; DIN-04-140-2; 2006: 7/2006. (V. 24.) TNM
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4.2. Finland
Finnish reesidential enerrgy consumpttion is higher than the one in Sweden in both descripttive statistics,, as well as inn
our regressioon analysis (ssee figure 2). Descriptive statistics by the IEA (fig
gure 7) as weell as the ressiduals in ourr
quantitative aanalysis abovve (figure 3) sh
how hardly anny change in total
t
residential energy connsumption oveer time. In thee
following paaragraph we will outline the reasons for Finland’’s lower, yett, by Europeean compariso
on still quitee
satisfactory, energy perforrmance.
Figure 7: Total Residenntial Consump
ption Finland 1990-2015 (in
n ktoe)

y (IEA)
Source: Innternational Energy Agency
Besides sttrict regulatorry building paart energy effficiency regulaations (see tab
ble 3), Finnissh energy effiiciency policyy
incorporates a range of ecconomic incen
ntives such ass energy audiits for househ
holds or indusstrial productiion as well ass
energy grants for households in order to
o promote eneergy efficiency
y in the old bu
uilding stock. Like Sweden
n, Finland alsoo
makes extenssive use of disstrict heating which has a m
market share of
o about 45% (Sweden: 55%
%, see above; Vainio et. al..
2015). Alternnatively, counntry statistics provided by E
Euroheat & Power
P
(2013) estimate that about 50% an
nd 52% of alll
customers arre served by district
d
heat in
n Finland andd Sweden resp
pectively. Thee fossil fuel iintensity within the districtt
heating energgy mix and thhe overall ressidential energgy mix has beeen declining over the last decade. It is being mostlyy
substituted by renewable and
a carbon neu
utral energy ssources.
Thus, Finlland makes usse of a policy mix that dispplays remarkab
ble similarities to Sweden’ss regarding regulations, usee
of subsidies,, and the prevalence of diistrict heatingg. Therefore, it seems appropriate to exxpect Finland
d’s residentiall
energy conseervation levell to be roughlly similar to tthe one in Sw
weden. Since this is not thhe case, the discrepancy
d
inn
energy efficiency performance calls for another explaanation.
The experrt interviews and our anallysis of policcies suggests that the main
n difference bbetween the two
t
countriess
energy policyy lies in the more
m
stringent carbon taxatioon in Sweden.
Being thee first countryy to do so, Fin
nland enacted a carbon tax in 1990. This tax has beenn subject to major
m
reformss
(e.g. in 19977, 2007, 2011)) of which thee merging withh the energy tax
t is of particcular importannce. Since 1997 the carbonn
tax also appliies to traffic and
a heating fu
uels.
In Finlandd, different energy carrierss are subject to different carbon-tax
c
rates, either exp
xpressed in c/l (light/heavyy
heating fuelss) or c/kg (coaal). Heavy fueel oil and coall make up onlly an insignificantly small sshare of the heating
h
energyy
mix, whereass light fuel oill is the most im
mportant fossiil energy carriier after wood
d. If we projecct the 2015 tax
x rate for lightt
fuel oil (9,944c/l) to tons of CO2 (Stattistics Finlandd, 2017 ), it can
c be conclu
uded that the current carbo
on tax rate inn
Finland is seet at around €30
€ per ton off CO for ligght fuel oil. This
T
is, as a World
W
Bank st
study shows, rather
r
high inn
international comparison, although the Swedish
S
carboon tax rate is much
m
higher (World
(
Bank, 2015: 15). Lo
ower tax ratess
are imposed on natural gaas, certain bioffuels, and peaat. The relatively lower tax rate, can be rregarded as th
he main factorr
that distinguiishes Finland from Sweden
n.
In summaary, both Finland and Swed
den display eenergy perform
mance levels above what w
we would predict based onn
observable chharacteristics.. Their relative position cann be explained
d by tight regu
ulatory standarrds. Finally, more
m
stringentt
carbon-taxatiion seems to explain
e
Swedeen’s more advvanced positio
on when we co
ompare the tw
wo.
Hypothesiis 4: The effeectiveness off a carbon tax is depen
ndent on its magnitude. A tax of 30
3 € and a
tax of 1000 € per ton off CO cause m
markedly diffe
ferent reductio
ons in energy cconsumption.
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4.3. Ireland
In comparison to Sweden and Finland, Ireland is underperforming when it comes to energy conservation in the
residential sector. However, the descriptive data shows a 25% decline in residential energy use between 2000 and 2015.
Thus, while Ireland displays poor energy performance on average, there have been considerable improvements during
the last two decades. A rough calculation based on our regression coefficients suggests that at least one quarter of the
overall decline in energy use between 2000 and 2015 can be traced back to the construction of new buildings.9 The
single most important policy measure seems to be the building part regulation in Ireland, which is currently
comparatively strict.
The building part regulation was drastically tightened between 2000 and 2014. Table 4 shows its development over
time. It applies to new buildings as well as to renovation for existent buildings, although in the former case, it is more
demanding. Between 2000 and 2015, the building stock grew from 1.2 Mio. to 1.7 Mio. permanently occupied
buildings. Therefore, a large portion of buildings is subject to the tightened regulations of 2002 and 2007. The average
area per building grew during that period, but energy demand per dwelling declined (Irish Energy Agency, 2016). The
Irish Energy Agency explains this improvement by the increasing spread of central heating which is more energy
efficient than space heating systems.
Table 4: Building part regulations (u-values) for existent and new buildings in Ireland3
Year
Wall
Roof
Windows
Ground
Floor
Source:

