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TRANSSOLAR Energietechnik

Technologien fiir energieeffizientes Bauen und
Nutzerkomfort in Gebdauden

Grindung: 1992, 50 Mitarbeiter

Standorte: Stuttgart — Miinchen — New York - Paris

Geschaftsfihrer: Thomas Auer, Stefan Holst,
Dieter Schnelle, Matthias Schuler

Erik Olsen (NY), Helmut Meyer (Paris)

Wichtigste Tatigkeitsbereiche:

e Beratung und Entwicklung von Energie-, Klima- und
Luftungskonzepten

e Entwicklung und Vertrieb von Software fir die
thermische Gebaude- und Anlagensimulation
(TRNSYS)

e Forschungsprojekte

e Ausbildung von Architekten und Ingenieuren im

Bereich Klima-Engineering

TRANSSOLAR KLIMAENGINEERING



Zielsetzung: HIGH COMFORT — LOW IMPACT

GOAL
DEFINITION

SUSTAINABITILTY
DESIGN DUIDELINES!
I BASIS FOR
INFRASTRUCTURE
ranssolar !
ClimateEngineering PLANNING

Iterativer Designprozess

Nutzen natdrlicher Potenziale Nutzen physikalischer Effekte Synergien durch integrale Lésungen

TRANSSOLAR KLIMAENGINEERING
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Wege zur Nachhaltigen Stadt:
Gebaudeeffizienz, Energieversorgung und Qualitat des 6ffentlichen Raumes

Strategien, Konzepte und Modellierung dargestellt am Beispielprojekten

Agenda
* _Masterplan Centenary City Abuja, Nigeria
* Modellierung von Gebduden und Energiesystemen

* Masterplan Maidar City, Mongolei

,2Urbane Energiesystemmodelle”, 12.11.2015, Ostendorfhaus, Karlsruhe
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Optimierung der
Stadtebaulichen Struktur
fir Sonnenenergie, Tageslicht
und AulRenkomfort

STRATEGIE

N

Reduktion des
Energieverbrauches

n-1

Effiziente
Energieerzeugung

Nutzung
erneuerbarer
Energien



Centenary - City Abuja, Nigeria




Masterplan Centenary City Abuja, Nigeria

Nachhaltiger Masterplan fiir ein 13 km? Stadtquartier mit 200 000 Einwohnern, 2013

VISION

A self-sustaining

N \ energy efficient city
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s s Al ' Auftraggeber: Centenary City Ltd., Abuja, Nigeria
- - Stadtplanung, Verkehr:  Albert Speer+ Partner, Frankfurt
e Landschaft + Wasser: . Atelier Dreiseitl, Uberlingen
,ﬁ Klima + Energie: ~  Transsolar Miinchen
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Monatliche Solareinstrahlung ca. 2100 kwWh/m?/a
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B Untersuchung der Lichtqualitat im Innenraum von verschieden urbanen Formen

BLOCK 3F FAR 1.2 |F/A0.56 | BLOCK 5F FAR2.0|F/A 0.56 BLOCK 7F FAR 2.8 |[F/A 0.56 | BLOCK SF FAR3.6 | F/A 0.56
DIM: 52.5m x 52.5m x 10.5m DIM: 52.5m x 52.5m x 17.5m DIM: 52.5m x 52.5m x 24.5m DIM: 52.5m x 52.5m x 31.5m

DEPTH: 10m & 15m DEPTH: 10m & 15m DEPTH: 10m &15m DEPTH: 10m & 15m

FLOOR h: 3.5m FLOOR h: 3.5m WWER: 50% FLOORh: 3.5m

WWR: 50%. WWR: 50% GLASS: 50% dIff WOWR: S0%

GLASS: 50% diff GLASS: 50% diff BLIND: 20,0001ux 0.3 cut-off GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

TARGET: 300{ux @0.8m h

BLIND: 20,000/ux 0.3 cut-off
TARGET: 300lux @0 8m h

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300lux @0.8m h

<> <>
NP NP

e

PENCIL TOWERS

DIM: 20m % 20m X 66.5-108.5m
FLOOR h: 3.5m

WWR: 509

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 3001ux @0.8m h

o oo

FACE FAR1.55|F/A0.8| ~ "
FLOOR h: 4m

WWR: 5086

GLASS: 509 diff

BLIND: 20,0001ux 0.3 cut-off

TARGET: 300|ux @0.8m h

FAR3.5|F/A07| ~ ~ 7

plot+1/2 street

‘@b -@»
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TOWERS FARS.48| F/A 056

