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New Housing Unit Construction for Sustainable
and Energy-Efficient Housing Stock

Growth rates differ by region

The environmental sustainability of housing stock depends on various
specific factors such as energy and other resource conservation, thermal
insulation, cutting carbon emissions, and durability. These sustainability
criteria are translated into ESG guidelines by real estate investors, project
developers, and industry associations as well as their stakeholders. Ab-
ove all, focusing on building a targeted and steady supply of new homes
serves to optimize the respective portfolios and the stock of housing

in general. However, the pace of growth varies greatly by country and

region. Looking forward, this differentiation is becoming increasingly im-
portant for assessing locations and allocating investments with a view to

more strongly weighting sustainability criteria. This study guantifies the

various d{?\.’(?i(},{)."."i‘l".i‘;. drivers, and F}C)SSI!Z)I“H(??; for ensuring sustainable

and energy-efficient housing stock.
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1. Sustainable demand for housing based on trends in population and household numbers

The amount of residential space used in an
economy, region, or city implies a correspon-
ding demand for energy for heating, air con-
ditioning, lighting, and operating numerous
other technical systems. In addition to ongo-
ing consumption, the energy and resources
required for building, modernizing, and
later demolishing dwellings must be taken
into account to suitably evaluate the topic
of housing in the overall context of societal
debates about sustainability, ESG issues, and
carbon emissions.

The total built and used residential space (in
total square meters) can be viewed as a key
quantitative parameter, and therefore statisti-
cally speaking, as the main driver of resource
consumption related to housing. In contrast,
relative resource and/or energy consump-
tion per sguare meter can be reduced by
implementing higher standards. The resulting
cumulative effect from an overall increase in
living space would have to be determined.

In this context, the fundamental question
remaining is the quantity of residential space
required or in demand. Socio-demographic
factors such as the number of inhabitants and
households are significant in this regard, and
ultimately determine the need for a particular
number of dwelling units. Units in residential
facilities or extended-stay suites may be pos-
sible substitutes to help meet demand but will
not be considered here in detail due to their
comparative lack of significance.

Socio-demographic developments
in Germany

The demand for housing in Germany does not
necessarily correlate with population growth.
For Germany, this factor can even be seen as
relatively insignificant overall. The change in
population since the turn of the millennium
indicates stationarity in the number of inhabi-
tants (Fig 1). The single decline that occurred
around ten years ago is caused mainly by
statistical factors (correction due to the
201 census). In contrast, the annual increases
since 2014 constitute a real change triggered
by intensive foreign migration. Over the co-
vered period, an overall increase happened
from 8226 million inhabitants in 2000 to
8317 million in 2019, with a temporary decline
to only 81.75 million inhabitants in 2010. This
corresponds to an increase in population of
0.91 million residents, or 11 %, over a period of
around 20 years.

A sharper increase in the number of house-
holds is evident from 2000 to 2018. During
that period, the number of households rose
from 37.71 million (2000) to 41.38 million
(2018). This equals an increase of 3.67 million
households, or 9.73 %, in about 20 years.
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2. Sustainable demand for housing based on individually used living space

While numbers of inhabitants and households
determine the required number of dwelling
units, the area required for residential space
- to be planned, built, and used - depends
on many other factors. Changes in attitudes
toward individual lifestyles, new requirements
for the use of space, such as home offices,
and, not least, growing purchasing power led
to an increased use of space for residential
purposes in general. This applies both in ab-
solute figures for the country as a whole as
well as in relative terms per inhabitant. This
per capita usage may be seen in qualitative
terms as a positive contribution to greater
prosperity and a higher quality of life, but at
the same time, it represents the additional use
of resources for residential purposes.

Growing use of residential space in Germany

An analysis of the last three decades shows
that the statistical average per capita use of
living space has risen steadily. This applies to
Germany as a whole and even more so to the
former East German states, which started out
at a low level in 1990 and had considerable
room to catch up to the Western half of the
country. Currently (according to 2019 data),
the living area per inhabitant in the former
West German states amounts to around 48 m?,
while in the former Eastern German states it
is slightly smaller at approximately 44 m? The

trend toward greater living space usage per
person appears to be continuing unabated.
Of course, the explanation could lie in the
aforementioned decline in household sizes. A
certain amount of area per dwelling unit taken
up by the bathroom, kitchen, and hallways, for
instance, results in a trend toward the use of a
larger amount of space per person in smaller
households. Because small households with
one or two individuals do not necessarily
require a third or fourth room, a reduction in
dwelling unit size would be expected at the
same time. Surprisingly, the statistical average
size of dwelling units is also increasing over
time. Whereas the average was still around
87 m? in the former West German states in
1990, the size there has now risen to around
96 m2 The average for Germany as a whole
is roughly 92 m?. At an average dwelling unit
size of approximately 79 m?, the former East
German states trail behind, although this figu-
re has risen substantially from the 1990 level
of 64 m? per dwelling unit.

