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1 Executive Summary

This report is the third part of the deliverable D2.1, where the other two parts report on the
energy consumption in the building stock in Europe based on the available energy statistics
(D2.1a) and the energy policies related to buildings (D2.1b).

The aim of this report is to give complementary information about the heating and cooling
demands of residential and office buildings based on simulations, so that the many gaps in
the energy statistics can be filled. The methodology results in a complete and consistent
overview of the heating and cooling demands in residential and office buildings for
seven different climate regions covering the whole of the EU and six different periods of
construction covering pre-1945 to post 2000. In addition the data for the residential building
stock is split into single family houses, small and large multifamily houses, while for offices
the results are given for low and high rise offices with 6 or 12 office units per floor.

The simulation models have been benchmarked (calibrated) against the energy statistics for
each of the seven climate regions based on the aggregated data for the whole residential
building stock and then for the office building stock in that climate region. The methodology
derives the aggregated average using weighted averages of data split into periods of
construction and typology for both energy statistics and simulation results. The weighting is
done based on heated and cooled floor area. As nearly all of the energy statistics are given
in terms of consumption, while simulation results were calculated as demand, the
consumption data were converted to demand data. One fixed conversion factor was used for
heating (0.8) and one for cooling (2.5). One simulation parameter, the heating or cooling set
temperature, was varied so that the aggregated simulation result was the same as that for
the demand derived from the energy statistics. The calibrated models were then used to
derive the average heating and cooling demands of the building stock in the seven climate
regions.

The methodology has a number of uncertainties, both in terms of the energy statistics as well
as in terms of the simplifications and assumptions in the simulation models. During the
calibration process a number of inconsistencies have been detected for individual countries
and climate regions in terms of energy use statistic data. The resulting diagrams showing
heating and cooling demand across the whole EU are thus consistent with the energy
statistics for the climate regions. However, they show average values and large variations
can be found between individual buildings of the same age and size within a given climate
zone.

Beside the building stock survey completion and statistic data quality assessment, the work
is also the basis for the definition of suitable Energy Renovation Packages and Products
within the INSPiRe project. The simulation results will be used to identify which building
typologies, periods of construction and climate region have the largest potential for impact on
the European scenario. Such information will be used within the iINSPiRe project to define
reference Target buildings, as virtual demonstration cases to prove the potential
improvements and impacts following the renovation process of a given share of the
European building stock.
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2 Introduction

The D2.1a report, Survey on the energy needs and architectural features of the EU building

stock, presents information about the residential and office building stock in the EU-27

countries, both separately and at EU-27 level. The information presented in D2.1a is based

solely on statistics and other information collected during the literature survey. Not all the

desired information related to the building stock was gathered from literature, mainly because

the datawas missi ng or unreliabl e. These figapso are be
which is covered in this report (D2.1c).

Two different types of simulation of buildings are accounted for within the project:
1 Target buildings
1 Reference buildings

Figure 1 summarises the difference between the uses of target and reference buildings
within the project.

Target buildings are meant as Virtual-Demo buildings, whose purpose is to allow calculating

the effect of a number of renovation actions (Renovation Packages) that cannot be verified
otherwise on the three real demo buildings. As s
fisho within t he Tagetbuildirigs denot edcribedywithsntthasaelpart.

simulation

target reference

determination
of energy
savings

comparison of

sizing of
components / statisitcs
kits

optimization
of control
strategies

renovation
packages

J

Figure 17 Uses of target and reference buildings.

Reference buildings represent fAaverageo building
the gaps in the database, specifically for heating and cooling energy demand. Chapter 6 of
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the D2.1a report summarises the reference buildings, for both residential and office sectors.
The reference and target buildings have primarily been derived from looking at the statistics
and identifying the constructions types which are typical:

1 Inthe key years: 1945-1970 for residential and 1945-1980 in the office sector
1 In the six most populated countries
9 For the key typologies

Section 6.1 in D2.1a presents the three residential constructions selected (one single family
house and two multi-family houses) as a starting point to elaborate the reference buildings
used in this study, and section 6.2 covers the three for the office sector. For each buildings,
the reasons for selection and details of the construction, materials and geometry are
included.

