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1. General information

1.1 Building description
Tempelhof demo case (H2rund) is a multi-story residential building, which was formerly the officers’ hotel of the US
Americans, located in Berlin (Germany), in the south-central Berlin borough of Tempelhof-Schoneberg, it ceased
operating in 2008. The Tempelhof airport complex consists of several staggered structures: The plaza, originally
planned as a circle, is surrounded by four-story wings, which were to house the administrations of Deutsche
Lufthansa and the Berlin Airport Company, as well as sections of the Reich Aviation Ministry. The buildings surround
a 90-meter-long front courtyard, which leads to the monumental lobby building. This structure in turn leads to the

18-meter-high, longitudinally oriented terminal building.

Figure 1: Aerial view of the urban context and building location

BIM-SPEED D4.2 — Energy Performance Simulation Report — Tempelhof demo case page 5 - 28




™,

Bwli‘%

The building was formerly the officers’ hotel of the US Americans. The first tenant was Deutsche Lufthansa, which
was founded in 1926 in Tempelhof. Along with its subsidiary Hansa Luftbild, it moved in 1938 in the airport building
designed by Ernst Sagebiel. H2rund forms a representative access to central headquarters with its large reception
hall. The rooms used for military purposes in the Second World War were completely destroyed and burnt out by
the end of the war. In 1950, Berliner Flughafen Gesellschaft began reconstruction for US Air Force, which built the
Officers’ Club and Officers” mess with dining room and club rooms under the name “Columbia House”. Officers'
quarters were built from former office rooms on upper floors. The reception area on the ground floor was completely
redesigned in 1987. Even the projecting roof comes from the US American period. The staircases with characteristic
aluminum rails and “oak hall” have largely been preserved in their original state. This room spanning over two floors
got its name because of wood paneling and candlesticks adorned with oak leaves. Originally it served Lufthansa as a
conference and lecture hall with inbuilt screen for movie screenings.

The building consists of 6 floors (4 floor with 2underground floors), 2 stairwells on each floor. The constructive
characteristics of the building are consistent with the construction period and are characterized by brick walls with
limestone shells, reinforced concrete and brick mixed floors, and a slope roof.

Regarding the HVAC systems, the building is characterized by central heating systems. The whole building is
equipped with district heating for the heating and domestic hot water production. No cooling systems or mechanical
ventilation systems are installed. The following photos show the external view of the building.

This project, sponsored by the European Union's Horizon 2020 research and innovation initiative, aims to provide a
comprehensive approach to transforming European cities into sustainable, smart, and resource-efficient urban
settings. The renovation efforts will include repurposing the airport building into an office building and defining
different renovation scenarios for better energy performance which will be building envelope insulation, with a focus

on the facades and roof, as well as internal horizontal partitioning.

S s

Figure 2: Main facade of the building
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Following a summary of the demo general data

Table 1: General information

General information

Location Berlin (Germany)
Use category Residential
Building type Multi-story building
Construction year 1926

Renovation year 2022

Number of floors 4 + 2 Underground

Number of apartments/units

1.2 GIS and environmental data

Berlin (Tempelhof) climate data was downloaded directly from the climate.onebuilding.org website.

January February March April May June July HAugust September October November December
Avg. Temperature °C {*F)  0.5°C 14°C  44°C | BITC | M4 04C | 58°C 22°C
{33)°F  (345)°F (40)°F (H24F°F | [52F°F {(BIFIF  (4Z1)°F  (3B)}°F
Min. Tempersture °C (F) -1.8°C  -1.4°C  08°C 48°c |lpasc | qagne ' 148°C  f14C  73C  32°C o1RC
(2B.8)°F (205}°F (31Z)°F (403)°F MEOYF (552)°F i : (588)°F (526} (45.1)°F (3TT)°F (322)°F
Mazx. Temperstura °C 28°5C 4450 84°C | 43EC 135'(: B°C 425
=F} [3T}F @0 °F (4T.1)°F (BIBFE (58.8)°F  (46.4)°F (30.8)°F
Precipitation / Rainfall 56 41 53 42 a2 5] 48 4z 54
mm {in) 2) m 2) & Lih]
Hummiicity( %) TT% 83% BE% 4% B5% 65% 1% 20%
Rainy days (d} { ‘ 8 | R | B { 8 ‘ o ‘ E | 7 o
awg. Sun hours (hours) 27 28 5.4 . E---- T4 1 50 25 28

Figure 3: Berlin’s Weather information
The following a brief summary of the climate data.

Table 2: General environmental data

General environmental data

Location Berlin (Germany)

Weather file DEU_BE_Berlin-Tempelhof.AP.103840_TMYx
Altitude [m] 34

Latitude [degrees] 52°52’0"” N

Longitude [degrees] 13°40'5"” E
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Figure 4: External temperature imported into the BEM model

2. Energy modelling

2.1 BIM-to-BEM procedure and software tools used
To complete the BIM-to-BEM process of the Tempelhof demo case, the CYPETHERM-based procedure has been

applied and the following tools have been used:

(3 o aa > &P
2N e v g h

Plugin Open BIMserver.c Stp 1_IFC Stp 2_.Open  Stp 3_Open Stp 4
BIM - Revit enter Sync Builder BIM BIM CYPETHER
Analytical Constructio M EPlus
Model n Systems

Figure 5: Software tools used to complete the BIM-to-BEM procedure

The BIM model has been developed with Revit software. To integrate the Tempelhof BIM into the Open BIM
workflow using the IFC standard, a dedicated add-in “Open BIM-Revit” has been used and the Tempelhof.ifc file

linked to the “BIM SPEED_Tempelhof” project on the BIMserver.center platform.
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Home > My projects > BIM SPEED_Tempelhof

Dashboard

BIM SPEED_Tempelhof
=]

Figure 6: BIM SPEED_Tempelhof Project on the BIMserver.center platform

As a result of the Open BIM integration, models of the BIM-to-BEM procedure can be stored and synchronized in

the cloud via the BIMserver.center. Starting from the IFC Builder tool, the Tempelhof.ifc file has been checked and
the internal spaces added.