DIM: 25m X 25m X 66.5-108.5m
FLOOR h:3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300lux @0.8m h

FACE_ROT FAR1.55|F/A0.8|

FLOOR h:4m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

plot +1/2 street

D
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G5
\.@z

HYBRID LOW RISE
DIM: 52.5m x 52.5m x 28m
DEPTH: 10m & 15m
FLOORh:35m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300lux @0.8m h

LARGE BLOCK

FLOOR h: 4m

WWR: 503

GLASS: 50% diff.

BLIND: 20,000hux 0.3 cut-off
TARGET: 300iux @0.8m h

plot +1/2 street

<o D

FAR 2.1 | FIA 0.68 |

FAR1.74 | F/A 0.53

HYBRID HIGH RISE FAR 3.4| F/A 0.64 |
HEIGHTS: 10.5m-108.5

DEPTH: 10m, 15m, 20m, 25m

FLOOR h:3.5m

WWR: 50%

‘GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300/ux @0.8m h

ROW VERTICAL
FLOOR h; 4m

WWR: 500

GLASS: 50% dliff

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300/ux @0.8m h

plot-+1/2 street

FAR1.32|F/A0.67|
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BLOCK 3F FAR 1.2| F/A 0.56 | cDA 82% | sDA 75%
DIM: 52.5m x 52.5m x 10.5m

DEPTH: 10m & 15m

FLOOR h: 3.5m

WWR: 50%

‘GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off

TARGET: 300Iux @0.8m h

Potential cDA[%] Potential sDA[%]

PENCIL TOWERS

DIM: 20m x 20m X 66.5-108,5m
FLOOR h: 3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off
TARGET: 300lux @0.8m h

W oip

FAR 3.5 |F/A 0.7 | cDA 78% | sDA 67%

Potential cDA[%] Potential sDA[%]

FACE FAR 1.55 | F/A 0.8 | cDA 84% | sDA 83%
FLOOR h: 4m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off

TARGET: 3001ux @0.8m h

plot+ 1/2 street

Potential sDA(%)

Potential cDA[%]

BLOCK 5F FAR 2.0| F/A 0.56 | cDA 78% | sDA 67%
DIM: 52.5m x 52.5m x 17.5m

DEPTH: 10m & 15m

FLOOR h:3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off

TARGET: 300lux @0.8m h

Potential cDA[%] Potential sDA[%]

TOWERS FARS5.48 | F/A 0.56 | cDA 62% | sDA 38%
DIM; 25m x 25m x 66.5-108.5m

FLOOR h: 3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off

TARGET: 300lux @0.8m h

Potential cDA[%] Potential sDA[%]

FACE_ROT FAR 1.55 | F/A 0.8 | cDA 86% | sDA 93%
FLOOR h:4m

WWR: 50%

GLASS: 50% diff

BLIND: 20,0001ux 0.3 cut-off

TARGET: 300lux @0.8m h

plot + 1/2 street

Potential sDA[%)

Potential cDA[%]

BLOCK 7F FAR 2.8 |F/A 0.56 [cDA 74% | sDA 57%
DIM: 52.5m x 52.5m x 24.5m

DEPTH: 10m & 15m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

Potential cDA[%]

HYBRID LOW RISE
DIM: 52.5m x 52.5m x 28m
DEPTH: 10m & 15m

FLOOR h:3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

FAR 2.1 | F/A 0.68 | cDA 87% | sDA 88%

Potential sDA[%]

Potential cDA[%]

LARGE BLOCK

FLOOR h: 4m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

FAR 1.74 | F/A 0.53 | cDA 77% | sDA 57%

plot+1/2 street

B Untersuchung der Lichtqualitdt im Innenraum von verschieden urbanen Formen

BLOCK 9F FAR 3.6 | F/A 0.56 | cDA 69% | sDA 49%
DIM: 52.5m x 52.5m x 31.5m

DEPTH: 10m & 15m

FLOOR h:3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000/ux 0.3 cut-off
TARGET: 300lux @0.8m h

Potential <DA[%]

HYBRID HIGH RISE
HEIGHTS: 10.5m - 108.5
DEPTH: 10m, 15m, 20m, 25m
FLOOR h: 3.5m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000/ux 0.3 cut-off
TARGET: 300lux @0.8m h

