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The purpose of this report is to provide the reader and the RealValue model builders with detailed socio-
economic facts regarding the population and housing trends in Ireland, Finland, Germany, and Latvia.
This report focusses on this selection of countries because the RealValue project either locally conducts
field experiments in which households are provided with smart electric thermal storage heaters (SETS)
or because the electricity and the heat markets are simulated. To this end, the information provided by
national agencies will be compiled in a reader-friendly manner.

There are three major determinants of heating energy consumption in the residential sector. On the one
hand, the size of the population and their allocation into households determines the number of dwellings
in need of energy. Of course, characteristics other than household size also influence the energy
consumption, such as the age of the occupants, their employment status, ownership/tenure, and the
time household members spend away from home.

The second major determinant influencing heating energy consumption is the dwelling itself. Larger
dwellings usually need more energy, especially for heating, compared to smaller dwellings with
otherwise comparable characteristics. The quality of the insulation also plays an important role. Usually,
newer buildings are better insulated, thus consuming less energy than older and less well insulated
ones. However, homes built during or shortly after the Second World War when building materials were
in short supply are often less well insulated than even older buildings. Of course, the climate in general
impacts energy consumption.

The third determinant, often overlooked, is the manner in which people use energy in their homes: as is

now well documented, heating consumption by occupants of near-identical dwellings can vary by a

factor of three or more, even when the buildings are constructed to high levels of efficiency. What are
commonly referred to as 6bkhhesbyré thaaracsérost dcs
considering the potential for demand response in buildings. Readers wishing to find out more about this

third category of determinants are referred to the contributions by Gram-Hanssen (2013), Lutzenhisen

and Bender (2008), Sanguist et al. (2012), and loannou and Itard (2015).

loannou and Itard (2015) find that building characteristics are considerably less important than the
behaviour of the occupants. Significant correlates of heating demand are, for example, thermostat
settings or ventilation flow rates. Gram-Hanssen (2013) analyses data from Denmark on whether
efficiency or user behaviour is more important, while Sanguist et al. (2012) find that lifestyle factors,
especially the use of air conditioning and the way laundry is done account for a large share of electricity
consumption.

For Germany, for example, the Federal Institute for Research on Building, Urban Affairs, and Spatial
Development (BBSR) provides for projections of the housing stock, which in turn, are based upon

population projectons. Each EU member 6s nat i on a fficiabpomulatiors t i cs of f
projections taking into consideration 1) the number of births per capita, 2) the level of immigration, 3) the

level of emigration, and 4) the life expectancy. In Germany, official population projections until 2060 are
available from the Federal Statistical Office.

Forecasts implicitly assume that the past is a good predictor of the future. If this assumption does not
hold, there is no information that could be used for predicting. Moreover, one needs to know the historic
development for a time period at least as long as the forecast horizon. Otherwise, there is no historical
evidence regarding the total level of change that occurred in the past over a comparable length of time.
Given that the RealValue project has extremely long forecast horizons, time series are presented for as
far back as possible.

In addition to long time-series on the historic and projected future population developments, working
package 6.2 is compiling information provided by national agencies on housing stock projections.
Special regard is given to ownership status, as well as technical and thermal housing attributes. This in-
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depth analysis provides working package 3 the opportunity to incorporate major determinants of
household energy consumption into their models.

In addition to socio-economic trends on the population and the housing stock, there are other
parameters that influence residential energy consumption, such as energy prices, the overall economic
situation. However, forecasts for the overall economic performance are only available for the next two
years. In both cases, the uncertainty associated with economic forecasts is considerably higher than
those for population trends. Therefore, this report can only indicate the present economic performance in
Ireland, Finland, Germany, and Latvia. Information on prices for electricity and natural gas are also only
available for the present.

In line with the amended grant agreement, the deliverable D6.2 is split into two reports. This report shall
cover the socio-economic trends. The second report from working package W6.2, indicated as D6.7 in
the original grant agreement, is due at a later stage of the project. D6.7 depends on modelling input
provided by working package 3 and, therefore cannot be completed before the modelling process. To
support the model building in working package 3 of the RealValue project, working package 6 will also
provide a scientific meta-paper comparing existing electricity and heat market models. This scientific
paper will be circulated as soon as possible in the form of a working paper to inform about and compare
existing models. This working paper shall support the RealValue model builder and shall be considered
an output of working package 6.2.

This report starts with an overview of EU-28 countries in terms of their total population and population
densities, as well as their economic performance both in absolute terms and in terms of per capita. This
gives an impression of how the 4 countries selected for the installation of smart thermal electric storage
heaters compare to the remaining 24 countries. The overview also informs about electricity and natural
gas prices for residential customers. The comparison breaks down the prices into their components so
that the reader can identify the influence of taxes and levies on the gross consumer price. The overview
of electricity and gas prices also indicates the competitiveness of the electricity on which the smart
electric thermal storage heaters operate.

The overview of European countries is followed by in-depth country studies from the largest country
(Germany) to the smallest (Latvia). These in-depth analyses connect various trends, such as population
and housing trends, that impact on the housing stock and the heating equipment used, with the latter
regulated in terms of efficiency requirements. Altogether, there is a cascade of relationships from
population trends to heating equipment, and, ultimately energy consumption. All must be accommodated
in the RealValue project. The case studies in this report try to shed light on each individual step of this
cascade. Therefore, all case studies follow the same logic.

First, historical population trends are presented. This gives an indication whether there are long-term
trends impacting the market size. For example, while the German population has moderately and
continuously increased s i n c e t hthis carOmaibd e attributed to a constant level of immigration.
In comparison, the population growth in Ireland mainly comes from a high birth rate. Of course, even
long-term trends change. However, in case that the future is fundamentally different from the past or the
present, then there is no way to extrapolate from existing data.

Second, the historical perspective is extended by official population projections. These projections
indicate future population levels based on a bundle of assumptions. Given that the RealValue project is
forward-looking with a projection horizon through 2050, the population projections may have
considerable influence on the electricity and heat markets. In Latvia, for example, most projections reach
the conclusion that by 2050 the population is going to decline by about 30%. The RealValue project
should account for such trends which can be expected to have considerable impact on residential
energy consumption.

The third building block ties the population projections to projections on the average size of households.
A common element of all case studies is a declining average number of persons per household.
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Fourth, while there are official projections for population and households in at least some of the countries
focussed on in the RealValue project, no official projections exist for other important inputs into the
RealValue project. For example, official projections of the housing stock in terms of its thermal efficiency
are not available. Therefore, the report D6.2A can only describe the regulations on efficiency up until the
present moment. However, generally speaking efficiency standards have been tightened constantly over
the past to the point where the future maximum levels of energy consumptions for new buildings are on
par with very low or even zero energy houses. These consume either extremely low amounts of energy,
if they consume energy at all. This removes some complexity from the model building.

Fifth, another important determinant of the potential for SETS is the future stock of heating equipment.
Again, no official projections are available. In fact, the available information for the present heating stock
often only focusses on the primary heating of households. Because of increases in the popularity of
renewable energies such as solar thermal, fire wood, or pellets, many households employ more than
one heating source. The RealValue project has to take this trend into account, too.

Having informed the reader about long-term trends on population, housing, and efficiency, the case
studies turn to the actual heating consumption of the residential sector. This gives the reader an
impression of the present size of the electricity and heat markets. The purpose of smart electric thermal
storage systems is to convert electricity to heat when electricity is inexpensive. Moreover, as long as
there is heat stored, residential heating demand can be postponed. This flexibility in demand is
marketed. Therefore, the size of the electricity market is just as important for the potential for SETS as
the size of the heat market itself.

2.1. References

Gram-Hanssen, K. (2013) Efficient technologies or user behaviour, which is the more important when
reducing househol dsdé6 energy conswhypti on?, Energy E°

loannou, A., and L. C. M. Itard (2015) Energy performance and comfort in residential buildings:
Sensitivity for building parameters and occupancy, Energy and Buildings 92: 216-233.

Lutzenhiser, L., and S. Bender (2008) The A Aver age Americanodo unmasked: S
differences in household energy use and carbon emissions,
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2008.pdf#page=141
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consumption. Energy Policy, 42, 354-364.
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B o

Value

In this chapter, the reader is given an overview on select facts in European countries. This facilitates an
understanding how the countries in which SETS will be installed compare to the other countries in

Europe. Further, information on prices is presented so that the reader can evaluate the competiveness

of electric heaters compared to other fuels, for example natural gas on the national level.