Orientation Floors/Groups Copy Move the

Files Visibility
group  building

Project
O Endpoint
[] A Midpoint
[ b Perpendiculer
X Nearest
X Intersection
+ Extension
+ Perpendicular
+ Orthogonal

Point cloud

Const. elements Ly
Walls =)
Floor slabs = ]
Columns e
Floor slab elevation change =] [ Intemal floor slab
Spaces oo | H Flat roof
Nearby buildings and property | . Il

[ Floor above.

[ Floor below

Point cloud

[ Materials
Object edges

[ Improved environment lighting (SSAQ)

Figure 7: Tempelhof demo — IFC Builder

The model has then been exported and synchronized in BIMserver.center and opened with the Open BIM Analytical
model tool in order to create the analytical model of the building with the definition of all the geometric parameters

and the generation of all the spaces needed for the creation of a BEM. A few simplifications and
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corrections are automatically made, and 7 different thermal zones have been defined and associated with the
relevant spaces defined previously with IFC Builder:

- Z01: Basement (not heated)
Z02: Common Area (not heated)

- Z03 to Z07: Office floors (heated)

Architectural
modelling

[CRCERT

BM 30 Options

=2 ““\M e

@T@f@@ﬁ‘\J\E@@\vm Les NEHBEQS D

v—E
o |

IIF| 2 f’][lﬂ
AALEE:

® %

Update Share

Q
SmP | Manage T Delte | o B Shadons. | i
optins i | ot Outdoorsur: | poamcs
Space groups Generate

BlMserver.center

Roof
Floor 3
Floor 2
Floor 1
Ground floor
Floor -1
Floor -2
~ 3D views
30

Lo

Spaces  Surfaces

QlBE

2 Project

@ Space2 (Office) Iﬂ
(- Space3 (Office)

- Spaced (Office)
@ Space5 (Office)
(@ Spaced (Office)
- SpaceT (Office)
(- Space8 (Office)
@ Spaced (Office]
@ Spaceld (Office)
(- Spacell (Office)
G- Spacell (Office)
@ Spacel3 (Office)
& Spacel4 (Office)

Figure 8: Tempelhof demo — Open BIM Analytical Model

The analytical model, once generated, has been exported once again in BIMserver.center and the project has been
synchronized to be open within the Open BIM Construction Systems for the characterization of the building elements
under the thermal point of view. With the Open BIM Construction Systems tool all the building typologies (external

walls, party walls, internal partitions, external and internal floors, roofs, etc.) have been defined layer by layer and
associated to proper elements.

BIM-SPEED D4.2 — Energy Performance Simulation Report — Tempelhof demo case page 10 - 28




o BT 2 2
2 ——‘;,mﬂ B!}:I*

Leh DHBESS D

(Ol k3 N

& &

s el
ko2

Project Documents

Ol hagall e

Roofs
Reference: Roof Slab
Layers

Figure 9: Tempelhof demo — Open BIM Construction Systems

As previously done, the model has been exported to the BIMserver.center ready to move to the last step with the

completion of the BEM model with the CYPETHERM EPlus tool for the definition of the systems, the identification of

internal gains (equipment, lighting, and people) and the user profiles as described within 2.3 paragraph.

2.2 Description of BEM’s technical features

Tempelhof BEM consists of 90 office spaces, 2 common not-heated stairwell, a not-heated corridor in each floor,

and a flat roof. Figure 11 shows the layout of a typical floor while Figure 12 provides the 3D graphical representation

of the Tempelhof BEM as completed in Cypetherm Eplus.

Figure 10: Typical floor layout Tempelhof BEM
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Figure 11: 3D graphical representation of the Tempelhof BEM

2.2.1 Envelope components and materials
This paragraph summarises the construction systems implemented within the Tempelhof BEM to characterize the
thermal behavior of the building. The elements, as well as the single material, have been created and stored in
structured libraries. Table 3 summarises all the materials implemented within the BEM.

Table 3: Materials

Layers
Material 2 p L RT Cp
Facadeshellimestone 6.00 2750.00 1.200 0.05 840.00
Eq. Brick wall 30.00 1920.00 0.500 0.60 840.00
Plastar 2.00 1400.00 0.667 0.03 1000.00
Eq.masonry 42.00 1920.00 0.500 0.84 840.00
Facadeshelllimestone 6.00 2750.00 1.200 0.05 840.00
Eq. Brick wall 32.00 1920.00 0.500 0.64 840.00
Plaster 2.00 1400.00 0.667 0.03 1000.00
Flaster 1.50 1400.00 0.750 0.02 1000.00
Brick 9.00 1000.00 0.200 0.45 840.00
Eg.masenry 35.00 1950.00 0.407 0.86 840.00
Eg.masenry 47.00 1950.00 0.392 1.20 840.00
Eq. Brick wall 38.00 1920.00 0.500 0.76 840.00
Eq. Brick wall 48.00 1920.00 0.500 0.96 840.00
Eq. Brick wall 36.00 1920.00 0.500 0.72 840.00
Internalflooring 2.00 2300.00 1.000 0.02 800.00
Screed 6.00 2000.00 1.500 0.04 1000.00
Concrete 4.00 2400.00 2.000 0.02 1000.00
Eq.floorslab 16.00 1600.00 0.320 0.50 840.00
Bitumenmembrane 2.00 1100.00 0.180 0.11 200.00
Eq.floorslab 22.00 1600.00 0.400 0.55 840.00
Eq.floarslab 16.00 1600.00 0.400 0.40 840.00
Screed L5.00 2000.00 1.250 0.04 1000.00
Reinforcedconcrete 10.00 2400.00 2.500 0.04 1000.00
Gravel 15.00 1500.00 0.395 0.38 840.00
Used abbreviations
e | Thickness cm RT | Thermal resistance (m2- KW
p | Density ka/m= Cp | Specific heat 3/ (kg-K)
i | Thermal cenductivity W/ {m-K)
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Within Table 4 all the construction systems created for the Tempelhof BEM using the Open BIM Construction

Systems tool and stored within a dedicated library linked to the workflow on BIMserver.center have been reported.