As a result, more and larger housing units
are being used in Germany. Per capita living
space as well as unit size are both growing.
This is mainly due to the increasing number of
single-person households and the increase in
living space as the population ages. Changes
in lifestyle and in the use of residential space
also have an indirect impact on the relevant
energy consumption and CO2 emissions.
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3. Energy consumption resulting from residential uses

The social goal of a sustainable, resource-ef-
ficient economy stands in contrast to high de-
mand for goods, materials and energy for the
basic need of housing. Growing population
and household numbers - and particularly
the increasing use of space - generally boost
demand. This effect can be partly offset by
innovative solutions and new technologies,
such as demonstrated by energy consump-
tion in private households.

Energy consumption by private households
in Germany

Private households use energy in many ways
for residential purposes. In 2018, this figure
was around 644 terawatt hours (TWh), which
is the equivalent of some 2,320 petajoules (PJ)
or one-fourth of total final energy consump-
tion. This energy is used for purposes such
as lighting, operating elevators and electric
appliances, heating water, and indirectly also
for other services like administration, proper-
ty management, and maintenance. However,
by far the largest share - around 73 % - is
accounted by space heating (Fig. 9).

In the medium term, the trend in total energy
consumption by private households for resi-
dential purposes has been almost constant
(minimal decline of around 1.0 % from 2000

to 2018, and by 2.6 % since 1990, despite
increasing living space). The shares attributa-
ble to various uses have shifted. Particularly
notable is energy consumption for hot water,
which increased by 32 % in the period under
review. In contrast, the energy used for space
heating decreased by 8 %. The minimum
was reached in 2013 with a decline of 19 %
compared with 2000.

In other words, there was a downward trend
in space heating until around 2013, but since
then, consumption has been increasing again.
This cannot be explained entirely by individual
colder years. According to weather records,
2001, 2003, 2010, and even 2013 were colder
years, whereas 2014 and 2018 had warmer
winters. Perhaps other factors play a greater
role, e.g., other sources of heat in the house-
hold such as lighting or kitchen appliances,
which are now increasingly energy efficient.
However, this is merely a supposition suppor-
ted in part by the changes over time in energy
consumption for lighting.

Another surprising fact is that despite the
continuous market launch of increasingly
energy-efficient appliances, the attributable
energy consumption has risen by 9 % overall.
This could be the result of a greater number
of features and/or changes in usage.
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European countries, higher building standards
and, in particular, efficient methods of space
heating and thermal insulation used across

the board can lead to significant energy sa-
vings in private households.

4. Types of residential buildings as a key driver of heating energy consumption

The energy consumption of private house-
holds determined above is dominated by
heating in Germany and other countries with
similar climates. Typically, the building type,
construction vear, fittings, and renovation
status influence relative energy consump-
tion by user or unit area. The structure of the
housing stock is a key determinant of energy
consumption. A large bandwidth can be assu-
med both for building features as well as the
resulting energy consumption. The respective
building types and housing options are analy-
zed and compared below.

Structure of residential housing stock
in Germany - by building type

Germany's residential housing stock com-
prises approximately 219 % multi-family
buildings and 781 % single-family homes or
duplexes (information collected in the 2011
Census and 2014 Microcensus). Nonetheless,
a greater number of existing housing units
are located in multi-family buildings. In total,
Germany has somewhat more than 19 million
residential buildings with 41.1 million housing
units and living space measuring approxima-
tely 3,783 million m2,

For a long time, new housing construction
was dominated by the number of units in
single-family homes and duplexes, but since
2015, more dwelling units in multi-family
buildings have been completed. In 2019, only
40 % of the total of around 256,000 housing
units completed were built as single-fa-
mily homes or duplexes. At an average of
145 m?, the space they provide was nearly twi-
ce (exact factor of 1.86) that of dwelling units

in multi-family buildings at 78 m2. It should be
noted with regard to planning efficiency and
the construction of new residential units that
the smaller buildings accounted for a total of
nearly 93,500 projects, whereas new multi-
family buildings totaled only approximately
14,400 buildings.

The data concerning existing buildings and
new construction are essential for the evalua-
tion of sustainability metrics in the areas of
energy and resources. Typically, the heating
requirements for smaller single-family homes
and duplexes are somewhat higher per unit
area than in the case of multi-family buildings.
The difference averages around 15.4 kWh per
m? and year (Fig. 13). The reasons for this lie
in the way these structures are built, e.g., they
have a larger proportion of roof and facade
per built living space. Heating systems in
larger properties are also somewhat more
efficient to operate.