The reference building models have been wused
consumption for the seven climate areas and six periods of construction defined within the

project. This report defines these models and the methodology with which the results were

derived (chapters 3), as well as the results themselves (chapter 4).
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3 Reference building models and average demand
assessment based on simulations

The reference building models are based on the representative building models in terms of
building construction type and geometry. However, the construction has been modified so
that the heat transmission coefficients U-values are those average values for the seven
climates and six periods of construction defined in the project, according to the procedure
reported in section 3.1 (see also D2.1a for more details).

The definition of the zones used as well as overall geometry are given in section 3.2.

The methodology to derive the average heating and cooling demands based on simulation
work is reported in section 3.3.

Boundary conditions for the simulations (infiltrations and/or natural ventilation, shadings and
occupancy profiles) are defined as in chapter 7. Simulations have been carried out in
TRNSYS 17.

3.1 Derivation of construction for climates and periods of
construction

External surfaces in the reference buildings models have been defined according to U-values
derived from statistics (section 7.4). For each climate and each period of construction (from
pre 1945 to post 2000) a U-value for roofs, walls, windows and floors has been calculated for
both main categories, residential and office buildings. Limited information on the variation of
U-values dependent on the typology has been found, therefore one value has been assumed
for all types of residential buildings (SFH, s-MFH, |I-MFH) and one value for the office
buildings.

Consequently, i t y p watl aohstructions have been defined for each climate and building
typology,according to | iter at usoastoobtainthe aceded &valged

Figure 2 shows a part of the database that was created with all the construction details used
in the reference building models. Afterwards, based on the TRNSYS material library and
indication on wall construction, a stratigraphy for each climate and period has been defined,;
the layer thickness has been defined in order to achieve the U-value derived from the
statistics.

For the windows, it has been necessary to create some fictive windows in order to reproduce
the hypothetical common window for that climate and period. A frame ratio of 20% has been
considered for the calculation of the U-frame. Window statistical values account for the whole
window transmittance, while the material list provides only glass U-values. A frame
resistance has been therefore calculated and inserted in the building models.

www.inspirefp7.eu Page4 of 67
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3.2 Models of Reference Buildings
3.2.1 Residential building - SFH

The SFH model has a fixed geometry for all the climates and periods of construction. It has
been defined following the common characteristics for a European SFH. The building model
is composed of two storeys with a total of 100 m? (therefore 2 zones are simulated); no
balcony has been taken into account, only an overhang due to the roof has been modelled.
The glazing ratio changes according to the facade orientation: in the south side it amounts to
20%, in the north side around 10% and in the east and west side around 12%.

Main geometrical features are reported in Table 1. Models for semi-detached and row
houses have also been created by defining the wall in between dwellings as adiabatic.

3.2.2 Residential building - s-MFH

The second reference building typology represents multi-family houses with a small size
base area (S/V= 0.61 to 0.46 assuming number of floors from 3 to 10, see Table 2). This
reference building has two dwellings per floor and an individual staircase located inside the
building envelope. The dwelling size is 50 m? and the number of floors varies from 3 to 7.

The building model includes two zones per dwelling, plus the staircase zone. Three floors
have been simulated, and for buildings with more than 3 floors, the consumption of all
intermediate floors is assumed to be the same as the mid-floor.

A glazing ratio of 20% in the north and south facades has been defined according to the
most common s-MFHSs.

3.2.3 Residential building - I-MFH

The third reference building represents larger multi-family houses with at least three floors
and several dwellings per floor (therefore S/V= 0.42 to 0.26 assuming number of floors from
3to 10, see Table 3). The dwellings are slightly larger than those in s-MFH: 65 m?.

A seven zone building model was developed in TRNSYS. The building is simulated with
three floors. Each floor has two zones and each zone includes three dwellings. The staircase
is modelled as a separate zone.

The total specific heating and cooling demand of the building are varied in a post processing
step by increasing the number of floors. The heating and cooling demand of every extra floor
are taken to be equal to the simulated demands of the mid-floor.