Table 4: Construction systems

1.1 Fagades
Layer list:
=2 - 1 - Facade shel limestone 6.00 cm
s 2 - Eq. Brick wall 30.00
sl > qg. Brick wa cm
B ﬁ.ﬁ? £ 3- Plaster 2.00 cm
2 1
Basic wall STB : .fo- T
380 (38.00 cm) 5 Q{’;;*
Eas .c.&‘"
0] )]
Properties Thermal transmittance, U: 1.18 W/(m2-K)
Total thickness 38.00 cm
Layer list:
f?.ﬁ 1 - Facade shell limestone 6.00 cm
s’iﬁ\.-;k 2 - Eq. Brick wall 32.00 cm
’ﬁ,ﬁ 3 - Plaster 2.00 cm
. Pl
Basic wall STB _’-&‘,ﬁ
400 (40.00 cm) ?iﬁ';;
id
w2y
Thermal transmittance, U: 1.12 W/(m2-K)
Total thickness 40.00 cm
Layer list:
1- Facade shel limestone 6.00 cm
2 - Eg. masonry 42.00 cm
3 - Plaster 2.00 cm
]
. £
Basic wall STB
500 (50.00 cm)
Properties Thermal transmittance, U: 0.92 W/{m>-K)
Total thickness 50.00 cm
1.2 Walls in contact with soil
__ Layer list:
1 - Eq. Brick wall 36.00 cm
2 - Plaster 2.00 cm
BW STB 380
Properties Thermal transmittance, U: 0.32 W/{m?2-K)
Total thickness 38.00 cm
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T Layer list:
1- Eq. Brick wall 38.00 cm
2 - Plaster 2.00 cm
H
b
BW STB 400
Properties Thermal transmittance, U: 0.32 W/(m=2-K)
Total thickness 40.00 cm
_ layer list:
1- Eq. Brick wall 48.00 cm
2 - Plaster 2.00 cm
BW STB 500
Properties Thermal transmittance, U: 0.29 W/{m=-K)

Total thickness 50.00 cm

2.1 Roof

Layer list:
1- Bitumen membrane 2.00 cm
2 - Concrete 4,00 cm
Roof slab 3 - Eq. floor slab 22.00 cm
(30.00cm) 4 - Plaster 2.00 cm
Properties Thermal transmittance, U: 1.18 W/(m=K)

Total thickness 30.00 cm

izontal partitioning

Lavyer list:
1 - Internal flooring 2.00 cm
2 - Screed 6.00 cm
Hochlsteindeck 3 - Cencrete 4.00 cm
e 300 (30.00 4 - Eqg. floor slab 16.00 cm
cm) 5 - Plaster 2.00 cm
Properties Thermal transmittance, U: 1.41 W/(m=-K}

Total thickness 20.00 cm
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Layer list:
(IS AP, 1 - Internal flooring 2.00 cm
f‘:ﬁ‘::t v '_ 2 - Screed 5.00 cm
B e 3- Reinforced concrete 10.00 cm
et 4 - Gravel 15.00 cm
Screed
Betondecke Properties Thermal transmittance, U: 0.20 W/{m=2-K)
320 (32.00 cm) Total thickness 32.00 cm

Characteristic length of, B': 13.450 m

Thermal resistance of the floor slab, Rf: 0.48 (m2-K)/W
Floor slab surface area, A: 1296.89 m=

Floor slab perimeter, P: 192.274 m

Thermal conductivity, &: 2.000 W/({m-K)

2.3 Internal vertical partitioning

Layer list:
1- Plaster 1.50 cm
2 - Brick 9.00 cm
3 - Plaster 1.50 cm
Basic wall MW
120
Properties Thermal transmittance, U: 1.33 W/(m2-K)
Total thickness 12.00 cm
T Layer list:
S 1- Plaster 1.50 cm
2 - Eg. masonry 35.00 cm
3 - Plaster 1.50 cm
IW STB 380 e
) fi?"
ooy
Properties Thermal transmittance, U: 0.86 W/(m2-K}
Total thickness 38.00 cm
Laver list:
1 - Plaster 1.50 cm
2 - Eg. masonry 47.00 cm
3 - Plaster 1.50 ecm
IW STB 500
Properties Tharmal transmittance, U: 0.67 W/(m2-K)

Total thickness 50.00 cm
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The following table 5 summarises all the facade openings and windows.

Table 5: Construction systems

3.1 Fagade openings ‘
Heat transfer coefficient (U) = 3.00 W/(m*K)

Main entrance door Absorptance 0.6

3.2 Windows

Thermal transmittance, U: 5.72 W/(m2-K
Standard Floor " )
ind Solar factor, g: 0.950
Window Opaque fraction, Ff: 0.200

Thermal transmittance, U: 5.72 W/(m=K)

THF Speisesaal EG Solar factor, g: 0.950
Opaque fraction, Ff; 0.200

2.2.2 HVAC systems
Regarding the HVAC systems, the building is characterized by central heating systems. The whole building is
equipped with a district heating for heating and domestic hot water production and radiators as terminals. No
cooling systems or mechanical ventilation systems are installed. Following table 6 summarises the main parameters
of the HVAC systems.
Table 6: HVAC systems

HVAC Systems Office spaces

Reference name District heating

Year of installation n.a.

Location of the generator Central location

Rated capacity [kW]

Average seasonal efficiency | 1

Energy fuel Natural gas
Supply/return [°C] 80/60
Terminal units Radiators

2.2.3 Occupancy, lighting, equipment, and operating patterns
Tempelhof BEM has been characterised also from the point of view of the internal gains as summarised in the

following table 7.

Table 7: Internal gains features

OCCUPIED Space | Ventilation rates LIGHTING EQUIPMENT PEOPLE ACTIVITY level
Installed power Installed power

All Office floors 8.50 (I/s)person | 8.8 W/mq 10.80 W/mq 20 mg/person 130 W/person
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Relevant operating schedules and occupational patterns have been assumed based on standard office space type
and on a few information collected from the users. Following figures show a few of the patterns set for the

Tempelhof BEM.