Electricity consumption is proportionally
less significant than heating energy: The sta-
tistical difference is around 1740.4 kWh per
household and year in this case. This higher
household consumption is likely attributable
to different building features (separate light-
ed outside spaces, entryways, etc. for the use
of a single dwelling unit) and the generally
larger living space provided by single-family
homes and duplexes. Heating systems pos-
sibly constitute an increasingly important
factor here, since they use proportionately
more electricity (e.g., heat pumps). Although
these systems are increasingly in demand for
reasons of heating cost savings in the owner-
occupied housing sector and are often also
financially subsidized, they nevertheless lead



E REAL EXPERTS.
REAL VALUES.

mand per dwelling

hnical and opera-

lling or unit of area

. safety-related and
2cts continue to support

>rall, multi-family build sre the more

srms of housing.

efficient building ty y conser-  other building types and

vation persy r according to the

Heating energy consumption by Electricity consumption
building type (2002-2019) by building type (2016-2019)

-family Multi-fam
building ome/dupl buildir

Regional differences The reasons behind these structural diffe-

Building

Germany. Larc
up in the aforementioned
>r to build

units as possible on the designated pare

ntaining many rental apartmer
st pe

in the city-states of Berlin and Hambt

housing
2ls

velop-

the gresz

itage of the housing stock limited. In ord

e than 40

dings in Berlin fall under the mily buildings and

le-family homes and duplexes, lopments are pc

burg this figure is at least 60 %. % N ¢ enters. Another factor is that real

of Berlin’s residents and more than 7¢ ally much higher in

ireas, which is another

Hamburg's residents live in

rould in

nd Branden-

nousing stock

family homes.

20



E REAL EXPERTS.
REAL VALUES.

stock requ suitable, individually adapted

ulting from the historica

From this point of

solutions in

rural ar and rec
v of the cc
in building structure

as the diffe

pt for op-

In v

umizZing the energy l.‘-XISiII]lj

sible and is not

/ consumption de- build ngs a

¥

very precise.

scribed above, the optimization of the

Housing stock by building type

MV BW

European comparison while the
remair

is mainly

Comparing hc

Europe rewe

acCross

1 the increasingly

that found in
(Fig. 15). The share of the t cultural emphasis on owning a

=

ding in single-fa
ind trends

itzerland, Germany, and -

; and the C h Republic is r or are detrimental

it1on

are of th

nnot b

terms. On the one hand, housing

N ger

SLOCK

multi-family

buildings is a po - and ge

the

unted for by

intr

Vo home li in for (_.J-Z.'I](.'I"(‘:iIlZlI]S.

maintained, and r on to family

21




E REAL EXPERTS.
REAL VALUES.

Share of population in single-family homes/
duplexes and multi-family buildings

05 19 .05 18*
NO UK

5. Age and condition of residential buildings as a key driver of energy consumption

which would sidential energy consumption. This is particu-

st

In addition to the build

water. The b

g and ho

architectural, larly true for heat

have to be represented

constructional and me reference example here is the usage metrics

ording

rties

in addition to the brief d 1 of single- of unrenovated existing |

family, two-family and multi-family houses, to coZonline and the Institute for Ecological

>cts of age and condition also play Economy Research (10W), such older proper-

rificant modernization efforts

a major role in the extended structural con-  ties without

sideration of residential buildings. These will toimprove er ficiency historically com-

Germany’s housing

prise a s

be examined be

W as pararn
consumption stock. The consumption of heating energy

and hot water amounts to

for space heati

Structure of residential housing stock Wh per m? and year in this case, adjusted

in Germany - by condition

At 143 kKW renovated buildings

Building age, maintenance condition, and ‘many's housing stock

ildings are classified as

renovation requirements are key drivers re- use only

22



E REAL EXPERTS.
REAL VALUES.

rtially re

rties built starting in

more than three projects

je heat INng energy

onsuMmp-
kKWh/

<2 them more ener

New and fully refurbis
contribute
te which at least th

four projects leading to ener

cantly to energy

mand for heating s much lo-

wer, How ar bot

21, both categories currently
13.8 %

om-
k.

reduction

completed are substa

efficient. This redt

sumption to 115 h

] andards have
full effect throughout
of housing. The extent to

1is explained bel

exhibited by new

cording to current t

Heating energy consumption
by renovation status

Building
renovation status

Regional differences orovided by the German

biets-
In a rec

and fully

structure in the former W

Iy higher in region

n the other hand is

ands of

considerat

iblic and priv

damaged,

er reunification bolstered by some dating to



E REAL EXPERTS.
REAL VALUES.