Year
Wall
Roof
Windows
Ground
Floor
Source:

New Buildings
1991
1997
0,45 - 0,6
0,45 - 0,6
0,25 - 0,35
0,25 - 0,35
-3,30
0,45 - 0,6
0,45
BRTGDL4,
1991, p. 8

2002
0,27
0,16 - 0,22
2,2
0,25

BRTGDL,
2002
(Reprint
2005) , p. 9
Existent Buildings / Renovation
1991
1997
2002
0,60
0,45 - 0,6
0,6
0,35 - 0,6
0,35 - 0,6
0,35
-3,30
2,2
----

BRTGDL,
1991, p. 8

BRTGDL,
1997, p. 8

BRTGDL,
1997, p. 8

BRTGDL,
2002
(Reprint
2005) , p.9

2007
0,27
0,16 - 0,22
2
0,25

2011
0,21
0,16 - 0,2
1,60
0,21

2017
0,21
0,16 - 0,2
1,60
0,21

BRTGDL,
2007
(Reprint
2008), p.17

BRTGDL,
2011, p.17

BRTGDL,
2017, p.18

2007
0,27
0,16 - 0,22
2
0,25

2011
0,35 - 0,55
0,16 - 0,25
1,6
0,45

2017
0,35 - 0,55
0,16 - 0,25
1,6
0,45

BRTGDL,
2007
(Reprint
2008), p.
28

BRTGDL,
2011, p. 26

BRTGDL,
2017, p. 27

3 All

values are u-values. The unit is
4 BRTGDL = Building Regulations Technical Guidance Document L
Carbon-taxation was introduced for heating and motor fuels in 2010. Its original rate was set at 15€ per ton of CO2,
which was raised to 20€ per ton in 2012. Descriptive statistics show a marked decline in total energy use after 2010
despite the general increase in living space (Irish Energy Authority, 2016, 65-66). While this may indicate an impact of
carbon-taxation, the intervention is too recent in order to draw more definite conclusions.
The case of Ireland illustrates that hard building regulations are only effective in the long run. Because of the
building boom, about a third of the Irish building stock was built after the year 2000, thereby being subject to current
energy efficiency standards. Nevertheless, the average Irish energy consumption level is still higher than in most
European countries.
Hypothesis 5:
9

Stringent building regulations are only effective in the long run.

We assume the share of new buildings to be 33%, whereas the coefficient for the variable ‘post_80’ is 0.0035. The latter number signifies the
reduction in energy consumption (measured in toe) caused by a 1 percent increase of new buildings. Multiplying 0.0035% with 33 yields 0.12, which
represents about a quarter of the total reduction of the Irish energy consumption.
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4.4. Latvia and Hungary
Our quanttitative analyssis has shown that among al
all countries Latvia and Hun
ngary both occcupy middle positions
p
withh
regard to theeir energy connsumption lev
vel. Yet, bothh countries sh
how the strong
gest improvem
ments in enerrgy efficiencyy
over the yearrs. The residenntial energy consumption ppattern in both
h countries mo
oves almost paarallel. Overaall, Latvia’s ass
well as Hunngary’s total residential
r
en
nergy consum
mption fell between 1990 and
a 2016 (figgure 8). In our
o regressionn
analysis abovve, after havinng controlled for
f a number of key observ
vable characteristics, we cann see that enerrgy efficiencyy
has improvedd in the years from 2000 on
nwards (see figgure 3).
From 1980-1991 buildiings in Latvia and Hungaryy were built acccording to US
SSR Standardds (for u-valuees see table 3)..
After their inndependence, the Ministry of
o Architecturre and Constru
uction imposeed considerablly stricter enerrgy efficiencyy
standards in Latvia in 19991 which werre again tighteened by the Cabinet
C
Regullation No 4955 (LBN 002-0
01). The latterr
regulation caame into forcce in 2003 an
nd set construuction standarrds for new buildings,
b
as well as recon
nstructed andd
renovated buuildings. The u-values from
m 2003 are nnot as strict as
a in Sweden
n or Finland bbut roughly correspond
c
too
standards in Germany in 2014. Similarrly, building rregulation in Hungary wass tightened inn 1991, and again in 2006..
Hungary’s reegulatory dem
mands are sligh
htly weaker thhan the ones in
n Latvia.
Figure 8: Residential Ennergy Consum
mption in Latvvia and Hungaary (1990-2016, Index: 19990=100)