FAR 3.4| F/A 0.64 | cDA 83% | sDA 75%

Potential sDA(%]

Potential <DA[%]

ROW VERTICAL
FLOOR h: 4m

WWR: 50%

GLASS: 50% diff

BLIND: 20,000lux 0.3 cut-off
TARGET: 300lux @0.8m h

FAR 1.32| F/A 0.67 | cDA 82% | sDA 69%

plot +1/2 street

Potential cDA[%] Potential sDA[%)

0% 20%

Potential sDA[%)]

Potential cDA[%]

B
40% 60% 80% 100%



B \ergleich der Tageslichtqualitat der bei gleicher Dichte
(Kontinuierliche Tageslichtautonomie cDA)

1

69 %

mixed low + high rise

51%

low rise only

cDA (%)



=®  Jihrliche Solareinstrahlung auf die Gebaudehille und 6ffentlichen Raum




wet season

wind direction
(May — Sept)

u Einfluss des Windes auf die Stadt

dry season

wind direction

(Oct — Apr)

m>0.5m/s
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- :l Bewertung des AuBenkomforts
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Bewertung des AulRenkomforts tGber den
Universal Thermal Climate Index UTCI

[°Cl extreme heat stress
46
very strong heat stress
38 strong heat stress
32
direct solar radiation moderate heat stress
diffuse radiation 26
UTC| no thermal stress
™
' air temperature 9
n -] ( ‘ infrared radiation slight cold stress
| . i O air humidity 0
| 1 activity
’ | \ clothing moderate cold stress
-13

The thermal perception is determined and rated by the UTCI
on the base of all relevant comfort influencing parameters
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AuBenkomfort in Abuja

78%

49%
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overhead shading .. [
trees + water

70%
60%
50%

86%

30%

hours of the year [%]

20%

10%
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no
overhang

assessment of
total electricity for
cooling + lighting

Optimierung der Geb&dudehiille / Dachiberstande
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overhang

= = = =windowratio 95%
= = = =windowratio 80%
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———=windowratio 20%



I\‘I Optimierung der Gebadudehiille / Fensteranteil

2

80% 65% \/ 50% \/ 35%

window/wall ratio window/wall ratio window/wall ratio window/wall ratio

-14% savings -10% savings



I\I Optimierung der Gebadudehiille / Gebdudetechnik

2

Reference Standard Optimized Standard
(Existing Buildings in Nigeria)

v Optimized Building Facades: y
| 20% savings ‘ ‘

‘ >

19% savings v,

Em Optimized Building Operation: = 3 ‘7

et

= y >

Optimized Building Systems: f
16% savings
>




I\I Ergebnisse der thermischen Simulation

2

ges_p_sum_REF Heating + Cooling Power

Total City - Reference Building Standard

500'000 -

450'000

400'000

350'000

300'000

250'000

200'000

150'000

Heating and Cooling Power [KW]

100'000

ot UL

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Hours of the year

=—total cooling demand P99.6%: 442780 kW = total heating demand P99.6%: 30522 kW



I\I Ergebnisse der thermischen Simulation

2

ges_p_sum_OPT Heating + Cooling Power

Total City - Optimized Building Standard

500'000 -

450'000 ~

400'000 +

350'000 +

300'000 ~

250'000 -

200'000 ~

150'000

Heating and Cooling Power [KW]

100'000

50'000

0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Hours of the year

=—=total cooling demand P99.6%: 172390 kW = total heating demand P99.6%: 40696 kW



Total Cooling Demand [GWh/m?a]

1600

1400

1200

1000

800

600

400

200

Ergebnisse der thermischen Simulation

Total Cooling Demand

500
1410 GWh/a
450
Supplement
208 GWh/a Dehuminification
{Fan Coil Unit) g 400
e
= 3%
o
°
8 300
E
o
a
Supplemental Z 250
860GWh/a Cooling (Fan Cail Unit 5
o ! 613 GWh/a £
L)
= 200
£
Radiant Cooling 150
100
Dehuminification
Mechanical Ventilation Dehuminification
Mechanical Ventilation 50
Cooling Mechanical Cooling Mechanical
Ventilation Ventilation
T
reference standard optimized standard