Population rank | area rank Density rank
(in 1000) (in kmz?) (people / km?)
EU-28 510,056 - 4,382,585 - 116 -
Austria 8,700 15 83,858 14 104 15
Belgium 11,290 9 30,510 24 370 3
Bulgaria 7,154 16 110,910 11 65 23
Croatia 4,191 21 56,594 19 74 21
Cyprus 848 26 9,251 26 92 18
Czech Republic 10,554 11 78,866 15 134 8
Denmark 5,707 17 44,493 22 128 9
Estonia 1,316 25 45,339 21 29 26
Finland 5,487 18 338,145 5 16 28
France 66,662 2 551,695 121 11
Germany 82,162 1 357,168 4 230 5
Greece 10,794 10 131,940 10 82 20
Hungary 9,830 14 93,030 12 106 14
Ireland 4,659 20 70,273 16 66 22
Italy 60,666 4 301,318 7 201 7
Latvia 1,969 24 64,589 18 30 25
Lithuania 2,889 22 65,300 17 44 24
Luxembourg 576 27 2,586 27 223 6
Malta 434 28 316 28 1,375 1
Netherlands 16,979 8 41,198 23 412 2
Poland 37,967 6 312,685 6 121 10
Portugal 10,341 12 91,568 13 113 12
Romania 19,760 7 238,392 9 83 19
Slovakia 5,426 19 49,036 20 111 13
Slovenia 2,064 23 20,273 25 102 16
Spain 46,438 5 498,468 2 93 17
Sweden 9,851 13 449,964 3 22 27
United Kingdom 65,341 3 244,820 8 267 4
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To facilitate finding the countries in which smart electric thermal storages are installed over the course of
the project, these are shaded light grey in the tables in this chapter. Turning to Table 1, the reader learns
that there are about 510 million individuals living in the EU-28 as of 2016. With a total area on the order
of about 4.4 million square kilometres, the average population density is 116 individuals per square
kilometre. However, the population is not heterogeneously distributed so that there is considerable
variation in the density across Europe.

For example, among the countries in which smart electric thermal storages are installed during the
course of the RealValue project, Ireland, Finland, Germany, and Latvia, the density is highest for
Germany with about 230 individuals per square kilometre and it is lowest for Finland with 16 individuals
per square kilometre. With 66 and 30 individuals per square kilometre, Ireland and Latvia are also
amongst the more sparsely populated EU countries. The ultimate column of Table 1 indicates the rank of
the density in the EU-28 countries. Germany is the 5™ most densely populated country; Ireland ranks
22" Latvia 25", and Finland 28™. Altogether, the 3 out of 4 countries in which smart local thermal
storages are installed are mostly sparsely populated.

In terms of the total population size of the select countries, the RealValue project comprises the country
with the largest population (Germany), the 18" largest (Finland), the 20™ largest (Ireland), and the 24™
largest (Latvia) in the EU. In terms of the area, the select countries are ranked as the 4" (Germany), the
5" (Finland), the 16" (Ireland), and the 18" largest (Latvia).

Altogether, the four countries selected for the installation of smart thermal electric storage systems have
markedly different country profiles. This increases the potential insights from the project compared to a
selection of homogeneous countries. Selecting Germany, the study comprises a country with a large
population, covers a large land mass, and has a high population density. With Finland, the study
focusses on a country that combines a large area with a smaller number of individuals and the lowest
population density in Europe. Ireland has about a million fewer individuals and only about a fifth of the
area compared to Finland. Latvia is about 8% smaller in size compared to Ireland with about half the
size of the population.

While Table 1 indicated significant heterogeneity in terms of area and population size, Table 2 does the
same for the gross domestic product in absolute terms and per capita. Altogether, the 28 countries
currently in the European Union had a gross domestic product on the order of 13,921 billion Euros in
2014. The country with the highest gross domestic product was Germany, at about 2,900 billion Euros.
Finland had the 12" highest, while that of Ireland was ranked 13 out of the 28 countries in the EU. With a
gross domestic product on the order of 24 billion Euro, Latvia was ranked 24",

Accounting for the size of the population, the country rankings become markedly different. Germany is
the largest economy in Europe, but its per capita income ranks only 8 out of 28. While Finland has the
12" largest economy out of all EU-28 countries, it has the 6™ highest income. Ireland has the 13" largest
economy but ranks 3™ in terms of the per capita income, while Latvia is ranked 22 out of 28. Thus, the
RealValue project predominately focusses on high income countries within the EU-28.

Nevertheless, there is a considerable difference in the annual per capita incomes in the select countries.
While the gross domestic product per capita is about 40,200 Euro in Ireland, 37,400 Euro in Finland, and
35,800 Euro in Germany, the per capita gross domestic product in Latvia is on the order of 12,100 Euro.
Thus, the gross domestic product per capita in Latvia is only about 30% of that of Ireland.
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Gross domestic rank Gross domestic rank

product product per capita

(billions of Euro) (in Euro)
EU-28 13,921 27,300 -
Austria 329 10 38,500 5
Belgium 402 9 36,000 7
Bulgaria 42 21 5,800 27
Croatia 43 20 10,200 25
Cyprus 18 26 20,500 13
Czech Republic 155 16 14,700 19
Denmark 257 11 45,600 1
Estonia 20 25 14,800 18
Finland 204 12 37,400 6
France 2,142 3 32,400 10
Germany 2,904 1 35,200 8
Greece 179 14 16,300 17
Hungary 103 18 10,500 24
Ireland 185 13 40,200 3
Italy 1,616 4 26,600 11
Latvia 24 24 12,100 22
Lithuania 36 23 12,400 21
Luxembourg - 28 - 28
Malta 8 27 18,600 14
Netherlands 655 6 38,900 4
Poland 413 8 10,700 23
Portugal 173 15 16,600 16
Romania 150 17 7,500 26
Slovakia 75 19 13,900 20
Slovenia 37 22 18,100 15
Spain 1,058 5 22,800 12
Sweden 429 7 44,300 2
United Kingdom 2,222 2 34,400 9

The heterogeneity characterizing European Union countries also extends to the energy prices that

private households face. In many countries, electricity is considerably more expensive than, to natural
gas. This impacts the competitiveness of electric and electric storage heaters. Therefore, the following
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tables present electricity and natural gas prices across the EU-28 countries. Moreover, the influence of

Value

total rank basic rank VAT rank other rank
price price taxes
and
levies
Austria 0.071 10 0.052 9 0.012 7 0.007 6
Belgium 0.062 13 0.048 12 0.011 10 0.004 13
Bulgaria 0.039 22 0.033 21 0.007 22 0.000 18
Croatia 0.046 20 0.037 19 0.009 14 0.000 19
Czech Republic 0.058 15 0.048 11 0.010 12 0.000 20
Denmark 0.076 6 0.033 22 0.015 4 0.029 2
Estonia 0.038 23 0.029 23 0.006 23 0.003 14
Finland - - - - - - - -
France 0.073 8 0.058 8 0.010 11 0.005 10
Germany 0.068 11 0.051 10 0.011 9 0.006 8
Greece 0.075 7 0.061 5 0.009 16 0.006 9
Hungary 0.035 24 0.028 24 0.008 20 0.000 21
Ireland 0.072 0.060 6 0.009 15 0.004 12
Italia 0.091 4 0.058 7 0.015 5 0.017 4
Latvia 0.049 18 0.038 18 0.008 17 0.002 17
Lithuania 0.044 21 0.036 20 0.008 19 0.000 22
Luxembourg 0.048 19 0.041 15 0.004 24 0.003 15
Netherlands 0.077 5 0.043 14 0.013 6 0.020 3
Poland 0.050 16 0.041 17 0.009 13 0.000 23
Portugal 0.098 2 0.076 1 0.018 2 0.004 11
Romania 0.034 25 0.018 25 0.007 21 0.010 5
Slovakia 0.050 17 0.041 16 0.008 18 0.000 24
Slovenia 0.061 14 0.044 13 0.011 8 0.006 7
Spain 0.093 3 0.075 2 0.016 3 0.002 16
Sweden 0.117 1 0.065 0.024 1 0.029 1
United Kingdom 0.067 12 0.064 4 0.003 25 0.000 25

Table 3 indicates the average price for natural gas in the residential sector in the year 2015. Information
is available for all EU-28 countries with the exception of Finland, Cyprus, and Malta. Overall, the lowest
price was charged in Romania with 0.034 Euro per kilowatt hour, while the highest price was charged in

Sweden with 0.117 Euro per Kilowatt hour. In the countries focussed on in the RealValue project, the
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average price in the residential sector was between 0.049 Euro per Kilowatt hour in Latvia and 0.072

Value

Euro per Kilowatt hour in Ireland. In Germany, the average price in the residential sector was 0.068 Euro
per Kilowatt hour.

gross price | rank production | rank network rank | taxes rank
costs costs and
levies