Source: E
Eurostat
As figure 8 depicts, total energy consumption inn Latvia and Hungary
H
alreaady had a deccreasing trend
d in the 1990ss
which could be due to the introduction of
o stricter stanndards in both
h countries at that
t time in 19991 (see table 3). However,,
construction activity was low
l
in the 199
90s (see figurre 9) and thereeby regulatory
y building stanndards do not translate intoo
improved effficiency perfoormance. Insteead there was a massive po
ost-socialist GDP
G
slump peer capita in th
he early 1990ss
followed by a gradual reccovery. Thus, the reductionn in energy consumption
c
can
c most probbably be expllained by low
w
incomes.
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Figure 9: Total
(Index: 2010=100)

number

of

new

resiidential

dweellings

in

Latvia

166

andd

Hungary

over

timee

Eurostat, Centrralas statistikaas parvaldes daatubazes
Source: E
In the yeaar 2003, whenn construction standards LB
BN 002-01 cam
me into force in Latvia, thee number of new
n dwellingss
skyrocketed till the financcial crisis in 2008
2
(figure 99). The sudden
n increase in construction aactivity correlates with thee
steady and strong GDP grrowth starting
g in 2003. Sim
milarly, Hung
gary experiencced a buildingg boom startin
ng in 1999 ass
GDP per cappita increasedd continuously
y. The buildinng boom coin
ncides with a temporary inncrease in eneergy demand,,
which plateaaus in 2004 and then graadually declinnes. Interestin
ngly, energy consumption
c
seems to decline in bothh
countries aroound 7 years after
a
the country’s tighter reegulatory stand
dards were im
mplemented.
In concluusion, similar to Ireland, tiighter buildinng regulationss in conjunction with increeased building
g activity aree
likely to expplain the fallinng energy con
nsumption levvels in Latvia and Hungary
y over time (ssee figure 8). However thee
effects are laagged by arounnd 7 years afteer the countryy’s implementation of tighteer building staandards.
Hypothesiis 6: Tighter regulations are
a most effeective when accompanied
a
by high connstruction acttivities in thee
residentiial sector.