Total Electricity Demand

423 GWh/a

Auxiliary
62 GWh/a Systems

-38%

38GWh/a Ve
264 GWh/a
Electric Auxiliary
Flctre 50 GWh/a Systems
Mech:; 1]
25GWh/a Ventiation
Electric
Lighting)

Plug-Loads

Plug-Loads

reference standard optimized standard



Effiziente Kiihlsysteme / Kalteerzeugung

Cooling system per floor (e.g. facade split-system)

— — —
Cooling system per building (basement or roof systems)

J

District cooling (central top eff. chillers / heat rejection+storage+net)

District cooling network

% e &

Insulated pipes for cooling




r]—»'] Effiziente Kihlsysteme / Kilteerzeugung

CHPP Combined Heat and Power Production

Sanpe _ ——
Jenbacher 920 cogen unit
Electrical power output: 9.5 MW
Thermal power output (70°C / 90°C): s8.1 MW
Electrical efficiency: 48%
Thermal efficency: 42%
Total efficiency: 90%
800 - 754
- 45%
£ 600 571
g =
K] § 416
5% 400 - 372
o
Qo
o
200 -
0
D-GEN G-GEN CHPP CHPP-AbsCH
Diesel G ator Ci i Heat + Combined Heat +
35% efficiency 35% efficiency Power Plant (Gas) Power Plant (Gas)
48% efficiency + Absorption chillers

52% efficiency



r]—»'| Effiziente Kihlsysteme / Kilteerzeugung
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Siope Of Surface: 0"; Azmuth 0
Solar Radiationin PV Plane: 1010 kiWhma
Specific System Production: 166 KWh/m#/a
‘Specific System Production: 919 a
£
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H 100 3
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§ 15 80 2
> v
&
10 50 :
aw =
5
20
° o
i b m P may jut ug  sep oct a

Electric Output in London:
919 kWh/a per kWp <= 166 kWh/m?a

Anwendung erneuerbarer Energien

Slope Of Surface: 0
Radiation In PV Plane: 2125 kWh/m
‘Specific System Producton: 323 KWh/m?
Specibc System Producton: 1788 KIAWpa
ES
180
» 160
S
25 140 g
120
2 £
100%
F
15 w g
w0 &
;
° 3
40 >
5
20
0 0
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Electric Output in Abuja:
1788 kWh/a per kWp <> 323 kWh/m?2a

> 195%

100%

Horizontally mounted ventilated photovoltaic modules on roof tops
-> Shading of buildings and public realm
-> Generate renewable energy

50% of all roof area equipped with PV modules

-> 810'000 m? of PV -> 147 MW electrical power

Solar Electricity: 261 GWh per year



1400

[
N
[=]
o

1000

800

600

400

Electric Energy Demand [GWh/a]

200

Reference

-96%

Optimized
Masterplan

™\
1

2

Optimized

Generation

Energy

N1

3

I Electric Energy Demand

B CO2-Emissions

L B

Renewable
Power
Generation

2

-~

\\\I/i/

RS

4

1000
900
800
700
600
500
400
300
200
100

CO2-Emissions [1000t_C02/a]



Masterplan Centenary City Abuja

Economic Analysis for all measures

[ ] N\
=5 Iy
-.- .
Y 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
- Na2
n1 :/OS

I premium for sustainable city: +8.5% of total invest for city cashflow

savings on running costs over > 20% of premium per year @ return of invest after 5.5 years



Modellierung von Gebauden + Energiesystemen

LAND USE CALCULATION

ACC - area calc [AS&P 11.11.2013)
Status: 11.11.2013

Land Use Category

Centenary City Canter
Downtown

African Business District / Convention / Archive
Commercial - Mall / Hotels

Central Areas

Residential Low-Rise

Residential Mid-Rise

Residential High-Rise

Science Campus

Light Industry

Social Infrastructure.