Austria 0.198 9 0.065 12 0.059 8 0.074 5
Belgium 0.235 6 0.083 8 0.101 1 0.051 12
Bulgaria 0.096 28 0.058 15 0.022 27 0.016 26
Croatia 0.131 22 0.058 16 0.043 22 0.031 22
Cyprus 0.184 11 0.109 4 0.038 24 0.038 19
Czech Republic 0.129 23 0.038 28 0.068 6 0.024 25
Denmark 0.304 1 0.038 27 0.056 10 0.210 1
Estonia 0.129 24 0.043 24 0.052 16 0.034 20
Finland 0.153 18 0.053 20 0.048 20 0.052 11
France 0.168 15 0.060 14 0.051 18 0.057 8
Germany 0.295 2 0.074 9 0.069 5 0.152 2
Greece 0.177 13 0.095 7 0.028 26 0.054 10
Hungary 0.115 27 0.048 22 0.042 23 0.024 24
Ireland 0.245 0.133 3 0.066 7 0.046 15
Italy 0.243 4 0.096 6 0.052 17 0.095 4
Latvia 0.165 16 0.053 19 0.057 9 0.055

Lithuania 0.124 26 0.052 21 0.035 25 0.038 18
Luxembourg 0.177 14 0.062 13 0.071 4 0.044 16
Malta 0.127 25 0.099 5 0.022 28 0.006 28
Netherlands 0.183 12 0.069 10 0.054 13 0.061 7
Poland 0.142 20 0.055 18 0.055 12 0.031 21
Portugal 0.229 7 0.068 11 0.047 21 0.113 3
Romania 0.132 21 0.042 25 0.052 15 0.038 17
Slovakia 0.152 19 0.048 23 0.075 3 0.029 23
Slovenia 0.163 17 0.057 17 0.055 11 0.051 14
Spain 0.237 5 0.134 2 0.052 14 0.051 13
Sweden 0.187 10 0.041 26 0.079 2 0.067 6
United Kingdom 0.218 8 0.158 1 0.050 19 0.010 27
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The difference between the first and the third column of Table 3 is the amount of taxes and levies that
are applied to the basic price. In Latvia, taxes and levies account are about 0.011 Euro per Kilowatt
hour, while in Ireland they are about the same with 0.012 Euro per Kilowatt hour. In Germany, the
difference between the gross and the net price is on the order of 0.017 Euro per Kilowatt hour, about
40% higher than in Latvia or Ireland. Sweden charges the highest taxes and levies with a total of 0.053
Euro per Kilowatt hour.

Table 4 contrasts the natural gas prices from Table 3 with those for electricity. The lowest electricity
price for residential consumers in the EU-28 was observed in Bulgaria at 0.096 Euro per Kilowatt hour.
With 0.304 Euro per Kilowatt hour, the highest electricity price observed was in Denmark. Column 3
indicates the production costs. With costs on the order of 0.038 Euro per kilowatt hour, the production is
cheaper in Denmark than it is in Bulgaria (0.058 Euro per kilowatt hour). Altogether, production costs are
not a dominant factor with respect to the gross prices that residential customers have to pay as it
constitutes in average 40.5% of the total price, ranging from 12.6% (Denmark) to 77.9% (Malta).

In the countries that are focussed on in the RealValue project, German residents face the highest
electricity prices with 0.295 Euro per Kilowatt hour. Irish households pay on average 0.245 Euro per
Kilowatt hour. Prices in Finland and Latvia are considerably lower with 0.153 and 0.165 Euro per
Kilowatt hour. After comparing natural gas prices, in Germany a kilowatt hour of electricity is about 4.3
times more expensive than natural gas (0.295 / 0.068 = 4.3). In Ireland and Latvia electricity is about 3.4
times more expensive than gas. This puts electric and electric storage heaters at a disadvantage
compared to other forms of heating. However, Tables 3 and 4 provide information on average electricity
and gas prices. Residential customers might be offered time-of-use prices or real time prices. Smart
electric thermal storage heaters would consume electricity when it is cheapest, so that the actual ratio of
gas to electricity prices might be lower than the comparison of average prices indicates.

3.1. References

Eurostat (2016a) Population and population change statistics: tables and figures,
http://ec.europa.eu/eurostat/statistics-
explained/index.php/Population _and population _change_statistics, Eurostat, Luxembourg.

Eurostat (2016b) National accounts: tables and figures, http://ec.europa.eu/eurostat/statistics-
explained/index.php/National _accounts _and GDP, Eurostat, Luxembourg.

Eurostat (2016c) Natural gas price statistics tables and graphs, http://ec.europa.eu/eurostat/statistics-
explained/index.php/Natural gas price statistics, Eurostat, Luxembourg.

Eurostat (2016d) Eurostat, Electricity price statistics, Disaggregated price data for household
consumers, Eurostat, Luxembourg.
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In the following, population, household, and housing stock trends in Germany are presented. The
analysis illustrates the historical development and the current situation before turning to official
projections. The chapter also comments on the cascading structure of the projections. General
assumptions regarding fertility, life expectancy, and net migration shape the population trends, which are
the basis for the projections of the number of households that, in turn, determine the number of occupied
dwellings. Depending on the projection, the future level of the German population is estimated
somewhere between 60 and 85 million individuals. Focussing only on the scenarios deemed realistic,
the range tightens to 70 to 81 million. Thus, there is considerable uncertainty that translates into
uncertainty regarding the number of households, and the future building stock.

The case study on Germany also compiles information on the number and the average size of German
households. Household size projections indicate a linear decline from an average size of about 2
persons per household to slightly less than 1.9 persons in 2030.

While there are official projections on the population size and the number of households, there are no
official projections regarding the efficiency of the building stock. However, there is historical information
on the genesis of the current regulation. Efficiency regulation goes back to the 1950s in Germany, when
newly constructed residential buildings were limited to an annual energy consumption of 300 kilowatt
hours per square meter. The most recent regulation, ENEV 2015, sets the upper limit to 50 kilowatt
hours per square meter.

In addition to the number of households and the heating demand that is heavily informed by efficiency
standards, the market potential for SETS depends on the share of households that use electricity for
heating. In Germany, this share is rather low. Moreover, households that use electricity for heating often
do so in the form of heat-pumps. This may limit the market potential of SETS.

4.1. Population trends

Figure 1 provides information regarding German population trends from 1950 through 2014, the last year
for which information is available. In order to be consistent in comparison to the other country profiles
included in this report, the total German population is presented irrespective of whether individuals lived
in West or East Germany. In total, the German population increased from about 69.3 million in 1950 to
approximately 81.2 million in the year 2014. The increase in total population is driven by the increase in
Western Germany, whereas in East Germany there was a decline from 18.4 million in 1950 to 16.0
million in 2014.

The most recent and first determination of the population size in reunified Germany was the census in
2011, which was conducted across every member state of the European Union. Before the 2011 census,
the population was estimated on the basis of the 1987 census in West Germany and the one conducted
in 1981 in East Germany. For the years between the censuses, the population level is estimated. Thus,
there is significant uncertainty with regard to the number of individuals living in Germany. Therefore, it
was not surprising that the actual population count from 2011 fell short by 1.5 million individuals
compared to the estimated values (Statistisches Bundesamt 2016a).

Figure 1 shows that the German population increased significantly between the 1950s and the 1970s.
During this time, German governments actively recruited foreign workers, predominantly from lItaly,
Spain, Greece, Turkey, Morocco, and Tunisia. Another significant increase in population size occurred
during the 1990s when emigrants of German descent returned from Eastern Europe, Russia, and
Kazakhstan. At the same time, refugees from Yugoslavia increased the population size. Actual numbers
for the present immigration, especially from Syria, are unavailable. There are also periods of time in
which the population was stable, for example, between the early 1970s and the late 1980s or between
2000 and 2014.
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In addition to the historical development, the German Federal Statistical Office provides for population
projections. These take into account 1) the number of births per capita, 2) the level of immigration, 3) the
level of emigration, and 4) life expectancy. The most commonly referred to scenario is G1-L1-W1
characterized by a birth rate on the order of 1.4 children per female (G1=birth rate scenario 1), an
average life expectancy of 88.8 years for females born in 2060, and a life expectancy of 84.8 years for
males born in 2060 (L1 = life expectancy scenario 1). In addition, the scenario assumes a net
immigration (W1 = net immigration scenario 1) of 100,000 individuals per year (Statistisches Bundesamt
2016). Given this set of assumptions, scenario G1-L1-W1 estimates a population size of 81.4 million in
2020, 79.2 million in 2030, and approximately 76.0 million in 2040. Compared to 2014, this equals a
decrease on the order of 5.2 million or about 6.4% until 2040.

A second scenario (G1-L1-W2) provided by Statistisches Bundesamt (2016) assumes a net annual
immigration of 200,000 individuals while otherwise being identical to scenario G1-L1-W1. The change in
the net immigration has a considerable impact on the projection results. According to this scenario, the
total population size is approximately 78.9 million in 2040, about 2.9 million more individuals compared
to scenario G1-L1-W1 that assumes a smaller net immigration. However, doubling the net annual
immigration to 200,000 individuals still results in a population decline compared to 2014. A third scenario
(G1-L2-W1) makes identical assumptions compared to G1-L1-W1, with the exception of a higher life
expectancy for males and females. Increasing the average life expectancy for females from 88.8 to 90.4
years and for males from 84.8 to 86.7 years slightly increases the population compared to the outcome
of scenario G1-L1-W1.