3.2.4 Office building

In the office building model, six zones are considered: two mid-row office cells with one
external wall and one cell in each corner of the building with two external walls. All internal
walls are assumed to be adiabatic. The mid-row cells were multiplied in post-processing to
obtain results for the whole building, and the number of floors was varied by multiplying
results for the entire floor. All office cells are of the same size and shape. The main
geometrical features of the model are reported in Table 4. The zone air capacity was
incremented 10 times, to account for furniture inside the room.

www.inspirefp7.eu Page6 of 67
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Table 17 SFH main geometrical features

SFH

Sketch and picture

Number of floors 2
Living area per floor 50 m?
Ceiling/floor height 25/3.0m
Building width /depth 6.5/8.0m
Roof type and materials Tilted (30°) saddle roof
Glazing ratio 20 %
Table 27 s-MFH main geometrical features
s-MFH

Sketch and picture

Zones / floor

Number of floors

3to7

Living area per dwelling

50 m?

Number of dwellings per floor 2

Glazing ratio

Ceiling/floor height 25/3.0m

Building width / depth 16.3/7.6m

Roof type and materials Flat concrete roof
20 %

www.inspirefp7.eu
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Table 37 I-MFH main geometrical features

iNSPiRe

Systemic energy
renovation of buildings

Sketch and picture

Zones / floor

Number of floors 3to7

Living area per dwelling 65 m?

Number of dwellings per floor | 6

Ceiling/floor height 25/3.0m
Building width / depth 19.25/24 m
Roof type Flat concrete roof
Glazing ratio 20 %

Table 47 OFF main geometrical features

Sketch and picture

Zoning

Zone height/width/depth

3.0/45/6.0m

Ceiling height

2.8 m

Zone floor area / volume

27 m2/81 m3

Office area per floor

6 to 12 offices per floor

Number of floors

3to7

Roof type

Flat concrete roof

Glazing ratio

30 % to 60%

www.inspirefp7.eu
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3.3 Methodology to derive average energy demand based on
simulation s

The overall methodology used to derive simulation results calibrated (benchmarked) to the
energy statistics followed the following steps:

1.

10.

11.
12.

13.

14

15.

Definition of typologies to be considered for residential and for office
buildings and thereafter detailed building descriptions for these typologies
(described in report D2.1a)

Definition of periods of construction (described in report D2.1a).

Definition of climate regions and which countries belong to these regions
(described in report D2.1a but also summarised in section 7.3.3 of this
report)

Derivation of average U-values for walls, floors, roofs and windows for each
climate region and period of construction (described in report D2.1a and
summarised in section 7.4 of this report).

Definition of boundary conditions for building simulations including
infiltration, ventilation, shading and internal gains for both residential and
office buildings and how these vary with climate region (see chapter 7).

Elaboration of a methodology to define detailed building constructions to
match the average U-value for the climate regions and periods of
construction (see section 3.1).

Implementation into the simulation tool (TRNSYS) of all variations of
building typologies, periods of construction and climate with the relevant
boundary conditions.

Sensitivity analysis of a number of parameters for which limited statistical
data were available, such as ventilation, glazing ratio, number of occupants,
number of floors (and in the case of offices, number of office units),
orientation and set temperatures.

Choice of parameters to vary in order to calibrate simulation results to
energy statistics.

Calculation of the weighted average simulated demand for heating and
cooling at various set temperatures, using the statistical floor areas for the
different typologies and periods of construction (see Figure 6)

Calculation of the weighted average consumption based on the statistics.

Calculation of the average demand derived from statistics by multiplying
consumption with a conversion factor.

Calibration of simulated average demand for whole building stock by
identifying the set temperatures for cooling and heating so that the
simulated demands match those derived from statistics.

. Analysis of the derived set temperatures and comparison with literature, and

through this, identification of inconsistencies.

Simulation of the range of building typologies, periods of construction and
climates to derive average heating cooling demands for this complete

www.inspirefp7.eu Page9 of 67
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range.