Subtotal
Total
Cumulated Total by Phase

ACC - area calc [ASSP 11.11.2013)
Status: 11.11.2013

Land Use Category

Centenary City Center
Downtown

African Business District / Convention / Archive
‘Commercial - Mall / Hotels

Central Areas

Residential Low-Rise

Residential Mig-Rise

Residential High-Rise

Science Campus

Light Industry

Social Infrastructure

Subtotal
Total
Cumulated Total by Phase

Residential
[m?_sea]

Residential
[m?_wea]

Office, Services
[m?_sra]

75619
402748

0
5936
35010

102185

699614

Office, Services
[m?_wea]

5343

70182

629652

223840

Retail
[m?_nes]

201456

Phase 1 -Distribuition of Users

o Reserma

WOee,

s

el

Light Industry
[m?_sea]

mecocseceoooa

Light Industry
[m?_rera]

cccoccoocosoe

1578555
1578555,

Total
[m?_sea]

202748
166869
[

133565
350101

108196
[

1332972
1420700

Wlight iy st

Residential
[m?_sra]

73634
477638
5152

o
354531
o

o
224116
21974
o
39444

1206609

Residential
[m?_uea]

66270
429328

Phase 1.3 Percantage of GIA

=

ey

l

Phase 2 - Distribuiton of Users.

e, Semices

- heed

- gt wnduntry

Gross Floor Area

Office, Services Retai
[m?_aes] [m?_ora]

43089 122723

382158 95540

46364 1]

o 1]

101312 50656

o 0

o 1]

23454 13030

181188 0

o 1]

157777 1]
941342 281948

Net Floor Area

Conversion Factor 0.9

Office, Services. Retail
[m?_nea] [m?_nea]

44180 110451

343942 85336

41728 o

o o

91180 45530

o o

o o

21109 11727

163069 o

o o

142000 o
847208 253753

N

Phase 3 - Distribuiition of Users.

Phase 1-3: Percentage of Uses

(e me—

.

8 g bty

Light Industry. Residential

[m?_sra] [miea] |

] 245046 [

o 955395 111070

] 51516 [

] [

o 506558 101804

o 51639

] 77455

o 260601 78630

o 213162 [

240563 240569 [

] 197222 53744

240569 1572443
2670468
4243023

Light Industry. Total Residential
[m? nes] [m? ses] [m?_wa]

o 220901 0

] 859856 99363

] 26364 [

o of 0

o ass302 91623

] 0| 316475

o of 789746

o 234540 70821

] 191846 0

216512 216512 0

o 177500 48370

216512 1416999
2403421
3824121

mAesents| B OMice, Services mRersd LNt Industry

Office, Services
[m?_sra]

214977

247638

Office, Services
[m?_wea]

193480

402874

Retail
[m2_cea]
22214

o
5502
14543

51017
4575

97852

Retail
[m?_nes]
19993

4952
13089

45915
4118

23066

Light Industry
[m?_sea]

Light Industry
[m?_rera]

scecesecesnea

eceecsesane

Total
[m?_sra]

268722

2119932
6368955

1907939
5732060




Modellierung von Gebauden + Energiesystemen

zone facing north
zone zone
internal
facing facing
west Lt east

zone facing south

Masterplan Scale Building Scale Zone Scale
Residential Retail Industry
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Modellierung von Gebauden + Energiesystemen
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Modellierung von Gebauden + Energiesystemen
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Modellierung von Gebauden + Energiesystemen

A u to m a t i S C h e maulaﬁm 8 cluster buckets
G e b é u d eZO n i e ru n g D: Extract samples E: Area-weight of one sample F: Ray casting

TRNSYS

Simulation

|

Ergebnisse der
thermischen
Simulation




Modellierung von Gebauden + Energiesystemen
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Entwicklung eines parametrischen Stadtmodells

F: Ray casting

E: Area-weight of one sample

D: Extract samples
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Simulation
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m visible shading sufaces

Gebdudezonierung
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Mongolia VAIDAR

CITY
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« Land area: £ 5 x Germany

 Population: 3.2 Million (£ Berlin)
« Mean altitude: +1500m
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MAIDAR

CITY

Residential low density

Residentail high density

Mixed use

commercial / Offices /
center Uses

University

Public buildings / School
Culture

Cultivated green

Industry / Trade

Agricultural facilities
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Climate Analysis

I
&
Mean Outside Air Temperature [°C]
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Horizontal Insolation: 1417 kWh/m#/a

Yearly Mean Outside Temperature- 0.5 °C

Nr. Of Hour With Qutside Temperature Over 25°C 184 h
Nr. Of Hour With Outside Humidity Over 11.5 g/Kg 66 h

Monthly solar radiation and av. ambient temperatures
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—+—Mean Qutside Air Temperature [°C]
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Ulaanbaatar, Mongolia
General character: semi-arid steppe climate
with cold winters
Ulaanbaatar is located at an altitude of 1730m in the heart of Mongolia.
Both annual an diurnal temperature differences are high with winter lows well

below -30°C and summer highs up to about 35°C. Daily swings between day
and night can be as high as 20 — 30 K.