Table 5 compares the scenarios in a reader-friendly manner. Statistisches Bundesamt (2016b) provides
for a battery of scenarios, most of which are variations of likely characterizations of the expected birth
rate, the life expectancy, or the net immigration. However, realizing that the net immigration is the least
predictable amongst the determinants informing population projections, official projections include
scenarios revolving around assumptions of net immigration that deviate from the observed long-term net
immigration. There is also a scenario which assumes a birth rate on the order of 2.1 children per female
which exceeds the observed birth rate by approximately 50%.
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Scenarios 9 through 11 indicated in Table 5 are considered less likely scenarios. For example, Scenario
9 assumes a net immigration on the order of O for all the years in the projection period. Without net
immigration, the level of the population remains constant only if the birth rate per female is approximately
2.4 children. The assumed and currently observed birth rate on the order of 1.4 children per female
indicates declines in the projected population. Thus, scenario 9 leads to the lowest projected population
level.

Scenario Abbrev. | Birth rate | Net immigration Life expectancy Population size
for 2060 cohort in millions
Females Males | 2020 | 2030 | 2040
1 G1-L1-w1 1.4 100,000 88.8 848 | 814 | 79.2| 76.0
2 G1-L1-W2 1.4 200,000 88.8 84.8| 82.0| 809 | 789
3 G1l-L2-W1 1.4 100,000 90.4 86.7| 815| 79.6| 76.8
4 G1-L2-W2 1.4 200,000 90.4 86.7| 82.0| 81.3| 79.7
5 G2-L1-W1 1.6 100,000 88.8 848 | 816 | 80.2| 77.6
6 G2-L1-W2 1.6 200,000 88.8 84.8| 822 | 819| 80.6
7 G2-L2-W1 1.6 100,000 90.4 86.7| 81.7| 80.6| 78.4
8 G2-L2-W2 1.6 200,000 90.4 86.7| 823| 823| 814
9 WO 14 0 88.8 84.8| 79.0| 755| 71.0
10 W3 1.4 300,000 88.8 84.8| 81.7| 81.7| 80.9
11 GR2.1 2.1 100,000 88.8 84.8| 83.7| 845 | 84.2

Scenario 11 assumes a birth rate (2.1 children per female) that is close to the birth rate associated with a
stable population level (2.4 children per female). With a net immigration on the order of 100,000
individuals per year, the expected population level in the year 2040 is slightly higher than it is now.

Figure 2 provides for a graphical representation of the scenarios. For 2040, the range for the likely
scenarios is between 76.0 and 81.5 million, while the scenarios deemed unlikely may be as high as 84
million and as low as 71 million. For the year 2060, the range of likely scenarios is between 67.6 and
78.6 million, while the scenarios deemed unlikely may be as high as 85.9 and as low as 60.2 million.
Thus, there is significant uncertainty in the size of the population which, of course, translates into
uncertainty regarding the expected future energy consumption of the residential sector.

Figure 3 indicates changes in the geographical distribution of the population in Germany comparing
1990 to 2012 in the left panel and 2012 to 2035 in the right panel. The map is available for download
from the Bundesinstitut fir Bau-, Stadt- und Raumforschung (BBSR) website. An English legend for
Figure 3Error! Not a valid bookmark self-reference.Figure 3 provided by BBSR (2015) is a rainbow
colored map. These provide graphical information by indicating the level of a given variable using a color
code. Please note that, for example, the range in hue and saturation across the blue colored categories
is rather small compared to the range indicating the relative change in the population.

At the same time, there is a considerable difference in hue and saturation comparing the light blue
category indicating changes between -9% and -3% and the yellow category indicating changes between
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-3% and +3%. The perceived difference in the projected values is therefore greater when colors change
from blue to yellow when in truth the variation is larger within the blue color coded regions. The same is
true for the change in color between the yellow and the red category. Please also note that there are
more blue than red hued categories. In addition, the dark blue category indicates changes of and in
excess of -15%. The red category, however, indicates changes of more than +9%. Nevertheless, the
map provided by BBSR (2015) remains a useful tool for analysis.

Figure 3 is provided by Figure 4. One purpose of the geographical analysis provided by BBSR (2015) is
to approximate the infrastructure demands, including the demand for gas distribution networks. In rapidly
depopulating areas, the per-capita cost of maintaining infrastructure increases and may render the
distribution of natural gas increasingly expensive. There are areas in East Germany where gas
distribution networks have been shrunk to cut costs. Such developments might favor using electricity as
a heat source.
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Figure 3 also indicates that the change in the population is not uniform across Germany. For example,
between 1990 and 2012, the population in East Germany decreased markedly, with the exception of the
area around Berlin. At the same time, and with few exceptions, nearly all parts of West Germany
experienced population increases.

Between 2012 and 2035, East Germany will probably face further population declines between 9% and
15%. In West Germany, many areas that experienced population increases between 1990 and 2012 are
likely to experience population declines when comparing the projections for 2035 to those for the year
2012.Increases are expected to concentrate in and around Berlin, around Munich, and around Hamburg.
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Error! Not a valid bookmark self-reference.Figure 3 provided by BBSR (2015) is a rainbow colored
map. These provide graphical information by indicating the level of a given variable using a color code.
Please note that, for example, the range in hue and saturation across the blue colored categories is
rather small compared to the range indicating the relative change in the population.

At the same time, there is a considerable difference in hue and saturation comparing the light blue
category indicating changes between -9% and -3% and the yellow category indicating changes between
-3% and +3%. The perceived difference in the projected values is therefore greater when colors change
from blue to yellow when in truth the variation is larger within the blue color coded regions. The same is
true for the change in color between the yellow and the red category. Please also note that there are
more blue than red hued categories. In addition, the dark blue category indicates changes of and in
excess of -15%. The red category, however, indicates changes of more than +9%. Nevertheless, the
map provided by BBSR (2015) remains a useful tool for analysis.

Figure 3: Relative change in population by geographical area (BBSR 2015)
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Readers interested in learning more about potentially misleading color codes are referred to the website

Climate Lab Book (2015), especially to the article °~  WhybyEdai nb
Hawkins. Another excellent example of potentially misleading rainbow colored graphs is available in the
form of the online article ° " vHitewbytRbbert Kosara 2tl®w c ol or

4.2. Household trends

While the majority of the presented population projections indicate a declining population, there is a high
probability that there will be more and smaller households in the future. In Germany, the Federal
Statistical Office (Statistisches Bundesamt) provides official statistics on household trends. Just as in the
case of the population, households are not regularly counted. Instead, Germany draws samples on the
order of 1% of the population every 4 years to derive population and household numbers. While this
micro census provides for a considerable number of observations, there is a margin of error common to
all statistical procedures. Unsurprisingly, there were significant differences between the number of
estimated households and the actual number of households counted during the 2011 census.

Often times, individuals are sampled from phone books. These, however, only list numbers from landline
phone connections. While historically nearly every household had a landline telephone connection, this
has changed. Many households, especially small ones, communicate solely by mobile phone and do not
have a landline. Thus, such sampling strategies are systematically biased in favor of those with
landlines. In addition, households changing their place of residence might also cause sampling issues.

In Figure 5 the projected number of households between 2009 and 2030 is shown. The number of
households with few household members is expected to increase, while the number of households of
larger size will probably decrease. For example, the number of single-person households is expected to
increase from about 16.0 million in 2009 to around 17.8 million in 2030, an increase on the order of
11.3%. Two-person households also increase in number, going from 13.7 in 2009 to 15.5 million in 2030,
an increase of 13.1%. This contrasts with decreases in 3 person, 4 person, and larger households,
which are expected to decline from 5.1, 3.9, and 1.4 million to 3.8, 2.9, and 1.0 million, respectively.
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According to this projection, about 17.8 million individuals live in single-person households in the year
2030. At the same time about 31 million individuals will live in two-person households and 11.4 million
individuals are expected to live in three-person households. Although there are 0.9 million fewer 4-
person households compared to 3-person households, the number of individuals in 4-person households
(11.6 million) will most likely exceed the number of individuals in 3-person households.

On the right vertical axis, Figure 5 indicates the average size of households over time. The average size
condenses the information on the number of households by household size into a single number.
Because the increase in the number of small households outweighs the decrease in the number of larger
households, the average household size declines over the period from 2009 to 2030 from 2.04
individuals per households to approximately 1.88, or by about 8.5%.