Figure 12: Heating schedule

Reference || -
(O Annual (O Weekly (@ Working day / Weekend (O All week Profiles -
[ Consider Saturday as being a working day
[ Distinguish programming per menth
Working days Weekend
Months
Monday ‘mm;‘wmm‘mm| Friday Saturday ~Sunday
January | Heating schedule ON Heating schedule OFF
February Heating schedule ON Heating schedule OFF
March | Heating schedule ON Heating schedule OFF
April | Heating schedule ON Heating schedule OFF
May  Heating schedule OFF Heating schedule OFF
June | Heating schedule OFF Heating schedule OFF
July  Heating schedule OFF Heating schedule OFF
August  Heating schedule OFF Heating schedule OFF
Heating schedule OFF Heating schedule OFF
October | Heating schedule ON Heating schedule OFF
Heating schedule ON Heating schedule OFF
December Heating schedule ON Heating schedule OFF
e

Figure 13: Occupancy, lighting and equipment schedule

Reternce [ Bamto dpm 01

OOff O0n ©Byhour

3. BEM calibration

The BEM has not been calibrated with the BIM SPEED new procedure (sufficiently detailed data were not available

from both the energy bills side and the energy model side).
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Building energy performance simulation results

4.1 General considerations

4.2

The high energy consumption of the building is mainly due to the poor thermal insulation properties of the building
envelope both for what concern opaque elements, walls, and slabs are not insulated with thermal transmittance

varying between 1.18 — 1.41 W/mgK, and windows characterized by thermal transmittance of 5.72 W/mgK.

Energy KPIs

The following Energy KPI has been calculated according to D4.1 descriptions.

BS.OPED: Operational Primary Energy Demand

The primary energy demand has been calculated from the final energy consumption at the consumption point and
multiplied by the conversion factor (specific for Germany) for final energy to primary energy. The table below
summarises the primary energy demand related to natural gas and network electricity.

Table 8: BS.OPED Operational Primary Energy Demand
BS.OPED: Operational Primary Energy Demand

Ep [kWh/m?] 162.98
Energy vector o foeo S
(kWh/year)  (kWh/m2-year) (kWh/year)  (kWh/m?2-year)

Natural gas 497635.71 99.97 1.195 594674.68 119.47
Electricity obtained from the network 91463.54 18.37 2.368 216585.66 43.51
where:

E Energy consumption at consumption point (final energy), kWh/m?2-ye:

bt Conversion factor for final energy to primary energy.

Cost Primary energy consumption, kWh/m?2-year.

BS.TED: Total Energy Demand

The energy demand of the building is the total amount of energy the technical systems of the building (heating and
cooling) have to provide to maintain its indoor environment in comfortable conditions. The table below summarises
the results obtained from the calculation of the heating energy demand (there is no cooling for the Tempelhof demo)

Table 9: BS.TED Total Energy Demand

BS.TED: Total Energy Demand

2
Qreating [kKWh/m?year] 99.5
2,
Qorw [kWh/m?year] 0.4
2,
Qror [kWh/m?year] 100
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec Year
(kwh) (kewh) (kwh) (kwh) (kwh) (lkwh) (kWh) (kwh) (kwh) (kewh) (kwh) (kwh) (kWhiyear)  (kWh/m=year)
BUILDING (S, = 4977.78 m?; V = 17775.43 m?)
Heating | 107806.3 91029.7 65424.8 39329.0 ™ o] ] =T ol 34733.5 684459 88660.6 495429.8 99.5
Energy demand DHW 187.4 169.2 187.4 181.3 187.4 181.3 187.4 187.4 181.3 187.4 181.3 187.4 2205.9 0.4
TOTAL | 107993.7 911989 65612.1 39510.3 187.4 181.3 187.4 187.4 181.3 34920.8 68627.2 88848.0 497635.7 100.0

BS.TEC: Total Energy Consumption

BIM-SPEED D4.2 — Energy Performance Simulation Report — Tempelhof demo case page 18 - 28




B|m*; SPEED
»

Total Energy Consumption has been calculated directly using the simulation engine of CYPETHERM EPlus. The
following table summarises Primary energy consumption for heating and domestic hot water production.

Table 10: BS.TEC Total Energy Consumption

BS.TEC: Total Energy Consumption

EPheat(kWh/m?] | 118.9
EPcool[kWh/m?] | Cooling not present
EPiight(kWh/m?] | 43.5
EPanw[kWh/m?] | 0.5

EPror[kWh/m?] | 162.9

Jan Feb Mar Apr May Jun Jul Aug Sep Oet Naowv Dee Year
[kWh) (i} (i) [kWn) {kWh) (im ) {kwm) (kWih) [kwn) {kwh) {xwm} [ ] tkWhiyear)  (KWhim® pear)
BUILDING (S, = 4977.78 m%; V = 17775.43 m3)
Heating | 107806.3 91029.7 65424.8 39320.0 - - - - - 347335 684459 BH660.6 | 495420.8 90.5
Energy demand DHW |  1B7.4 169.2 187.4 1813  187.4  181.3  187.4  187.4 1813  187.4 181.3 187.4 2205.9 0.4
ToTAL | 107963.7 ©1108.9 656121 39510.3 187.4 1813 1874  187.4  181.3 34920.8 6E627.2 BEB4E.0 | 497635.7 100.0
EF... | 1078063 91029.7 G5424.8 39323.0 - - - - - 347335 6B445.9  BEGE0.6 | ASS4Z9.6 39.5
EP... | 12BB23.5 10B7B0.5 7&1B2E 459582 - - - - - 415065 817029 1050495 | 5920386 118.9
_ EPun| 1261844 108236.6 777907 467632 _ - - _ _ v _ _ T _ _ 7L _ 432990 813833 1054197 5890784 1183
EF... - - - - - -- - - - - - - -
MNatural gas o 2 208 o o s e s = = P i 3k
[Fup = 1.189] EPim
Electricity
[Fo = 1.954)
EF.. | 80600 J008.F  F709.6 73591 80600 73591 F709.6  BDGO.D  7ODE7  BOSO0 77086 7359.1 51463, 1E.4
EP..| 190861  16596.6 182563 17426.4 100861 17426.4 182563 190B6.1 16596.6 190861 1B256.3  17426.4 | 2165857 435
oo _ EP.u| 157498 136955 150651 14380.3 15749.6 143803 15065.1 15749.8 136955 15749.8 15065.1_ 14380.3 | 1787265 _ _ 359
Auto-consumed E = = = = = = = oL = = = = £
electricity EP = = = = = = == == = = b == ==
(fu = 1.954] EP. & A = 5 5 _ s i = _ = i £
Cuua | 116053.7 98207.6 733217 46869.4 B247.4 75404 78969 B247.4 7190.0 42980.9 763368 96207.1 | 589095.2 118.3
c.| 1481385 125579.31 066627 646413 10310.0 176431 18480.1 19310.0 16813.3 60B16.5 1002658 1235908 | 811260.3 163.0
C... | 144157.0 1221333 93079.5 61350.0 15972.6 14505.0 15287.8 159726 13911.1 572716 OU6664.6 120022.8 | 770427.8 154.8
where
Sl Residential area of the building, m=,