3.3.1 Detailed description of the steps followed

The methodology used to derive the heating and cooling consumption for residential
buildings was based on the available statistics for the different types of buildings and the
heated/cooled area of that type. For residential buildings there was sufficient data for most
countries to derive a share of single family houses (SFH) and two sizes of multi-family
houses (s-MFH and |-MFH) and thus all these three building types were used. For all of
these there are additional variations for which information was available and that have been
considered. For the SFH there are three variations: detached houses, where the building
model has all outer walls connected to ambient; semi-detached, where one of the outer end
walls is assumed connected to another identical building at the same temperature, and thus
there is no heat transfer through the wall; and row houses, where the two end walls have no
heat transfer to the assumed identical buildings either side. In addition statistics on the
average heights of the buildings were retrieved along with the survey reported in D2.1a.
Table 5 and Table 6 show the share of buildings by typology and age respectively.

Table 5 Share of m2 for residential sector between category (SFH, s-MFH and |-MFH), typology within SFH
(detached, semi-detached and row houses) and MFH (number of floors)

Categories SFH typology MFH typology

SFH | s-MFH | I-MFH Detached | (Sem" | Row (li";’l :c‘:‘res) (:L?ft;c:f:i)

38% 43% 19% 47% 36% 17% 47% 53%

33% 46% 21% 54% 31% 15% 69% 31%
Southern Continental 67% 21% 12% 71% 20% 10% 64% 36%
Oceanic 85% 13% 2% 27% 48% 24% 86% 14%
Continental 63% 30% 7% 65% 22% 14% 81% 19%

61% 16% 22% 84% 8% 8% 42% 58%

55% 22% 23% 82% 12% 6% 49% 51%

Table 6 Share of m? for residential sector for construction period i SFH on the left and MFH on the right

Period SFH Period MFH

pre | 1945- | 1970- | 1980- [ 1990- | post pre | 1945- | 1970- | 1980- | 1990- | post

1945 | 1970 | 1980 | 1990 | 2000 | 2000 1945 | 1970 | 1980 | 1990 | 2000 | 2000

1% 33% 20% 14% 17% 15% 0% 34% 21% 13% 16% 15%

17% 39% 19% 13% 8% 4% 19% 40% 19% 12% 7% 4%
Southern Continental| 27% 27% 14% 12% 12% 8% 27% 35% 14% 9% 9% 7%
Oceanic 30% 35% 13% 8% 7% 6% 31% 29% 17% 10% 8% 6%
Continental 24% 24% 15% 14% 17% 6% 26% 27% 16% 13% 14% 5%

16% 39% 16% 12% 9% 8% 19% 35% 19% 14% 8% 5%

18% 29% 20% 15% 8% 9% 22% 33% 18% 14% 7% 7%

www.inspirefp7.eu Page 10 of 67
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As can be seen in Table 5, apart for Southern dry and Mediterranean countries, the
residential building stock in EU-27 is largely dominated by SFHs. Again the majority are
detached units, with exception to the Oceanic climate (mainly UK), where semi-detached and
row houses come out. The typology share is to some extent mirrored in the average height of
the residential constructions: the bulk is lower than 3 floors, whilst, in general, less than 30%
of the buildings have more than 4 floors.

Within the simulation work, SFHs have been modelled with 2 floors; MFHs with 3, 5 and 7
floors have been considered. As a simplifying hypothesis, a direct relation has been stated
between share of buildings with lower than 4 floors and the simulation results for 3 floors
MFH, between 4-5 floors category and simulation results for 5 floors MFH, and between >5
floors category and simulation results for 7 floors MFH.

Additionally to this hypothesis a number of assumptions on simulations boundary conditions
influence the outcome of the study. Among other, orientation of the building, number of
persons occupying the dwelling, glazing ratio and set temperatures (in winter and summer
operation) and infiltration rate.
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Figure 31 Heating Demand variation depending on different parameters (orientation, number of floors, Infiltration
rate, set temperature and persons).