4.3. Housing stock

In Germany, the official population projection informs the projection of the number of households, which
in turn is used as input in the housing stock projections. According to Statistische Amter des Bundes und
der Lander (2015, p. 5), about 41.3 million dwellings in 19.1 million buildings were counted during the
2011 census. Of the 41.3 million dwellings, 23 million are rented out.
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The majority of buildings consist of detached houses (62.5%). Semi-detached houses account for
15.0%, while 19.6% are terraced houses (Statistische Amter des Bundes und der Lander 2015). Most
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buildings were built after 1949, especially during the 1950s and 1960s. Figure 6 indicates buildings and
dwellings by age cohort. The average age of buildings is higher in East Germany than West Germany.
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Although the average dwelling size is expected to increase in West Germany as well as in East
Germany, the expected average dwelling size in East Germany in 2030 will remain below the average
size in West Germany in the year 2015. In fact, it is expected that the increase in West Germany will be
higher in magnitude. Therefore, regional differences can be expected to be larger in 2030 than in 2015.

With respect to future building activity, BBSR (2016b) offers some insight into the official projection of
future building activity. Turning to Figure 8, the number of projected new buildings declines between
2015 and 2030, reflecting the decrease in the overall population. Newer buildings have to adhere to the
stricter building standards indicated in the next section. Thus, the fewer new buildings are constructed,
the less impact energy efficiency standards will have on the future building stock. In total, new buildings
contribute less to changes in the building stock by the year.

In addition to the number of occupied dwellings, the age of the dwelling, and the building activity, the
size of the individual dwellings is an important determinant of energy consumption. Information provided
by the German Federal Statistical Office (Statistisches Bundesamt 2012) indicates that single-family
homes have increased in size over the last decades, while the average size per person has declined
(see Table 6). Comparing Table 6 with the long-term trend in average floor size per capita indicated in
Figure 7, seems to indicate a contradiction. On the one hand, there has been a decline in floor area per
capita while the projections by BBSR (2016b) indicate a different trend.

Year Number of Total floor area (in Avg. size per Avg. size per
dwellings (in 1,000) 10,000 m?) dwelling(in m2) person (in m?)

until

1918 1,468 17,671 120.4 51.8
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184118 N 1,465 16,918 115.4 50.3
t109159078 3,979 50,304 126.4 55.2
iggg © 1,194 16,433 137.6 55.4
1883 to 380 5,153 135.5 47.8
%ggé ° 1,149 16,034 139.5 45.4
388}1 © 521 7,376 141.7 43.7
gggg © 408 5,783 141.9 45.8
Zi(;]gge 79 1,102 139.7 48.5
total 10,643 136,772 128.5 51.3

For example, the German housing stock presently comprises about 1.5 million single-family houses built
before 1919. With a total floor area on the order of 176.7 million square meters, the average dwelling
has a floor area of 120.4 square meters or about 51.8 square meters per person. The single-family
homes built between 2001 and 2004 have a total floor area of approximately 73.7 million square meters,
so that the average dwelling has 141.7 square meters, and is, thus, about 17.7% larger than the average
single-family house built before 1919. Although the building has a larger floor area, each person has on
average about 3 square meters less space. Consequently, the age and the efficiency of the building
seem correlated. Thus, when analysing the heating energy demand of households it has to be
accounted for that households residing in older dwellings consume more energy because of a lower
efficiency and a larger floor area.

Information regarding size and average floor area per person for buildings with 2 dwellings is provided in
Table 7. The information provided by the German Federal Statistical Office (Statistisches Bundesamt
2012) indicates that dwellings in buildings with two dwellings increased from about 97.1 square meters
before 1919 to about 107.3 square meters of floor area in the period between 1979 and 1986.

Year Number of Total floor area Avg. size per Avg. size per person (in
dwellings (in 10,000 m?) dwelling (in m?) m?2)
(in 1,000)
until
1918 1,211 11,754 97.1 47.6
1919 to
1949 1,024 9,340 91.2 46.3
1950
t01978 2,989 29,015 97.1 48.3
1979 to
1986 638 6,852 107.3 51.6
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1987 to

1990 136 1,425 105.2 49.6
1991 to

2000 400 4,190 104.8 46.3
2001 to

2004 120 1,281 107.1 46.5
2005 to

2008 78 816 105 45.3
since

2009 16 149 93.8 47.9
total 6,610 64,821 98.1 48.0

The average dwelling size remained fairly constant until 2008, before it declined from approximately 105
to around 93.8 square meters, a decrease of about -10.7%. For single-family homes, the average size
per person remained fairly constant. With an average size of 93.8 square meters for the buildings
constructed since 2009, the average size of the individual dwellings is smaller than single-family houses
from the same time period at 139.7 square meters.

The available information indicates that in apartment buildings with 3 to 6 apartments the average size of
the dwelling is about 76.6 square meters. In apartments with 7 to 12 dwellings, the average size is about
76.3 square meters, while in apartment buildings with more dwellings the average size is 67.2 square
meters.

In addition to variations in the size of the average dwelling, the energy efficiency in terms of expected
energy consumption per square meter has changed over time. Newer buildings are usually more energy
efficient than older buildings. Therefore, increases in size may be offset by reduction in the amount of
energy needed to heat the dwelling.

4.4. Ownership Structure

Ownership is another important indicator relevant for the energy demand. Jaffe and Stavins (1994),
among many others, discuss the principal-agent problems arising in the residential sector. The shares of
owners and renters are not uniformly distributed across Germany. For example, in densely populated
urban areas, the share of renters is higher compared to rural areas. Moreover, in densely populated
urban areas, most owners possess flats whereas in rural areas, most owners possess and inhabit
houses. According to BBSR (2015), about 74% of households are renters in large cities, 46% are renters
in urban areas, and about 44% are renters in rural areas.

The ownership structure has significant impact on the rate at which buildings are retrofitted. From the
perspective of the landlord, retrofits only make sense if the cost of the retrofits can be passed on to the
renters. This cost-pass through depends on the overall supply of dwellings and the demand for renting.
In rural areas, especially in East Germany, many dwellings are unoccupied. As a consequence of the
low rents, the incentives to retrofit are also low. Furthermore, some areas characterized by a high
number of unoccupied dwellings are expected to experience a reduction in the overall population. For
these areas, the incentive to invest into the housing stock is even lower.

In addition, there is a landlord-tenant dilemma that is characterized by the fact that the one who makes
the decision and has the obligation to pay for the retrofit does not necessarily reap the benefits in terms
of higher quality of living and lower energy cost in the form of higher rents. This problem not only exists
in relationships between landlord and tenant, but also between landlords owning apartments. In
apartment buildings, retrofits have to be coordinated between the landlords. Those who live in their own
apartments reap the benefits of retrofits, while those who rent out may not. Furthermore, renters are
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reluctant to retrofit because the landlord reaps benefits in terms of potentially higher property values
without participating in the cost. Renters may also be forced to move out in case that the landlord
requires the dwelling for himself.

Ownership not only plays an important role with respect to retrofits, it is also a determinant of the
average dwelling size in square meters per capita. Figure 7 indicates that owners tend to live in larger
dwellings than renters. This is true for both East and West Germany. However, the renters in West
Germany, on average, live in larger dwellings than East German owners. Moreover, the average
dwelling size per capita is expected to increase along a linear trend until 2030. This may be because the
average household size is expected to decline while the housing stock is largely fixed.

Information on the ownership structure of the housing stock is available from Statistisches Bundesamt
(2016b). Table 8 indicates the share of households that either own land, apartments, or buildings.
Overall, about 47.5% of households owned real estate in 2013. Compared to available information for
previous years, the ownership status is rather stable.

For example, 28.6% of households owned single-family homes, 12.8% owned apartments, while 6.8% of
households owned semi-detached houses in the year 2003. In comparison, the share of households that
owned entire apartment buildings is rather small at about 2.7%.

The German Federal Statistical Office also provides information on the estate ownership by
geographical location. Table 8, for example, indicates that the ownership rates are considerably higher in
West Germany than East Germany. While about 50.3% of West German households owned estate
property, the share for East Germany was 37.2%, nearly 13 percentage points lower. This difference can
again be broken down by the property type.

Germany
2003 2008 2013
number of households 37,931 39,077 40,032
households with real property (in %) 48.8 48.0 47.5
undeveloped land (in %) 5.9 4.6 3.9
single-family homes (in %) 28.6 28.9 30.1
semi-detached house (in %) 6.8 5.2 5.3
apartment building (in %) 2.7 2.1 2.0
apartment (in %) 12.8 13.3 13.8
other (in %) 3.6 3.3 3.0
West Germany
number of households 30861 31770 31440
households with real property (in %) 51.1 50.1 50.3
undeveloped land (in %) 6.0 4.6 4.1
single-family homes (in %) 29.8 29.9 31.7
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semi-detached house (in %) 7.3 5.7 5.9
apartment building (in %) 2.9 2.3 2.2
apartment (in %) 14.6 15.2 15.8
other (in %) 2.7 2.5 2.3
East Germany
number of households 7070 7306 8592
households with real property (in %) 39.2 39.0 37.2
undeveloped land (in %) 5.6 4.2 3.5
single-family homes (in %) 23.9 24.4 24.3
semi-detached house (in %) 4.3 3.3 3.4
apartment building (in %) 1.4 1.3 1.2
apartment (in %) 4.5 4.7 6.2
other (in %) 7.4 6.5 5.5

For example, in West Germany, about 31.7% of all households owned single-family homes while in the
East only 24.3% did. Altogether, single-family homes account for about 31.7/50.3 = 63% of all privately
owned estate property in the West. In the East, the share is roughly the same. In the West, apartments
account for an additional 31% of all estate property. In the East, this share is only 6.2/37.2= 16.7%.
Altogether, the information presented here indicates that there are significant differences in the
ownership of estate property by geographical region in Germany.