v Net residential area of the building, m3.

| Conversion factor for final energy fo primary energy obtained from non-renewable sources.
EF: Final energy consumed by the system at consumption point, kWh.

EP; Primary energy consumption, kWh.

EP.: Non-renewable primary energy consumption, kWh.

Cuwewr Energy consumption at consumption point (final energy), kWh/m2.vear.

Gl Total primary energy consumption, kWh/m2-year.

Cuw:  Non-renewable primary energy consumption, kWh/m2-year.

5. Building renovation scenarios

To perform and assess multiple energy simulations for building renovation scenarios, the CYPETHERM EPlus has
been used taking the Calibrated BEM baseline as a reference. The interventions have been modelled by changing

the relevant parameters within the Calibrated Model.

5.1 Renovation scenarios proposed
For the Tempelhof demo case, the following building renovation scenarios have been assessed according to Task 7.1

premises. The following table summarises the configuration of each scenario.
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Additional
Energy Source

Table 11: Overview of the Tempelhof Renovation Scenarios
External Wall Roof Windows Heating
insulation replacement System
replacement

Floor
insulation

insulation

Scenario 01 ETICS Energy 82 mm - PVC - + Grafipol -
Scenario 02 ETICS + Grafipol - - - R
Scenario 03 Ventilated + Grafipol | Energy 82 mm - PVC - + Grafipol Photovoltaic

5.2 Scenario 1: description and results
In scenario 1, the following interventions has been analysed:

1. Aninsulation layer made up of EPS Grafipol TR 31 (thickness 0.08 m and thermal conductivity 0.031 W/mK)
was added on the external side of the external walls.

2. Aninsulation layer made up of EPS Grafipol TR 32 (thickness 0.08 m and thermal conductivity 0.032 W/mk)
was added on the internal side of the roof.

3. All the existing windows were replaced with new pvc windows (Energy 82 mm - PVC) with a glazing heat
transfer coefficient Uw of 0.79 W/m?K.

4. Aninsulation layer made up of EPS Grafipol TR 32 (thickness 0.08 m and thermal conductivity 0.032 W/mk)

was added on the internal side of each floor slab.

The following table summarises the new construction systems.

Table 12: Construction systems

1.1 Fagades

@r Layer list:
Sl A 1 - Facade shel limestone 6.00cm
o 2 - Eq. Brick wall 30.00cm
. %Z?’{Z 3 - Plaster 2.00cm
Basic wall STB ;ﬁ Z’gzj‘?gog g ; - (P30Iiestireno expandido (EPS) 8.00 cm
380 (38.00 cm) o oo - Gypsum board 1.50cm
+internal 5{ g‘?{ iz
insulation £ Thermal transmittance, U: 0.17 W/(m?2:K)
i i Total thickness 38.00 cm
Properties Thermal transmittance, U: 0.28 W/(m?2-K)
Total thickness 47.50 cm
(T Layer list:
T 1 - Facade shel limestone 6.00cm
2Fsofs0® 2 - Eq. Brick wall 42.00cm
s e 3 - Plaster 2.00cm
Basic wall STB £ i:ogi:‘;iz 2 4 - Poliestireno expandido (EPS) 8.00cm
500 (50.00 cm) E :ZGZZOZZ ® 5. Gypsumboard 1.50cm
+internal Soofo aSo.
insulation o S o
Properties Thermal transmittance, U: 0.27 W/(m2-K)
Total thickness 59.50 cm
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Layer list:
= e 1- Eq.Brick wall 38.00cm
s@fa0 P 2 - Plaster 2.00cm
oo oo o . . .
R 3 - Poliestireno expandido (EPS) 8.00cm
e z ”
BW STB 400 + 5 k‘z;c‘?ﬁ‘:‘ffz 5 4 - Gypsum board 1.50cm
internal S
insulation Bty
T =
Properties Thermal transmittance, U: 0.13 W/(m?2:K)
Total thickness 49.50 cm
T Layerlist:
DSy St 1- Eq.Brick wall 48.00cm
2 2 - Plaster 2.00cm
ol ol S . < :
B 3 - Poliestireno expandido (EPS) 8.00cm
.BW STB 500 + g C;ZDO@ 00:052:300 é 4 - Gypsum board 1.50cm
internal Ba GG
. SR i
insulation esp e sl
Sor oo
Properties Thermal transmittance, U: 0.13 W/(m2-K)

Total thickness 59.50 cm

2.1 Roof

Layer list:

1 - Bitumenmembrane
2 - Concrete

3 - Eq. floor slab

4 - Plaster

5 - EPS Grafipol TR 32

2.2 Internal horizontal

Hochlsteindeck
e 300 (30.00

@
Roof slab @&—
'(30.00cm) +
internal &—
. . G
insulation

Properties

6 - Plasterboard

Thermal transmittance, U: 0.28 W/(m?2-K)
Total thickness 39.50 cm

Layer list:
1 - Internalflooring

WW —® 2 - Screed

3 - Concrete
4 - Eq. floor slab

®7

&1 S5
®7

[y

cm) + internal

5 - Plaster

insulation

Properties

New windows

Uw=0.79 W/m?K

6 - EPS Grafipol TR 32
7 - Plasterboard

Thermal transmittance, U: 0.30 W/(m?2:K)
Total thickness 39.50 cm

2.00cm
4.00cm
22.00cm
2.00cm
8.00cm
1.50cm

2.00cm
6.00cm
4.00cm
16.00cm
2.00cm
8.00cm
1.50cm
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The following KPIs have been calculated:
BS.OPED: Operational Primary Energy Demand