>f the buildings in

y including n

thermal bric

in building

fitting

s especially in

improving energy

al knock-on

dered

re be cons

Share of housing stock modernization projects

(by state in percent)

New construction 2 Fully renovated

9

Partly renovated ), Unrenovated

56

24



REAL EXPERTS.
REAL VALUES.

Germany in a European comparison

The European statistics allow an analysis at

least by construction age categories. Due
to a lack of comparable standards across

it
differentiate by individual types of fittings or

countries, is

s unfortunately impossible to
condition. However, due to the difference in
requirements by country (e.g., based on the
climate zones), this would likely be beyond
the scope of this study in any case.

The following table (Fig. 18) distinguishes four
different periods for classifying buildings by
year of construction. Classic older buildings
fall in the category of those built up to 1945,
At

Germany comes close to the European

74

% of the country's housing stock,

25
ave-
rage of 23
Poland (19

have substantially fewer older buildings, but

%. Countries like Finland (12 %),
19

%), and the Netherlands (19 %)
they occur disproportionately often in the UK,
where they account for 37 %.

Due to the buildings lost during World War |l
which had to be replaced, Germany has many

post-war structures falling in the category of

buildings constructed up to 1979. This catego-

ry amounts to 49 % of the housing stock and

features poor energy efficiency and a high

degree of potential for optimization because
of the usually fast and inexpensive construc-
tion methods used to build these buildings.
ific energy-efficiency standards were first

Sy

iIssued toward the end of this period in the

form of the (first) Thermal Insulation Regula-
tion, which entered into force in 1977. However,
this housing stock has already been modified
and renovated in the meanwhile in some cases.
In contrast, Germany has relatively few new
buildings constructed after 2000, with the
most modern buildings accounting for only

/

%. The European average (for the EU

including the UK) is 13 %. The highest percen-
tage can be found in France, where 17 % of its
housing stock is newer.

The construction year categories typical in
Germany indicate that the owverall need for
renovation may be higher than is apparently
the case for the European average.

<1945 1945-1979 1980-1999 >2000
Germany 25 % 49 % 19 % 7 %
United Kingdom 37 % 39 % 15 % 10 %
Italy 20 % 49 % 20 % n %
Czech Republic 22 % 40 % 26 % 12 %
Belgium 34 % 37 % 17 % 12 %
EU-28 23 % 42 % 22 % 13 %
Poland 19 % 39 % 28 % 14 %
Netherlands 19 % 40 % 26 % 14 %
Finland 12 % 42 % 30 % 6
France 27 % 34 % 22 % 17 %
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6. Investments in new construction for sustainable, energy-efficient housing stock

Creating additional residential space by
building new housing is counteracting surplus
demand, particularly in metropolitan areas.
Beyond just the social aspects, the analyses
above have shown that newly constructed
and (with some reservations) also fully
renovated properties result in a significant
reduction in relative energy consumption per
unit area or dwelling unit. This gives rise to
a corresponding increase in efficiency across
the entire stock of housing - not just in the
major cities otherwise the primary focus.
New construction therefore enables energy
conservation and cuts carbon emissions,
assuming that buildings are not constructed
in an overly complicated manner and are used
for as long as possible.

Momentum in new residential housing
construction in Germany

As shown with the construction age cate-
gories above, relatively few new buildings
have been constructed in Germany in recent
years, at least compared to other countries in
Europe. The relevant project developers and
building contractors must be addressed with
this aim in mind to find approaches for more
quickly renovating and therefore modernizing
Germany's housing stock. There is considera-
ble diversity here as well as different weight-
ings of goals, motives, experiences, and
services in their real estate industry activities.
Private sector building contractors are by far
the top category in terms of the number of
new construction projects completed. They
are responsible for most new construction.
However, professional commercial real estate
companies produce the most residential
space by area. The shift in shares between the
two charts on numbers of projects and area
(Fig. 19) can easily be explained by the fact
that the companies construct far larger pro-
perties, generally multi-family buildings. The
corresponding effect was already explained
in Section 4. In the interest of meeting energy,

26

CO2, residential space, and residential quality
aims, an approach that should be considered
in this context is to first turn to companies
active in this market. They are in the position
to operate efficiently while also conserving
resources and, due to their repeated activi-
ties, possess considerably greater experience
and expertise than private sector building
contractors who build one-time projects.
Lastly, the amount of space provided rose
while at the same time the number of projects
stagnated, which points to a corresponding
growth in average project size.