4.5. Energy efficiency

The first regulations regarding energy efficiency in Germany date back to the 1950s. To mitigate the
effects of the first oil crisis in 1976 and to reduce the dependence of the German economy on energy
imports, the German parliament passed a battery of laws. Among those laws was the Gesetz zur
Einsparung von Energie in Gebauden (1976) which authorized the government to regulate energy use
for heating and cooling buildings. Acting upon this authorization in 1977, the government enacted
regulations that set energy standards for new buildings. Since then, building standards have been

tightened on a regular basis.

Regulation Enacted Heating Thermal transmittance in W/(m2K)
demand
kWh / m2a Windows Walls Roof Cellar
DIN 4108 1952 170-300 5.2 1.56 1.46 1.01
DIN 4108 1969 170-300 5.2 1.56 1.10 1.01
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WSVO 1977 150-250 35 1.06 0.45 0.80
WSVO 1982 130-180 31 0.60 0.45 0.70
WSVO 1994 54-100 1.8 0.50 0.30 0.50
EnEV 2001 30-100 1.4 0.45 0.30 0.40
EnEV 2004 30-100 14 0.45 0.30 0.40
EnEV 2007 30-100 1.4 0.35 0.30 0.40
EnEV 2009 30-60 1.3 0.24 0.24 0.30
EnEV 2014 25-50 1.3 0.20 0.20 0.25
DIN = Deutsche Industrie Norm; WSVO = Warmeschutzverordnung; EnEV = Energiesparverordnung

The regulations target the annual heating demand in kilowatt per square meter (kWh/mz2) and the thermal
transmittance. Thermal transmittance measures how heat transfers through a structure with different
temperatures on either side. It is measured in terms of watts per meters squared and temperature
difference in units of Kelvin W/(m2K). The higher the thermal transmittance, the faster heat is transferred.

Table 9 indicates the efficiency regulations enacted in Germany. Before 1990, the regulations are for
West Germany. Since 1990, the regulations apply to all of Germany. For example, in 1952 the heating
demand for new buildings was set to 300 kWh per m2 and per year. In 1977, this upper limit was lowered
to 250 kWh per mz2, a reduction on the order of 16.7% compared to 1952. In 2001, the upper limit was
lowered to 100 kWh per m2. The latest regulation limits energy consumption to 50 kWh/m2 or about
16.7% of the upper bound set in 1952. Altogether, the annual average reduction in the upper limit in the
62 years between 1952 and 2014 was 2.9% per year.

Mandatory reductions in the heating demand have gone hand in hand with reductions in the thermal
transmittance allowed for new buildings. The maximally allowed thermal transmittance of windows was
reduced from 5.2 in 1952 to 1.3 in 2014, a 75% reduction. Over the same time period, the thermal
transmittance for walls was reduced by 87.1%, for roofs the reduction was 83.6%, and for cellars it was
75.2%. In addition, older buildings undergoing retrofits might also be affected by the regulation
depending upon the extent of the retrofit and the feasibility to achieve higher efficiency standards. To the
knowledge of the author, no official projections of future efficiency standards are available. Further,
codified efficiency regulations make no reference to any future tightening of regulations.

4.6. Heating technologies in the residential sector

The residential heating demand is also informed by the heating technology that is used to produce heat.
In Germany, a wide range of technologies are used. In 2015, a comprehensive household survey was
conducted on behalf of BDEW (2015) with the aim of gaining insight into which heating technologies are
used in the residential sector. The study differentiates between buildings and dwellings.

Table 10 indicates the findings of BDEW (2015) with respect to the type of heating used in buildings and
dwellings. For example, the share of buildings heated with central heating is 0.784 or 78.4%. It is
important to note that BDEW (2015) does not count district heating as a form of central heating. In more
than 50% of the cases in which buildings have a central heating (0.405/ 0.784 = 0.517), the central
heating burns natural gas. At about 37% (0.289/0.784 = 0.369), oil is the second most used central
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heating fuel. Wood or pellets are used in 2.8% of the cases (0.022/0.784 = 0.028). The share of electric
heat pumps used for central heating systems is about the same compared to wood and pellets.

Compared to the share of central heating systems, the shares of self-contained central heating systems,
district heating, and individual heating solutions are small. Self-contained central heating systems
provide heat to a single dwelling or a single floor and are installed in about 6.4% of all residential
buildings, while district heating is available in 5.2% of all residential buildings. About 5.1% of all
households rely on individual heating, while1.8% contributed by electric heaters or electric storage

heaters. Thus, electric heating is a niche solution presently.

Information regarding the fuels burnt in individual heating solutions is also provided by BDEW (2015).
For example, in about 35% (0.018/0.051 = 0.353) of individual heating solutions exist in the form of
electric heating or electric storage heating. The second largest share of individual heating solutions with
approximately 17.6% (0.009/0.051=0.176) is wood or pellets made from wood. In about 4.5% of
buildings, other heating equipment is used. This category comprises, for example, solar thermal heating.

When focusing on dwellings instead of buildings, the shares are generally different. In particular, the
share of district heating is considerably higher when focusing on dwellings. About 5.2% of all buildings
are connected to district heating networks, while this is true for around 13.5% of all dwellings. The
reason for this disparity is that district heating networks are usually limited to densely populated areas
which are often characterized by apartment buildings that are not as widely distributed in suburban or
rural areas. Nevertheless, central heating systems also comprise the largest share of heating devices

when analyzing dwellings.

Type of heating Buildings Dwellings
Central heating 78.4 70.4
natural gas 40.5 36.1
oil 28.9 26.2
wood or pellets 2.2 2.0
electric heat pump 2.2 2.1
other 4.6 4.0
Self-contained central heating (natural gas) 6.4 9.8
District heating 5.2 13.5
Individual heating 51 6.1
electric heating / storage heating 1.8 2.0
wood or pellets 0.9 1.1
natural gas 0.8 1.1
other 1.6 1.9
Other heating system 45 0.2
Not specified 0.4 -
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DBEW (2015) also inquired about the age of the heating, the results of which are presented in Table 11.
The age of the heating system was analysed for all dwellings and for two separate types of buildings: 1)
detached / semi-detached houses, 2) apartment buildings. About 15% of heating devices were installed
between 2010 and 2014. The share was slightly higher in apartment buildings than either detached or
semi-detached houses.

The largest disparity between the two building types analysed occurs for the category indicating that the
heating system had last been changed before 1990. This was the case for about 16% of detached and
semi-detached houses, while the heating system dates back to before 1990 in around 26% of apartment
buildings. BDEW (2015) estimates that the average age of heating systems in the German residential
sector is about 16.6 years. In apartment buildings, the average age is about 20.1 years.

According to BDEW (2015), the change in heating equipment usually goes hand in hand with a switch in
fuel. In-depth information regarding the fuel switch is available for the heating systems installed between
2000 and 2014. About 80% of the dwellings for which the heating system was changed switched from
heating oil to natural gas.

BDEW estimates that between 2000 and 2014 approximately 1.06 million dwellings switched from oil to
gas. About 174,000 dwellings switched from electric heaters or electric storage heaters to natural gas.
Altogether, there was a considerable increase in the number of dwellings using natural gas for heating.
There was also a net increase in the number of dwellings supplied by district heating. The number of
dwellings depending on electric heating decreased.

in apartment

Dwellings in (semi-) detached houses buildings

2010-2014 0.15 0.14 0.16
2005-2009 0.16 0.17 0.10
2000-2004 0.18 0.18 0.17
1995-1999 0.18 0.19 0.14
1990-1994 0.15 0.15 0.13
before 1990 0.17 0.16 0.26
not specified 0.02 0.02 0.03
Average age 16.6 15.9 20.1

4.7. Heating demand of the German residential sector

In recent years, the German Ministry for Economics and Energy has commissioned several
comprehensive studies on the energy consumption of private households by fuel type (see, for example
RW]/forsa 2015) because the German Federal Statistical Office does not gather this kind of information.
The report by RWI/forsa (2015) was intended to (1) provide information on the average energy
consumption of private households by fuel type and (2) project the energy demand of the entire
residential sector. It is the only sizable study for Germany that comprises information on the demand for
heating oil, natural gas, liquefied natural gas, district heating, hard coal, lignite, fire wood, and solar
thermal heating. Altogether, this study is based upon a gross sample of 15,000 households of which
about 57% or approximately 8,500 households participated in the survey.
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Altogether, the study reveals considerable uncertainty in the estimates of the average fuel consumption.
For example, the study finds that the average single person households consumed about 1,960 kilowatt
hours of electricity in 2013. The estimate of the mean has a standard deviation of about 47 kilowatt
hours. In comparison, households with more than 4 members consumed about 5,980 kilowatt hours with
a standard deviation of 280 kilowatt hours. While households are able to report their electricity or natural
gas consumption in the form of meter readings, this is not the case for other fuels for which households
have to estimate their consumption levels. This increases the uncertainty, especially with regard to fuel
often times used in support of the main heating, for example fire wood. Further, the uncertainty of the
estimates of the average fuel consumption of the individual household increases the fewer observations
are available.

