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Scenarios for a zero- carbon inner
city university campus using 3D
modeling

An inner city campus case study

Prof. Dr. Ursula Eicker — HF T Stuttgart
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Urban Platform
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SimStadt Platform
SimStadt workflow

=ImportCityGmil— CreateSimStadthM, 0 g herProcessor ——RadiationProcessor— =MonthlyEnergyBalance=
GeomPreprocessor PhysicsPreprocessor UsagePreprocessor @

alidation > | Base » | Base |I Base |11 WU 2005 |Z Standard Germany > | Base > | Base » | Base

2 Types: 1 SimStadtModsls: 1 SimStadtModels: 1 SimStadtBuildings: 11 |S.im5tadtBuildings: 1 SimStadtBuildings: 11 SimStadtModelPlusWeathers: 1 SimStadtModel.ciradiances: 1 || # | SimStadtModels: 1

Buﬂdmg Physics Library Usage Library

Different refurbishment scenarios - Internal gains, heating and cooling
available etc., can be adjusted

- Material properties of buildings can Schedules can be adjusted
be adjusted

Occupancy | Intem Gains | Space Heating X | Space Cooling X | Domestic Hot Water X | All Electrical Appliances X | Ventilation X | | []
Variant 1D Des{ripﬁﬂn —Yearly Properti
; k ; = ¢ Set Point Temperature | 22,0 =g
MediumRefurbishment Medium full refurbishment recommended by Institut \
Set Back Temperature = 18.0 iz
AdvancedRefurbishment Advanced full refurbishrent recommended by Institut
- — /| Daily Schedul
EnEV2016 EnEV2016 - Minimum requirements of German Energiy 5| | Sediectensiemasschocicy
E . =
EffizienzHaus70 Energy label KIW EffizienzHaus 70 - German Energiesi < i e g
= Source g 0 7 \
EffizienzHaus55 Energy label KW EffizienzHaus 55 - German Energieei £
E
£ 10
EffizienzHaus40 Energy label KiW EffizienzHaus 40 - German Energieei WIESEGE Sl :.
importCsV | Bportcsy) &
3:‘ 1 2 3 4 5 6 7 8B 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Delete Hours
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Overview HF T-Campus / Buildings and Energy

Key Facts HFT-Campus Key Facts Energy Consumption
- 4.000 Students & 350 staff members

electricity consumption

~1.600 MWh/a

- 28.850 m? heated area (Bau 1 bis 4)
- 4 main buildings (+ new construction 2016) ?‘

6 heat comsumption

~ 2.700 MWh/a

emissions

~ 525t CO,/a
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Simulation Results — Campus HF T Stuttgart

Bau 1
130 kWh/m?
1.150 MWh/a

95 kWh/m?
710 MWh/a

S T
HitHHE
= YIENEEIE AN E

Bau 2
Bau 4 90 kWh/m?
120 kWh/m? 860 MWh/a

360 MWh/a

specific heating value

Bau 4 Baul \
Bau 2 Bau 3
0 20 40 60 80 100 120 140 160 180 200 >250
w T -y
\_ Neubau Bau 8 j :
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Weather analysis

Differences between
simulation up to 37%
in 2014

Reason: TMY Stuttgart is
the longterm average at the
Stuttgart airportin
Echterdingen, 10km from
the city center, with a
significantly different
climate from the annual
measured values at the city
center of Stuttgart
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Weather analysis

EU1

Difference between simulation and consumption (2012-2014)

304
233

BUILDINGS OF HFT STUTTGART

600
HEATING ENERGY IN KWH/A

SimStadt simulation with weather data from Stuttgart city center Consumption (measured values)

Simulation with the actual weather data (monthly mean values for each year) of
a station in the Stuttgart city center results in very low differences of -3% to 12%
from the measured consumption.

These differences can be attributed to changes in user behaviour.



Folie 8

EU1 2012 - 2016
Eicker, Ursula; 23.03.2018
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Refurbishment scenarios — Campus HF T Stuttgart

85 kWh/m?
750 MWh/a

80 kWh/m?
585 MWh/a

70 kWh/m?
640 MWh/a

specific heating value
Bau?2 Bau3 \

60 kWh/m?
180 MWh/a

.Standard" Baus, | [ Baud
- 27 % “ﬂ GOMTBE/ZT E 120 Tﬁ] 15|0 180 200  >200
k TNeubau Bau 8 ) 9
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Refurbishment scenarios — Campus HF T Stuttgart

45 kWh/m?
340 MWh/a

45 kWh/m?
410 MWh/a

40 kWh/m?
120 MWh/a

Bau 2
35 kWh/m?
320 MWh/a

specific heating value

Bau 2 Bau 4 Bau 1/3

T Neubau Bau 8
\_
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PV-Potential analysis with and without shading

Step 1 - SimStadt:
- automated analysis of solar radiation for all roof areas
- usable surface ratio parameter - PV capacity (kWp) & yearly PV yield (kWh/a)

Step 2 - INSEL:
- manual selection of suitable roof areas for more detailed analysis
—> hourly Simulation of PV yield kWh/kWp
Bau 1 - SW IIIIIIIIIII
Bau 1 - SO
Bau 1 - NO 830

Bau 3 - SW
Bau 3-SO

Bau 3 - NO 640
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Generating a hourly annual load profile for the heating demand

INPUT OUTPUT
\ : % o
’ f »?% 800
£ I f:
‘u\_ .
‘V -15 :