Table 13: BS.OPED Operational Primary Energy Demand

S1.0PED: Operational Primary Energy Demand

Ep [kWh/m?] 95.11
C C.
Energy vector 5 : 5
(kWh/year] (kWh/m?2vear) (kWhy/year)  (kWh/m2.year)
Natural gas 214931.24 43.18 1.195 256842.83 51.60
Electricity obtained from the network 91463.54 18.37 2.368 216585.66 43.51

BS.TED: Total Energy Demand
Table 14: BS.TED Total Energy Demand

S1.TED: Total Energy Demand

2,
Qreaning [KWh/m?year] 42.7
2
Qorw [kWh/m?year] 0.4
2
Qror [kWh/m?year] 43.2
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec Year
(kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh/year) (kwh/mZ=year)
BUILDING (S, = 4977.78 m2; V = 17775.43 m3)
Heating | 49575.6 42338.9 27830.6 15179.3 - = - == = 9735.7 28154.2 39911.0 | 212725.3 42.7
Energy demand DHW | 187.4 169.2 187.4 181.3 187.4 181.3 187.4 187.4 181.3 187.4 181.3 187.4 2205.9 0.4
TOTAL | 49763.0 42508.1 28017.9 15360.6 187.4 181.3 187.4 187.4 181.3 9923.0 28335.6 40098.3 | 214931.2 43.2

BS.TEC: Total Energy Consumption (and sub KPls; Energy consumption for heating, cooling, lighting, DHW)
Table 15: BS.TEC Total Energy Consumption

S1.TEC: Total Energy Consumption

EPheatlkWh/m?] | 51.1
EPcool[kWh/m?] | Cooling not present
EPight(kWh/m?] |43.5
EPdhw[kWh/m?] | 0.5

EPror[kWh/m?] | 95.1
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Jan Feb Mar Apr May Jun Jul Aug Sep ot ow Dec Year
k) [ (vt} [k (i} {wh) () {hirh, Lty [vs) thih) il (hAyer)  (ewhyimiaparg
BUILDING (5. = 457778 m* ¥ & 17775.43 m*)
Heating | 49575.6 423389 278306 151793 - - - - - 97357 281542 399110 | 212725.3 [FE]
Energy demand pHw | 187.4 1682 1874  1E1.3  187.4 1813 1874 1874 1813  1E7.4 18503  187.4 2205.9 (7]
TOTAL | 49763.0 42508.1 28017.9 15360.5 187.4 1813 1874 1874 1813  9923.0 28335.6 400983 | 214831.2 432
Ef.| 495756 423389 I7EIDG 151793 - - - - - 57357 2E154.2 399010 | 2127753 42.7
EFi | 592425 505950 33575 181393 - - - - - 11634.2 336443 476936 | 2542067 511
e S N A, e e e e e e, A RRSTERE IR, AR | SRR s L,
EF... - - - - - - - - - - - - -
Natural gas
e = Taday EPu = = i = 2 % = 5 = 2 =
o Rl R B R e e e e e e e S P e T i
EF..| 1872 163.2 187.4 1813 1874 1803 187.4 187.4 1813 1E7.4 1813 1B7.4 22059 0.4
..| 2239 022 2213 2187 2239 &Y 2238 1739 2167 2238 2167 2239 361 as
oe.] 2228 2012 2738 7156  F23B  JIS6 1212718 2156 ITE 2156 IILE 2622.9
EFu - - - - - - - - - - - - -
EFue - - - - - - - - - - - - -
B e e e e i e e o .
EFuu - - - - - - - - - - - -
EPuu - - - - - - - - - - - - -
Bactricity o i i L ey, . PG e (U I L, R o Mg | M, e
e = 1455) EF. = = = Z = = 2 = = 52 A o =
EP.. - - - - - - - - - - - -
T T ER,.| Boe00  7DoE7 77086 735901 EDEON 73591  7709.6  B0S0.0  FOCB.7 | BORO.0 77086 73ISR | 0 BI4ERE a4
EP.. | 190861 165966 182563 179264 1SOBE1 (74264 12963 190861 165966 190861 LS2S63 174264 | ILGEEST 435
EP... | 15745.8 136955 150651 143803 157498 143803 150651 1S749.8 136955 15749.8 15065.1 143803 | 1787365 359
ALtD-consumed e b pal = b % 55 3 7 = = = 7
oy EF £ & = = = = = = = = =
2 vzt SO, B T i e e e e B e e e e e e e S
Cepun | 578230 495168 35727.5 22719.7 B247.4 75404 78965 E247.4 7SO0 179831 360451 47457.4 | 306394.8 LG
c,| 785529 67393.8 517377 357EL4 193100 176431 18480.1 19310.0 168133 30944.1 52117.3 653439 | 4734285 95.1
C..| 749153 842387 4E379.1 376444 159726 145959 15287.8 155726 139111 275486 48756.8 620582 | 434285.1 87.2
whera:
5. Residential area of the building, m3.
W Net residential area of the building, m*.

j A Conversion factor for final energy to primary energy obtained from non-renewable sources.
EF: Final energy consurmed by the system at consumption point, kWh.

EP:  Primary energy consumption, EWk.

EP,: Norn-renewsble primary energy consumption, kivh.

Cumw! Energy consumption at consumation point (final energy ), kWh/m=-year.

C..  Total primary energy consumption, kWh/m=-year.

Cogee”  Nen-renewable primary energy consumption, kWh/m?=.year.