5. Conclusioon and Policyy Implicationss
In this papper, we examiine the effectiiveness of envvironmental po
olicies in redu
ucing residenttial energy con
nsumption. Inn
contrast to fo
former studiess, we use an exploratory
e
appproach in orrder to find ou
ut which poliicies explain differences
d
inn
energy efficiency betweenn countries and
d to generate hhypotheses.
In our quuantitative anaalysis we regrress the meann annual enerrgy use per dwelling
d
in 299 European countries on a
number of oobservable chharacteristics. We then ploot country dum
mmy coefficients in orderr to identify countries
c
thatt
exhibit inexpplicably low or high energ
gy consumptiion. Sweden and Finland stand out beccause of theiir low energyy
consumptionn, whereas Ireeland can be found
f
on the oother end of the
t spectrum. We also plott residuals by country overr
time in ordeer to spot impprovements in
n energy efficciency. Latviaa and Hungary
y display a faalling time treend. We thenn
analyze thesee countries’ poolicy environm
ments qualitattively.
We find tthat building part
p regulation
ns are an effeective policy instrument forr reducing thee consumption
n of energy inn
residential buuildings. How
wever, the impact of regulattory standards becomes only
y visible overr longer time periods,
p
as forr
example in S
Sweden and Finland, unlesss the tightenedd regulation iss accompanied
d by a buildinng boom, as for
fo example inn
Ireland, Latvvia and Hunngary. While regulations hhave marked
dly contributeed to the redduction of ov
verall energyy
consumptionn in Latvia, Hungary
H
and Irreland, these tthree countriees are still positioned in thhe lower half of
o our energyy
performance ranking, whhich, again, speaks
s
to thee longer time periods req
quired for reegulation to affect
a
energyy
performance.
Our resultts also point toward an ad
dditional policcy instrument:: carbon-taxattion. As regullatory standarrds as well ass
other factors (such as the performance and the sharee of district heeating) are alm
most identical in the case of Sweden andd
Finland, anoother explanattion is requireed in order tto understand the relatively
y advanced pperformance of
o Sweden inn
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comparison to Finland when it comes to energy consumption. We argue that this crucial difference can be found in high
carbon-taxation rates that have existed in Sweden. The decline in the energy consumption pattern over time is consistent
with such an explanation as the increases in taxation coincide with the decline but cannot be explained by the timing of
building code reforms. In this regard the scope of carbon taxation plays a crucial role for its effectiveness. A carbon tax
of only 4,50 € per ton of CO2 as in Latvia or 30 € per ton of CO2 in Finland cannot show the far-reaching effects as
observed in Sweden (with a carbon tax of 120 € per ton of CO2).
From our research, the following policy implications and hypotheses can be derived, which should be tested in future
studies:
1.
Strict regulations are effective in lowering energy consumption.
2.
Carbon and energy taxes are highly effective in improving energy efficiency.
3.
The prevalence of relatively efficient district heat systems has caused lower energy use.
4.
The effectiveness of carbon taxation is highly dependent on its scope. A tax of 30 € and a tax of 120
per ton of CO2 cause markedly different reductions in energy consumption.
5.
Stringent building regulations are only effective in the long run.
6.
Tighter regulations are most effective when followed by high construction activities in the residential
sector.
There are certain limitations to our approach. Most importantly, we have focused on generating hypotheses, not
hypothesis testing. While our qualitative analysis leads us to argue that carbon-taxation can be an effective policy
instrument for reducing energy consumption, quantitative efforts should test this assertion. As more and more countries
introduce carbon-taxes, more data for such an endeavor will be available in the near future. In this regard, Lin and Li
(2011) have already provided a valuable first contribution by examining the impact of carbon-taxation on overall CO2emissions. Future studies should be careful to include the varying tax rates as our results indicate that the difference
between a tax of 30 € and a tax of 120 € per ton of CO2 causes markedly different outcomes.
Furthermore, the use of the country specific effects as an energy policy indicator has two major limitations, one of
which is the omitted variable bias. As above mentioned, the country dummies absorb the effects of omitted variables.
Moreover, the country dummies could include cultural factors or habits in what concerns energy consumption. Further
research could take upon these limitations.
Finally, while we cautiously suggest that both regulatory building standards as well as carbon-taxation can be
effective policy approaches for reducing energy consumption, we have not addressed the cost-benefit aspects of these
policies. There are strong theoretic reasons to believe that a taxation scheme will cause market actors to discover the
most cost-efficient means of lowering CO2-emissions. If the cost of CO2-reduction exceeds a certain level, the
likelihood of losing public support for further climate policies will increase, thereby jeopardizing global efforts to
mitigating climate risks.
However, since we used an exploratory analysis we were able to shed some light on energy policies which were
earlier neglected due to homogenization by quantification of energy policies. Therefore, our analysis provides useful
policy implications for further enhancement of energy efficiency policies in the European Union
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Appendix
A. Overview on documents and interviewees
Country
Sweden

Ireland
Finland
Hungary
Latvia

Other

Policy documents and interviews
Boverket (National Housing Board) building part regulation: www.boverket.de
SBN 1975 Supplement 1, BFS 1993; BFS 2002:6; BFS 2008:20
Economist: 1
Swedish Energy Agency: 2
Boverket: 1
Swedish Green Building Council: 1
Building Regulations Technical Guidance Document L 1991, 1997, 2002 (Reprint
2005), 2007 (Reprint 2008), 2011
Economists: 1
ODYSSEE-Mure Policy Database
Ministry of the Environment: 1
Energy Authority: 1
ME-30-65; BS-04-140/2-79; BS-04-140 2-85; DIN-04-140-2; 7/2006. (V. 24.)
TNM
Cabinet Regulation No 495 (Regulations Regarding Latvian Construction
Standard LBN 002-01 Thermotechnics of Building Envelopes
Ministry of Finance Republic of Latvia 2007: Operational Programme
“Infrastructure and Services” (3.5.2 Energy)
Energy Efficiency Law
Energy Law
Centralas statistikas parvaldes datubazes
Germany – Wärmeschutzverordnung (WSchVO) 1977;
Energieeinsparverordnung (EnEV) 2014
UK – National Audit Office, 2016.
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