As can be seen in Figure 3 (reported as an example of a vast parametric analysis), heating
demand moves in a huge range depending on the combination of the above parameters.
However, having set within reasonable intervals orientation, occupation (2 to 4 people per
dwelling) and infiltration + natural ventilation rate (0.35 to 0.55 1/h), heating demand is
changing only slightly (£ 5 kWh/(m?y)) when varying one parameter at a time. Therefore it
was decided to use the mid-value of each parameter as a boundary to the simulations.
Glazing ratio has also little effect on heating demand; in this case however, it was decided to
use the 20% value, since it is believed to be representing of the actual average construction
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typology in Europe. A larger influence is due to set temperatures and number of floors (i.e.
S/V ratio).

The charts in Figure 4 show the relative deviations of heating and cooling demands as
functions of the mentioned parameters for a s-MFH of the period 1945-1970 located in
Madrid. The set temperature is the most influencing variable also in terms of calculated
cooling demand. In the latter case, also orientation plays a role, however there is no
evidence that buildings are preferably oriented in one direction rather than another. A full
parametric analysis was carried out to prove that the same results are obtained for all
residential buildings typologies.
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Figure 41 Relative variation of Heating Demand (left) and Cooling Demand (right) for s-MFH (period 1945-1970
located in Madrid) as a function of the investigated parameters. Infiltration + natural ventilation 0.35-0.45 1/h,
occupancy 2-4 people, set temperature heating 19-23°C, set temperature cooling 24-26°C, Orientation 0-90°,

Glazing ratio 10-20%, number of floors 3-7.

For offices, a slightly different approach was used. A standard office unit (cell) was defined
and then used in different numbers in an office floor. As well as for MFH, also offices were
simulated with three floors: bottom, middle and top. For the bottom floor, heat transfer to the
ground below was simulated, while for the ceiling it was assumed that there was no heat
transfer to an identical floor above. For the top floor, heat transfer to the ambient was
simulated through the ceiling while it was assumed that there was no heat transfer to the
identical floor below. For the middle floor, there was no heat transfer to the identical floors
above and below. Post processing was used to derive data for buildings with two or more
floors by multiplying the results for the middle floor with the number of such floors. A similar
approach was used to calculate the demand for offices with more than six office units in one
floor, the results for the middle units was multiplied by the number of such units.

Table 7 reports on the share of office buildings ages and number of floors. Low-rise
buildings with 2 or 3 floors mainly influence the results, while high-rise buildings, with more
than 5 floors, account for only small percentages and are mainly located in large cities.
Information on the share of low and high rise buildings has been found although for only few
countries though. Buildings with 3 floors identify the category 2-3 floors in Table 7, 4 stories
buildings represent the category 4-5 floors and 6 floors buildings characterize the last group.

The parametric analysis, performed by varying relevant boundary conditions within suitable
ranges, gives the results reported in Figure 5. Heating demand is significantly influenced by
set temperatures used, number of floors and offices per floor (S/V factor again), while glazing
ratio plays a role for cooling. The shape of the building has a lower relevance on the cooling
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demand, while again set temperature, glazing ratio and therefore shading elements
management, control the physics of the problem.

Table 7 Share of mz for office sector for construction period and number of floors

Figure 5 - Relative variation of Heating Demand (left) and Cooling Demand (right) for an Office building (period
1945-1970 located in London) within the investigated parameters ranges. Infiltration + natural ventilation 1.4-1.8
m3/h/person, set temperature heating 19-23°C, set temperature cooling 24-26°C, Glazing ratio 10-60%, number of
floors 3-5, number of cells per floor 6, 12, 24.

As the reliability of the statistics is variable, depending on the country and the degree of
detail of splitting the building stock into different categories, it was decided to avoid the
comparison of the results by single building category and country. As an alternative,
aggregated values were compared based on the idea that the uncertainty in such data
should be lower than the uncertainty for individual data items.

To do that, the shares reported in Table 5 to Table 7 are used as weighing factors to express
the relevance of the one typology, age and height on the others. In the residential sector, for
a given climate and set temperature, the average specific demand is obtained as:
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