Horizontal annual solar insolation is high at about 1400 — 1700 kWh/m?a.
Absolute humidity levels remain below 15 g/kg.

Winds are prevailing from North throughout the year and remain at moderate
wind speeds.

Total annual Precipitation averages at about 220 mm, which mainly occurs
during the summer season (May — September).
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Hourly profile of ambient temperatures and water content of air
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Solar Radiation

Irradiance vs. Surface Slope
IWEC 2.0 Ulaan Baatar
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Sequence of Temperature and Humiditiy

IWEC 2.0 Ulaan Baatar
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Maidar Weather Station Data Evaluation

Dynamic weather data set

Windrose
IWEC 2.0 Ulaan Baatar

800h

Total data collected on site

Wind speed Site measurement: Windrose July - September 2014
[m/s] )
m <1 NNw S NNE
m1-2 T
m2-3 o mh
e Wind speed
g [m/s]
g m <1
g m1-2
s m2-3
m3-9 .

Available Wind Data: 8760 [h]

height: 10 m; wind velocity profile exponent: 0.32

Prevailing wind direction: Western directions

(according to New UBA orientation,
confirmed by site measurements July — September 2014)
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Solar Optimization

Solar Optimization
of City Layout
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Solar Optimization: Overshadowing of facades for intermediate massing
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Solar Optimization: Overshadowing of facades
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City Layout Revision: Solar Optimization / Microclimate Study
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Microclimate Study: Solar Access of Urban Space

Winter
(December)

Solar radiation (kWh/m®a)

ElY
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Microclimate Study: City wind distribution
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Microclimate Study: Solar Access of Urban Space

Solar radiation (KWh/m?a}
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Microclimate Study: Localized Outdoor Comfort
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OUTDOOR COMFORT

Bewertung des Aulienkomforts Uber den
Universal Thermal Climate Index UTCI

direct solar radiation
diffuse radiation

™
air temperature
e { . infrared radiation
i 1' — G “‘7 3 air humidity
7
= ' | H activity
1 § ( clothing

The thermal perception is determined and rated by the UTCI
on the base of all relevant comfort influencing parameters

[°Cl
46

38
32

26

UTCI 0

-13

extreme heat stress

very strong heat stress

strong heat stress

moderate heat stress

no thermal stress

slight cold stress

moderate cold stress

strong cold stress

very strong cold stress

extreme strong cold stress
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Reference (= Raw weather data, No measures to enhance outdoor comfort)

unshaded

- T~
—_—

no wind protection@

100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

B-50<=UTCI<-40 m-40<=UTCI<-27 m-27<=UTCI<-13 m-13<=UTCI<0

too hot

y

0<=UTCI<9 m9<=UTCI<26

too cold

Evaluated period: Full year, 8:00 —20:00

20%

4%

Year

26<=UTCI<32 m32<=UTCI<38 mUTCI>=38

strong heat stress
moderate heat stress

no thermal stress

slight cold stress

moderate cold stress

strong cold stress

very strong cold stress

Universal Thermal

Comfort Indicator (UTCI)
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Recommended strategy to enhance outdoor comfort

100%
Resulting overall o0%
recommendation
80%
Evaluated period:
Full year, 8:00 — 20:00 o
60%
50%
40%
. 30%
In sun
20%
no wind protection 10%
/\_/V
/_\_/V
0%
Jan Feb
@ u-50<=UTCI<-40
100%
90% -
in sun 80% 1
wind protection 70%
. Winter c0%
/\_/
50%

40%

30% -

in shade
wind protectiom™—

>
—

20% ~

10% -
Summer
0% -

m-50<=UTCI<-40

Jan Feb

Apr May Jun Jul Aug Sep QOct Nov Dec

Mar

w-40<=UTCI<-27 m-27<=UTCI<-13 m-13<=UTCI<0 m0<=UTCI<9 m9<=UTCI<26 = 26<=UTCI<32 m32<=UTCI<38

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

u-40<=UTCI<-27 m-27<=UTCI<-13 w-13<=UTCI<0 n0<=UTCI<9 w9<=UTCI<26 = 26<=UTCI<32 m32<=UTCI<38

29%: no thermal stress

20%: strong cold stres

\

uUTCI>=38

|

- 53%: no thermal stres

~

S

d } 4%: strong cold stress

Year

mUTCI>=38
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Recommended strategy to enhance outdoor comfort