For further classifying the groups to be
approached about optimization projects,
it is also interesting that the public sector
defined narrowly (e.g., public corporations) is
responsible for an almost insignificant share
of housing construction. The newly built area
and housing construction projects completed
by the public sector hardly make a blip in
the overall view of housing construction. It is
interesting that the public sector’'s activities
are very stable only in specialized segments
of the housing market (eg. low-income
housing, construction companies involved).
During the financial crisis, the public sector’s
amount of space made available and project
numbers were almost unchanged, unlike for
other housing market players. Private sector
building contractors are wvery sensitive in
this regard.

The statistics additionally include real estate
funds and non-profit organizations such as
churches, NGOs, and foundations. These are
only included in the chart for the sake of com-
pleteness, but their contribution to housing
construction is very minor. For instance, with
regard to approaching these groups, addres-
sing them with funding programs directly
would likely not further the aims, but inclu-
ding them in discussions with private sector
building contractors would make sense (e.q.,
in defining groups entitled to apply for or
receive subsidies).
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NEW HOUSING NEW HOUSING SHARE OF
CONSTRUCTION IN CONSTRUCTION IN NON- HOUSING
RESIDENTIAL BUILDINGS RESIDENTIAL BUILDINGS | CONSTRUCTION
. " Residential
Projects Dwe!lmg Area Dwe!lmg Area space to total
w units units
= space
=
W
Number Number 1,000 m2 Number 1,000 m? Ratio
Baden- | .40 37347 4,019 1,478 131 39.3%
Wiirttemberg : ' ' ' :
Bavaria | 34143 58,263 6,337 1516 102 429 %
Berlin | 3,065 18,870 1,363 129 8 66.0 %
Brandenburg | 7,068 10,770 1130 125 8 632 %
Bremen 695 2145 186 45 2 372%
Hamburg | 2,535 9,666 798 139 21 60.5 %
Hesse | 9,63 20,175 213 184 18 482 %
Meckdenburg-
Weshoodenburd- | 2,926 5,243 538 29 3 54.4 %
Lower | 10108 28,057 3181 299 17 46.4 %
Saxony
North Rhine- |, ; 47,387 4,985 1260 84 46,5 %
Westphalia
Rhlne!and- 8.774 13.730 1625 373 25 48.5 %
Palatinate
Saarland 1,741 2,409 280 122 7 4.7 %
Saxony 7,083 10,128 1170 78 8 476 %
Saxony- o
Anhate | 3345 4,367 502 59 3 52.4 %
Schleswig- | g/, 13,314 1,266 354 23 495 %
Holstein
Thuringia | 3250 4,843 621 o8 9 528 %
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7. Conclusion

The use of buildings for living space plays a
considerable part in energy consumption and
carbon emissions both in Germany and in Eu-
rope as a whole. For this reason, the housing,
real estate, and construction industries are
key players in meeting the European Union's
aim of near-climate neutrality by 2050.

A quantitative reduction in the use of resi-
dential space should not be expected: In past
decades, per capita living space has increa-
sed continuously in nearly all countries and
regions, while household size has tended to
decline. Fundamentally, this implies a growing
need for energy and therefore rising carbon
emissions, assuming the energy mix and
energy efficiency remain the same.

A significant decrease in energy consumption
and CO2 emissions can therefore only be
achieved through qualitative improvements,
in generating heating, which
responsible for 87 % of energy consumption
(space heating plus hot water).

The analyses indicate that new residential
substantially  greater
potential for conserving energy and cutting
emissions than renovating existing buildings
to improve their energy efficiency. As a result,
an intensive level of new residential construc-

primarily is

construction  has

tion is essential for meeting these ambitious
climate goals. Germany continues to trail
its own expectations - including compared
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to other European countries. If Germany
is to catch up, it must tap the considerable
potential especially of commercial real estate
companies equipped with extensive private
capital. These will continue to play by far the
most important role in creating living space in
Germany in the future.

A regional and European comparison addi-
tionally shows that there are some marked
differences in energy consumption, partly for
climatic reasons, but also partly explained
by wvariations
age categories of existing housing stock.

in settlement patterns and

Therefore, uniform pan-German or even pan-
European standards and measures should
be questioned as to their effectiveness for
meeting climate policy targets. Energy usage
per housing unit in multi-family buildings
tends to be lower than that of single-family
homes or duplexes - without consideration of
political implications.

The most effective course for allowing resi-
dential real estate to contribute to climate
policy goals would be to offer commercial
residential project developers an attractive
environment for creating new energy-ef-
ficient housing.
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