RW]/forsa (2015) finds that the average household in 2012 depending on a heat-pump as a primary
heating source generated about 18,400 kilowatt hours of heat with a standard deviation of 2,250 kilowatt
hours (RWI/forsa 2015, p. 59). This is equivalent of about 122.9 kilowatt hours per square meter with a
standard deviation of about 20 kilowatt hours. At the same time, it was estimated that households who
generated heat by burning wood pellets on average consumed 13,800 kilowatt hours of pellets with a
standard deviation of 935 kilowatt hours. This is equivalent to 98.3 kilowatt hours per square meter with
a standard deviation of 13.3 kilowatt hours. The study by RWIl/forsa (2015) does not allow for
comparisons in the average energy consumption between fuel types. Rather, it makes a statement about
the average consumption of households that use a certain type of fuel. Therefore, the 98.3 kilowatt hours
from wood pellets rather reflect that pellets are more often used in secondary heating compared to heat
pumps.

The report also includes information on households that use electric heat storages as their primary
heating source. In 2012, households residing in single family houses consumed on average 15,300
kilowatt hours of electricity with a standard deviation of 960 kilowatt hours. Those residing in semi-
detached houses consumed about 16,800 kilowatt hours with a standard deviation of about 2,700
kilowatt hours, while those living in apartment buildings consumed on average 8,800 kilowatt hours with
a standard deviation of 700 kilowatt hours. This is equivalent to a range of 115 to 130 kilowatt hours per
square meter. Altogether, about 3.2% of the sampled households depended on electricity to heat their
homes. From the examples on fuel consumption by house type the reader learns that there is
considerable variation and uncertainty in the level of fuel consumption in the residential sector.

Fuel type Petajoule Standard error
Electricity 497.4 14.9
Natural gas 877.8 194
Liguefied natural gas 25.5 2.4
Heating oil 690.0 17.1
District heating 126.0 0.9
Lignite 5.5 1.2
Hard coal 3.4 2.3
Fire wood 218.7 5.0
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Wood chips 10.8 2.2
Wood pellets 21.5 2.9
Heat pumps 56.5 14.9
Solar thermal 22.9 1.3
Total 2556.2 34.1
Vehicle fuels 1201.8 63.5
Total 3758.1 72.1

The main focus of the study by RWI and forsa (2015) was to project the total energy consumption of the
residential sector by fuel type. The rational was that the only other publicly funded endeavor, the annual
preparation of the German energy balance (see, for example AGEB 2015) treats the residential sector
as aresidual. Altogether, RWI/forsa (2015) finds that in 2013, the residential sector consumed about
3,760 Petajoule (PJ) of energy of which about 1,200 PJ relate to vehicle fuels. While there are some
minor differences in the shares of some fuel types comparing RWI/forsa (2015) to the energy balance
provided by AGEB (2015), both sources arrive at comparable levels of residential energy consumption.

RW]/forsa (2015) highlights the importance of individual fuels in the residential sector. At 880 PJ, natural
gas is the most used heating fuel in 2013, followed by heating oil with approximately 690 PJ. At about
220 PJ and 126 PJ, fire wood and district heating are the third and fourth most used fuels. The shares of
other fuel sources, such as lignite, hard coal, or wood pellets are insignificant in comparison.

4.8. Average temperatures in Germany

The demand for heat in the residential sector also depends on the outside temperatures. These are
closely monitored by Deutscher Wetterdienst (DWD 2016), Germany's national meteorological service.
The service provides comprehensive material including, for example, maps comparing the actual annual
average temperature to the temperatures observed between 1961 and 1990. The latter serves as a
reference period.
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Figure 9 indicates the annual average temperature in Germany in the period between 1961 and 1990. It
indicates minor differences in the average temperature mainly in the north and the south-west compared
to the south east. The lowest temperatures are found in mountainous regions, east of Diisseldorf, west
of Magdeburg, south west of Dresden and south of Munich.

The most up-to-date information provided by Deutscher Wetterdienst (DWD 2016) is year 2015 (see
Figure 10). It indicates that the temperatures are more homogeneous compared to the average of the
period 1961 through 1990. It would seem that the homogeneity was caused by an increase in
temperatures in the cooler regions of Germany. In fact, the comparison of the map legends reveals that
the scale incorporates another category for temperatures between 12 and 14 degrees Celsius.
Altogether, rising average temperatures should have a decreasing effect on the heating demand of the
residential sector.
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4.9. Summary

The battery of the historic and the projected socio-economic trends analyzed here may increase or
decrease residential energy demand. For example, the official population projections indicate a strong
likelihood that the population in Germany will decrease over the course of the next decades. All else
equal, it is reasonable to expect that a decline in the level of the population goes hand in hand with a
decrease in the level of energy consumption.

However, all else is not equal. While the population is declining, the average size of households is
declining faster still. Therefore, the total number of households increases. This puts upward pressure on
the energy demand.

A third major influence on residential energy consumption is housing quality. It was shown that the
regulation with regard to energy consumption in new buildings has become ever tighter in Germany
since the 1950. Today, the allowed maximum energy consumption per year and square meter is more
than 80% lower compared than it was in the 1950s. However, the regulation is for new buildings and
retrofits, so that it will take decades before a newly set regulation affects the quality of the existing
housing stock.
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Furthermore, the projections are often prone to risk. Even in case of the population projections, which
are reliable in general, the official population numbers had to be revised on the order of 1.5 million
people in light of the census. Moreover, estimates of net immigration have proven unreliable of late, too.
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In the following, population, household, and housing stock trends in Republic of Ireland are presented.
The analysis illustrates the historical development and the current situation before turning to the
available official projections. General assumptions regarding fertility, life expectancy, and net migration
shape the population trends, which are the basis for the projections of the number of households, which,
in turn, determine the number of occupied dwellings.

In addition to population trends, the case study also compiles information on the number and the
average size of Irish households over time. The historical perspective provides the reader with an
overview of long-term trends that might shape the future demands placed on the housing stock.

In addition to the population size, the number, and the average size of the households, the energy
demand in the Irish residential sector will be determined to a large degree by the energy efficiency of the

building stock. The current efficiency standards in terms of heating coefficients for residential buildings

are explained and contrasted with historical standards. Ireland 6 s Techni c al Guidance |
information and guidance on constructing buildings; for example, residential buildings constructed before

1991 were permitted an annual primary energy demand in excess of 190 kilowatt hours per square

meter and year. In comparison, residential buildings constructed in 2011 are limited to 60 kilowatt hours

per square meter, a reduction of 68%.

All of the indicated trends impact the market perspectives for smart electric thermal storage systems
(SETS). While the expected population growth and the increase in the number of households can be
expected to increase the market potential for SETS, the decrease in heating demand due to efficiency
increase can be expected to have the opposite effect, although reduced heat demand requirements
increase the suitability of SETS for larger dwelling and may increase market share.

The case study also indicates the shares of heating technologies used in Ireland. The share of
households that use electricity for heating is about twice as large compared to Germany. However, the
absolute number of electric storage heaters in Ireland is considerably smaller compared to Germany.
Lastly, information on long-term temperature trends is presented.

5.1. Population trends

Turning to Figure 11, the reader learns about the Irish population between 1950 and 2015, the last year
for which information is currently available. The population is presented for individuals living in the
Republic of Ireland. The Irish population increased from about 3.0 million in 1950 to approximately 4.6
million in 2015. The high level of emigration was the main reason for the decline in the overall population
levels through 1961, when it reached a low point of 2.8 million. The population growth observed from
1961 to 2006 was driven by the decline in emigration and a relatively high level of natural increase
(births less deaths), resulting in a total population of approximately 4.2 million in 2006, 50% higher than
the low point of 1961. Despite a return to net outward migration (inward less outward migration) in the
last decade, the population continued to grow strongly due mainly to the high number of births,
combined with falling deaths (CSO, 2013a).