Jan. Feb.Mrz. Apr.Mai. Jun. Jul. Aug.Sep. Okt. Nov.Dez. : Olan. Feb.Mrz. Apr. Mai. Jun. Jul. Aug. Sep. Okt. Nov. Dez.
heating demand ambient temp. i hourly heating
(Simstadt) (local weather data) | demand

|
\/
Heating degree days method
Parameters: Optional:
- Heating limit temperature 15 °C - heating season Sep - Mai

- Heating setpoint temperature 20 °C - night set-back 24:00 — 06:00
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Parametrization of energy supply concepts

Using the annual load duration curves for the dimensioning process

200

heating load power load cooling load

B

O heating load KT

l.n-wu.lmd.lfwl””
o ¥ & B B B B &

= z=z=z==zzE=z=z=zzz:z=zz=2z=z==2zz=:z=:z=2zz=2:2%2z2z¢%¢%2

8 FRIRNARENARERARENARINAREGNF
EXEERN R R AR E RS S R ESRREIRCRER

heat demand cooling demand

Only cooling of computer center
and library, combination with
monitored data

Iile

absorption heat & cold PV(T) solar thermal
refrigerator storage modules collectors

Guided parametrization of
various energy supply systems

vapor-
CHP heat pump compression
refrigeration
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Campus HF T Stuttgart - energy supply concepts

Scenario modeling of energy supply concepts for renovation scenario ,Pilot":
Heat pump (monovalent) + PV

800 800
200 | heating load 700 powerload g _gy.p
600 - ®-& demand with HP
600 . .
500 - D reduction electricity

demand HFT ,through PV supply

2 % 400 -
e < Excess PV
5 100 © 300 1 electricity (to grid)
£ 300 § 200 7
100 1 e
200 0 .4r#~¢r4vk~4,:,ﬁ.ar#~¢r4.k~‘4\,’.~.%.4
100 1000 2000 3000 4000 5000 6000 7000 8‘000\
-100 o
A |
0 R -200
0 1000 2000 3000 4000 5000 6000 7000 8000
CHP (baseload) + heat pUmp (medium load) + district heating (peak load) + PV
800 800
200 heating load 700 - power load
600 peak load (district heating) 600 1
500 -
% 500 % 400 1
8 400 : g .
= medium load (heat pump) s 300
§ 300 S 200 -
100
200 base load (CHP) ;
0 W
N s
100 100 3 1000 2000 3000 4000 5000 6000 7000 8000 “"E
0 -200 ;

0 1000 2000 3000 4000 5000 6000 7000 8000

Bdemand HFT B CHP share
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Results of various concepts

primary energy savings avoided emissions amortization
0 500 1.000 1.500 0 250 500 750 0 10 20
standard
/\
)
: pilot
56 a
lighting I I -
campus | - ]
car park | I O
Campus + car park - | I ]
energy supply systems
cqe [ ] 1]
i34
M) e —— I Y/ 4
35a
cHp + heat pump - T

16
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Roadmap Zero-Emissions - RealLabor Campus

< state ) target

Recommendations: 100% @
\
\
\
90% |\
2018 v Reduction since 1990 Political goal 2040
H mainly achieved through Klimaneutrale
renovation Bau 4 (approved) 80% \ purchasing of green power Landesverwaltung BaWi
’ 1
\

g\F 55 %
2019 @ 70%

LED installation

2020 %

PV Hofdiener Garage

60%

50%

100%

-___’___..\

Emissions-Anteil

40%

2022 @ O\ @
‘»

standard renovation Bau 1-4 0%

20% \\.
2023 %

N
\

\
N

PV Bau 1-4 10% “\ 0 Jlighthouse 2030

N

- climate-neutral
~~~~~~~ HFT Campus
L o A N AL NN,
bis 2030 /

0% / -~~~..
1990 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2040

heat pump 17
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Automated energy concept derivation from 3D urban district modelling

=l HFT Stuttgart
BIEN Reallc
g Camp

Thank you for your attention!

www.hft-stuttgart.de
/[Forschung/Reallabor
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BackUp
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Campus HF T Stuttgart - Energieversorgungskonzepte
PV Potential Ermittlung HFt

ENERGIEFASSADE HOFDIENERGARAGE

An e SOt und S0d-West Fossoos des
o} Gebiires wenden PV Moduie Instaliert dia

= mudttfunktionaion Bourotfon gefartigt
wardan, de Solrenangle  orzeugen.  Dig

4 . D vargehiingte Fossoda ward  optimol
| | ouspEizt. Din Somerstrohiung  eraougt
- Enrpge. des  Woltman dienon  din

Frotosoitoicmodul o Somnenschutr. Dl
Hordast und Mordwestfossodan bleben in
Ihrem urspriing ichen Zustond und bringan
soeTit Mordiche m oos Gentuos:
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RealLabor Campus — Darstellung Fassaden-PV Hofdiener Garage

Stdost Fassade ®  Aufzug ca. 150m2 SO SW O
EE EE BEE

620m2 N EE BN
HEN EE HE

BN EE NE

Bl =m =N

EN EE EE

HE EE BEE

BN = EE

HE EE =N

iR B B

i 6N

H BN

ul HEE

| | [ |

= HEE

HE

B0

Dachfléche 1300m2
bei 5° Grad Neigung
ModulgroRe = 1,60*1,60m

=Illl. HEE
StUdwest Fassade  E® EEHER
560m2

GESAMTFLACHE = 2625m2

36 Module (9,00 kWp)

Verschattungs- & Ertragssimulation mit PVSol fur vereinfachten Entwurf 2