BS.TES: Total Energy savings

Table 16: BS.TES Total Energy Savings
S1.TES: Total Energy Savings

Baseline Scenario 01 SAVING
EPheat[kWh/m?] 118.9 51.1 67.8
EPcool[kWh/m?] Cooling not present
EPiight(kWh/m?] 43.5 43.5 0
EPdhw[kWh/m?] 0.5 0.5 0
EPror[kWh/m?] 162.9 95.1 67.8

5.3 Scenario 2: description and results
Scenario 2 is like scenario 1 with the internal insulation of the external walls and roof. There are two differences: the
windows and the internal floor slabs are kept as the pre-existing ones.

The following KPIs have been calculated:
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BS.OPED: Operational Primary Energy Demand

Table 17: BS.OPED Operational Primary Energy Demand
S$2.0PED: Operational Primary Energy Demand

Ep [kWh/m?] 107.53
C C.
Energy vector = oo "
(kWh/year) (kWh/m2year) (kwh/year) (kWh/m2year)
Matural gas 266683.64 33.57 1.195 321E686.95 64.02
Electricity obtained from the network 91463.54 18.37 2.368 216585.66 43.51

BS.TED: Total Energy Demand
Table 18: BS.TED Total Energy Demand

S2.TED: Total Energy Demand

2,
Qreaning [KWh/m?year] 53.1
2
Qorw [kWh/m?year] 0.4
2
Qror [kWh/m?year] 53.6
Jan Feb Mar pr May Jun Jul Aug Sep ct Nov Dec Year
(kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh} (kwh) (kwh) (kWh/year) (kWh/m32-year)
BUILDING (5, = 4977.78 m2; V = 17775.43 m3)
Heating | 60568.0 51479.1 34280.0 19415.4 - - - - - 14183.1 35327.0 49225.0 | 264477.7 53.1
Energy demand DHW 187.4 169.2 187.4 181.3 187.4 181.3 187.4 187.4 181.3 187.4 181.3 187.4 2205.9 0.4
TOTAL | 60755.3 51648.3 34467.4 19596.7 187.4 181.3 187.4 187.4 181.3 14370.4 35508.4 49412.4 | 266683.6 53.6

BS.TEC: Total Energy Consumption (and sub KPls; Energy consumption for heating, cooling, lighting, DHW)
Table 19: BS.TEC Total Energy Consumption

S2.TEC: Total Energy Consumption

EPheatlkWh/m?] | 63.5
EPcool[kWh/m?] | Cooling not present
EPight(kWh/m?] |43.5
EPdhw[kWh/m?] | 0.5
EPror[kWh/m?] | 107.5

BS.TES: Total Energy savings
Table 20: BS.TES Total Energy Savings

S2.TES: Total Energy Savings

Baseline Scenario 02 SAVING

EPheat[kWh/m?] 118.9 63.5 55.4
EPcool[kWh/m?] Cooling not present

EPiight[kWh/m?] 435 435 0
EPdhw[kWh/m?] 0.5 0.5 0
EPror[kWh/m?] 162.9 107.5 55.4

5.4 Scenario 3: description and results

In scenario 3, the following interventions have been analysed:
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1. Aninsulation layer made up of EPS Grafipol TR 32 (thickness 0.08 m and thermal conductivity 0.032
W/mk) was added on the internal side of the roof (Same as scenarios 1 and 2).

2. All the existing windows were replaced with new pvc windows (Energy 82 mm - PVC) with a glazing heat
transfer coefficient Uw of 0.79 W/m2K. (Same as scenario 1).

3. Aninsulation layer made up of EPS Grafipol TR 32 (thickness 0.08 m and thermal conductivity 0.032
W/mK) was added on the internal side of each floor slab. (Same as scenario 1)

4. Aninsulation layer made up of Rockwool (thickness 0.08 m and thermal conductivity 0.034 W/mK) and air
gap was added on the external side of the external walls and makes it as a ventilated wall.

5. Photovoltaic Solar panels (450wp SUNERGY, 2108x1048x35) were added with a total power installed of
18kW. They have the potential of producing 19045.0 kWh/year.

The following KPIs have been calculated:

BS.OPED: Operational Primary Energy Demand
Table 21: BS.OPED Operational Primary Energy Demand

S$3.0PED: Operational Primary Energy Demand

Ep [kWh/m?] 87.32
Energy vector i e s
(kwh/year] [(kWwh/m*year] (kwh/year) [(kWh/m2year]
Mzturalgas 204275.70 41.04 1.195 244109.45 49,04
Electricityobtained fromthenetwork: 72418.54 14.55 2.368 171487.10 24.45
Electricityproeducedonsite (renewable) 19045.00 32.83 1.000 19045.00 3.83

BS.TED: Total Energy Demand
Table 22: BS.TED Total Energy Demand

S3.TED: Total Energy Demand

Queating [kWh/m?year] 40.6
Qonw [kWh/m?year] 0.4
Qror [kWh/m?year] 41.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
(kwh) (kWh) (kWh) (kWh) (kwh) (kwh) (kWh) (kwh) (kwh) (kWh) (kWh) (kwh) (kWhiyear)  (kWh/m2-year)

BUILDING (S_ = 4977.78 m2; V = 17775.43 m3)

Heating | 47561.7 40757.3 26699.3 14193.6 o =) = = e 7981.2 26731.6 38145.1 | 202069.8 40.6
Energy demand DHW 187.4 169.2 187.4 181.3 187.4 181.3 187.4 187.4 181.3 187.4 181.3 187.4 2205.9 0.4
TOTAL | 47749.1 40926.5 26886.7 14374.9 187.4 181.3 187.4 187.4 181.3 8168.5 26912.9 38332.5 | 204275.7 41.0

S3.TEC: Total Energy Consumption (and sub KPIs; Energy consumption for heating, cooling, lighting, DHW)
Table 23: BS.TEC Total Energy Consumption