The first census in in the newly independent Republic of Ireland was in 1926. The most recent
determination of the population size was the 2011 census, which was also conducted in each European
Union member state. For the years between the censuses, the population level is estimated based on
the number of births, deaths, immigrants, and emigrants. Thus, there is some uncertainty regarding the
projected number of individuals living in Ireland, with 2006 estimates ranging from 4.41 to 4.74 million
individuals for 2011 (CSO, 2010), compared to the actual population count of 4.57 million individuals
from 2011.
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In addition to historical developments, the Irish Central Statistics Office (CSO) provides population
projections (CSO, 2013a; CSO, 2013b). These take into account 1) the number of births per year which
varies with the number of women aged between 15 and 49 years old (child bearing age) and the total
fertility rate of these women (TFR, live births per 1,000 females), 2) the life expectancy, and 3) the net
level of migration (immigration less emigration).

As regards the number of births per year in Ireland, two scenarios were chosen by the Irish CSO (2013a)
for the TFR: a high fertility scenario (F1) and a low fertility scenario (F2). The high fertility assumption F1
assumes the total fertility rate will remain at the level observed in 2010 of 2.1 for the lifetime of the
projections up to 2046, while the low fertility assumption F2 assumes the total fertility rate will decrease
from 2.1 to 1.8 by 2026 (uniform decline across all child bearing age groups), and then stabilise at this
level through the end of the projection period in 2046.

As regards the life expectancy, a single scenario was assumed by the Irish CSO (2013a) for the
mortality rate of the Irish 2046 cohort (L1). A short term rate of improvement of life expectancy is
assumed, declining linearly over a 25-year period to a long term rate, with different short and long term
rates considered for males and females, and applied uniformly across all ages.

As regards the net l evel of mi gration (i mmigratio
influenti al, v ol at ifol the Irssm mbpulatiorc ahange eandnptojectioa ¢CSO, r2013a).
Thus, three different scenarios of positive and negative net migration were chosen by the Irish CSO: a
highly optimistic positive net migration scenario (M1), a less optimistic positive scenario (M2) and a
negative scenario (M3). The most optimistic migration scenario M1 assumes a return to positive net
migration by 2016, in contradiction with the preliminary results of the Irish population census 2016 (CSO,
2016b), rising slowly thereafter before settling at an annual rate of 30,000 by 2021. Under the less
optimistic scenario M2, net migration is assumed to become positive by 2018 before reaching an annual
rate of 10,000 by 2021, while the negative migration scenario M3 assumes a negative net migration
throughout the lifetime of the projections, settling at an annual rate of -5,000 in 2021. In addition to
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migration scenarios M1, M2 and M3, a zero net migration scenario MO was included by CSO (2013a),
thus allowing a full assessment of the impact of migration to be made.

One of the most commonly referred to scenario is F2-L1-M2 characterized by a birth rate declining from
2.1 to 1.8 children per child bearing age female (F2 = fertility rate scenario 2), an average life expectancy
of 88.5 years for females born in 2046, and a life expectancy of 85.1 years for males born in 2046 (L1 =
life expectancy scenario 1). In addition, the scenario assumes a net migration (M2 = net migration
scenario 2) returning to positive by 2018 before reaching an annual rate of 10,000 individuals per year
by 2021 (CSO 2013a). Given this set of assumptions, scenario F2-L1-M2 estimates a population size of
4.69 million in 2016, 5.04 million in 2026, 5.34 million in 2036 and approximately 5.64 million in 2046.
Compared to 2011, the Irish population in 2046 would increase by approximately 1.1 million individuals
(about 23.2%).

Table 13 compares the scenarios in a reader-friendly manner. Overall, CSO (2013a) provides for a
battery of scenarios, most of which are variations of likely characterizations of the expected birth rate,
the life expectancy, or the net migration. However, by considering the fact that the net migration is seen
as fithe most influential, vol atile and wuncertai
(CSO0, 2013a), official projections include scenarios revolving around assumptions of net migration which
deviate from the negative net migration level between 2011 and 2016, -28,558 individuals, as
provisionally estimated by CSO (2016b).

n o

Scenario | Abbrev. Birth rate | Net migration | Life expectancy Population size

for 2046 cohort in millions

Females | Males | 2016 | 2021 | 2026 | 2046
1 F1-L1-M1 |21 A +30,000 88.5 85.1 470 [ 499 |531 |6.73
2 F1-L1-M2 | 2.1 A +10,000 88.5 85.1 469 |490 |5.10 |591
3 F1-L1-M3 | 2.1 A -5,000 88.5 85.1 467 | 480 [491 |524
4 F2-L1-M1 |21 A 1.8 | A +30,000 88.5 85.1 470 | 496 |5.24 |6.42
5 F2-L1-M2 |21 A 1.8 | A +10,000 88.5 85.1 469 |4.88 |504 |564
6 F2-L1-M3 | 21A 1.8 |A -5000 88.5 85.1 4.67 | 4.78 |4.85 |5.00
7 F1-L1-MO | 2.1 0 88.5 85.1 474 1493 |5.08 |5.60
8 F2-L1-M0 |2.1A 18 |0 88.5 85.1 473 490 |5.02 |534

Scenarios 7 and 8 in Table 13 are considered less likely scenarios by assuming a zero net migration
level for all the years in the projection period. Still, even without net migration (MO) or with negative net
migration (M3), the projected population increases over the projection period, irrespective of the fertility
rate and life expectancy scenarios assumed. The lowest projected level of Irish population in 2046 is
predicted through scenario 6 (F2-L1-M3), which assumes a fertility rate declining from 2.1 to 1.8 children
per child bearing age female by 2026 and a negative net migration throughout the lifetime of the
projections, settling at an annual rate of -5,000 in 2021, thus leading to a population of approximately 5
million individuals in 2046, which represents an increase by about 9% compared to the level of
population observed in 2011. The highest projected level of Irish population in 2046 is predicted through
scenario 1 (F1-L1-M1), which assumes a fertility rate to remain constant at 2.1 children per child bearing
age female by 2026 and a return to positive net migration by 2016, in contradiction with the preliminary
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results of the Irish population census 2016 (CSO, 2016b), rising slowly thereafter before settling at an
annual rate of 30,000 by 2021, thus leading to a population of approximately 6.7 million individuals in
2046, which represents an increase by about 47% compared to the level of population observed in 2011.

Figure 12 provides for a graphical representation of the scenarios. For the year 2046, the level of
population ranges from 5.0 and 6.7 million individuals, as anticipated in Table 13. Moreover, it should be
emphasised that the population size observed in 2016, about 4.76 million individuals, as provisionally
estimated by CSO (2016b), is greater than that projected by all the scenarios examined by the Irish CSO
(2013a). Thus, there is significant uncertainty in the size of the population which, of course, translates
into uncertainty regarding the expected future energy consumption of the residential sector.
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Figure 13 illustrates the relative change in Irish population by electoral division geographical area
between 2006 and 2016 (AIRO, 2016), as provisionally estimated by CSO (2016b). Overall, Figure 13
indicates that the change in the population is not uniform across Ireland. For example, between 2006
and 2016, the population in Western Ireland decreased markedly, with the exception of the urban areas
around Galway, Limerick and Cork. At the same time and with few exceptions, nearly all parts in eastern
Ireland experienced population increases, especially in the urban area around Dublin.
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Figure 13: Relative change in Irish population by electoral division between 2006 and 2016 (AIRO,
2016)
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Figure 14 shows the past, actual and projected (as per scenario F2-L1-M2) relative change in lIrish
population by regional authority geographical area for each census period from 1991 to 2031. As
illustrated in Figure 14, the regional authority areas around Dublin (Dublin and Mid-East) will probably
face the largest increase in population with a relative change of approximately 5% between each census
period. Increases in the other regional authority areas are expected to be less strong (below average for
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the Irish state, approximately 3%) than for the Dublin and Mid-East areas, and concentrated around the
main urban areas, Cork in particular (South-West regional authority). Overall, many rural areas that
experienced population decreases between 2006 and 2016 (Figure 13) are likely to continue
experiencing population declines over the projection period.

One purpose of the geographical analysis provided by AIRO (2016) and CSO (2013c) is to approximate
the infrastructure needs (electricity, gas and water distribution networks) to meet the Irish population
energy demands. In rapidly depopulating areas, the per-capita cost of maintaining infrastructure
increases, thus rendering the distribution of electricity, gas and water increasingly expensive.

Figure 13 provided by AIRO (2016) is a rainbow coloured map providing graphical information by
indicating the level of a given variable using a colour code, which can alter the interpretation of results,
as previously discussed (Germany case study, Figure 3). For example, the range in hue and saturation
across the red coloured categories is rather large compared to the range indicating the relative change
in the population. At the same time, there is a considerable difference in hue and saturation comparing
the light red category (indicating changes between 20% and 35%) and the yellow category (indicating
changes between 10% and 20%). The perceived difference in the projected values is therefore greater
when colours change from red to yellow when in truth the variation is larger within the red colour coded
regions. The same is true for the change in colour between the yellow and the blue category. Please
also note that there are more red than blue hued categories. In addition, the dark blue category indicates
changes of less than -10%, while the red category indicates changes of more than +35%. Nevertheless,
the map provided by AIRO (2016) remains a useful tool for analysis.
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