S3.TEC: Total Energy Consumption

EPheatkWh/m?] | 48.5
EPcool[kWh/m?] | Cooling not present
EPiight(kWh/m?] | 43.5
EPshw[kWh/m?] | 0.5
EPsolar[kWh/m?] | -9.1
EPror[kWh/m?] | 83.4
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Jan Feb Mar Apr May Jun Jul Aug Sep oct How Dec Year
kW) {kWh) [kWh) [kWh) [kWh) (kWh) LW [kwh) {kWih) {KWh) (kW) (W) (kwtyyear) (kWivmayear)
BUILDING (5.=4377.78m% V' =17775.43 m*)
Heating | 475617 407573 266003 141936 2 = 2 = = 79812 267316 381451 | 202060.8 a0.6
Energy demand  DHW | 1874 1602 1874 1813 1874 1s13 1874 1874 1813 1874 1813 1874 2205.9 0.4
TOTAL | 47749.1  40026.5 268867 143748 1874 1813 1874 1874 1813 B168.5 269120 383305 | 2042757 410
EF.u | 475617 40757.3 26699.2 14193.6  -- - - - - 79812 26731.6 38145.1| DO2069.8 a0s
EP...| 568362 487043 319057 163613  -- -- -- - -- 3537.5 31944.2 45583.4| 2414734 485
EP...u | 565521 484614 317461 168765 - - - - - 9480.8  31784.5 453555 | 240266.0 283
B - - - - - - - - - - - - -
EFa.| 1874  169.2  187.4  181.3 1874  181.3  187.4 1874 1813  187.4 1813  187.4 37053 o
EPu.| 2239 2022 2235 2167 2239 2167 2239 2239 2167 2239 2167 2239 2636.1 0.5
EP....| 2228 2002 2228 2156 2228 2156 2128 2228 2156 12228 1156 2118 2622.9 0.5
L - = = = = = i da & 4 = e o
2 i 2 i b i = i s & = .
EP. = i = i = = = = = i i = =
Electricity EPue] - s g b e = e i ok By = s =
(1., = 1.950) wal = 4 i iz Z = 5 5 i iz I ;s &
[ - it s sz i 2] i i = = = = 5
EPocanw| = = = = = = = = = = = = =
EFus:| 8060.0 70087 7709.6 7359.1 80600 7359.1 77036 B8060.0 70087 B060.0 7709.6 7359.1 | 91463.5 184
EPu| 190861 165966 18256.3 17426.4 19086.1 174264 18256.3 19086.1 16596.6 19086.1 182563 174264 2165857 425
EP...o:] 15749.8 136055 15065 14380.3 157408  14380.3 15065 15740.8 136055 15740.8 150651 143303 | 1787265 35.9
Auto-consumad e = = = = == = i = - ZE g = ~1984 5. =28
ecivicity EP v s . - a2 e 45 - - - ot - -a5098.€ 3.1
(L. =1.851) EP.. = = = == = - - - - - . = -37215.2 7.5
Cuww | 55809.1 47035.2 345062 217340 6247.4  7540.4  7806.0  8247.4  7100.0 16228.5 346224 456016 | 276604.2 55.6
c.| 761462 655023 so3mss  3ee044 103100 176431 184S0 103100 168133 288475 50417.1 632338 | 4153066 835
Con| 725247 623581 470340 314724  15072.6 145050 15287.8 150726 130111 254624 470651 50058.6 | 384400.1 772

where:

5,7 Residential area of the building, m=.

1 Net residential area of the building, m3.

fs Conversion factor for final energy to primary energy obtained from non-renewable sources.
e Final energy consumed by the system at consumption point, kWh.

EP: Primary energy consumption, kwh.

EP,: Non-renewable primary energy consumption, kWwh.

Cuwma Energy consumption at consumption point (final energy), kWwh/mz2-year.

i Total primary energy consumption, kWh/m?2-year.

C.... Non-renewable primary energy consumption, kWh/m2-year.

BS.TES: Total Energy savings

Table 24: BS.TES Total Energy Savings
S3.TES: Total Energy Savings

Baseline Scenario 03 SAVING
EPheat[kWh/mZ] 118.9 48.5 70.4
EPcool[kWh/m?] Cooling not present

EPiight(kWh/m?] 43.5 43.5 0
EPahw[kWh/m?] 0.5 0.5 0
EPsotar[KWh/m?] 9.1 9.1
EPror[kWh/m?] 162.9 834 79.5
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6. Time reduction evaluation

Following table shows the results of the time reduction for the Tempelhof democase. The BIM SPEED process
completed as previously described has been compared to the creation of a BEM using a traditional process, based
on the expertise of the energy modeler on similar buildings.

Table 25: Time reduction analysis for the BIM-to-BEM process compared to traditional BEM creation process

Traditional process BIM SPEED PROCESS

Workflow required for the BEM creation activity time required

time required

activity description e !

description (working days)
BUILDING DATA COLLECTION (site inspection,
1 | document/drawing analysis,..), specific data
for the thermal characterization are needed
a) direct geometrical measurements Information extracted
(needed if detailed and reliable technical 4 directly from BIM 0
drawings are not available)

b) collection and detection of the thermal Information
characteristics of building components 1 extracted/partially 1
(mapping of windows type, wall type...) extracted from BIM
c) collection and identification of relevant HVAC Not included in BIM
characteristics (installed power, type of 1 (same for traditional 1
terminals, ...) process)
Not included in BIM
d) data on building operational uses 0,5 (same for traditional 0,5
process)
2 | Building geometry creation
a) 2D floorplans reconstruction from on site Not nee(?ed i
measurements (needed if detailed and reliable 3 .geometn.cal 0
technical drawings are not available) |n.format|on extracted
directly from BIM
creation of the
b) creation of the 3D geometry of the building Analytical model using
directly with specific Building Energy Simulation 3 BIM (just minor 2
tools adjustments may be
needed)
3 | Building thermal characterisation
a) creation of the building components and 5 the same as traditional 5
related libraries (e.g. materials, stratigraphies..) process

b) definition of the thermal zones (uses, -,
. . — . the same as traditional
internal gains - occupancy, lighting, equipment 2 2

schedules - temperatures..) process
4 | HVAC characterisation
a) creation of the HVAC components (and 1 the same as traditional 1
related libraries) process
L the same as traditional

b) definition of the systems 2 2
process

TOTAL TIME REQUIRED 16 9

BIM-to-BEM time reduction compared to current practice: 41%
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