No measures
(unmitigated outdoor
conditions)

Combined Optimization
Potential
(for summer and winter)

20%

40%  60%

80%

4%

100%
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Building Performance Standard

Building Performance Study

THERMAL INSULATION

A

BUILDING AIR TIGHTNESS

PASSIVE SOLAR GAIN

/

Ny

HEAT RECOVERY UNIT
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Building Performance Standards: Updated Scenarios

EXISTING ENHANCED MAXIMIZED
(EXT) (ENH) (MAX)
. * K /% +\\\\‘=
Walls ' [ k s
u=2.0W/m*K u= 0 19 W/m2K u=0.13 Wm3K
Windows @ @ @
u_g=2.8W/mK u g=0.7W/mK u_g=0.5W/mK
u f =25W/m2K uf =15W/m?K uf =1.0W/mK
Fenestration Ratio )
(residential North 2/3) > ) b
30% - 40% : 0%
Infiltration rate 0.50 h! 0.20 h! 0.10 h-*
(non-residential only)
Mechanical ventilation -~; % -
Heat recovery o (L
60%
Artificial lighting power (100%) -40% -40%
Elec. equipment power (100%) ~ 100% - 30%
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Comparison of Energy Performance Standards by dynamic simulation study

Residential

399

B Residential
-residential
-hotel

B Office
-office
-administration/ finance
-school
-medicare
-university
-culture

W Retalil

® Industry
-industry
-sports

Residential

Internal
20%

Retail

. -

u South

m North

u West

u East

Internal

Office

H South
Internal ¥ North
30%
m West
= East
Internal

Industry

. =whole building

Residertiall  Residenti Retail f Shops | Finance / Hotel/|  Medical
Lower Densiy Higher Density]  Offices|  Resturants| 70 °0|  pgmin|  CUMWE| Sehooll OS] coering| Treamene|  OPOTS|  TOW
Lower Density 83% 53| 2%| 100%)|
[Residential Higher Density 70%) 5% 10%| B 5% 100%
Finance Administration 100%) 100%
Total [m?] 787’683 2'366'197) 1'B28'044 875'%08) 127898 889'638| 500'693 358'919| 74e'63d| 279'993) 212'533| 15'939 £'998'880)
% 0% 26%| 20%) 10%| 1% 10%| 6%) 4% 8% 3% 2%) %] 100%|
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Comparison of Energy Performance Standards

450

400

350

300

250

200

150

100

Specific Energy Demand [kiWh/m?a]

a0

Comparison of heating demand (excluding domestic hot water):

Mongolia:

Germany
reference
values:
(indicative)

Atot_NFA: 7'814'800 m? Atot NFA: 7'814'800 m?
450
400
350
g =
=, 300 E
| z
£ 250 £
a a
Ei 200 5
@ 7]
Lﬁ 150 LE
1=} (&)
5 100 S
fiy
S - ’
0
heating heating

411 kWh/m?a 73 kWh/m?a

~ 150 kWh/m?a ~ 45 kWh/m?a

450

400

350

300

250

200

150

100

a0

MAX

Atot_NFA: 7'814'800 m?

u space heating

® heating mech. ventilation

® hot water demand

56

heating

48 kWh/m?2a

15 kWh/m?3a

,Passivhaus"
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Load [KW]

yearly energy demand [GWh/a]

Energy Demand: ENHANCED (ENH) Building Standard

annual heating and cooling profile
Enhanced Scenario (ENH) - Total Stage 1

Atot_NFA: 7'814'800 m*
300000
275000
250000
225000
200000
175000
150000
125000
100000

75'000

50'000

25'000
0 YT
1 731 1461 2191

2621 3651 4381 5111 5841

operation hours per year [h/a]

6571 7301 8031

yearly energy demand

Atot_NFA: 7'814'800 m* Enhanced Scenario (ENH) - Total Stage 1

700

639
600
500

400

300

200

118

100
23
0 B

heating cooling

38

electricity

mspace heating u heating mech. ventilation u hot water demand

mspace cooling cooling mech. ventilation w auxiliary electricity demand

electricity mech. ventilation electricity light u electricity demand equipment

specific energy demand [kWh/m?a]

annual heating and cooling profile

Atot_NFA: 7'814'800 m? Enhanced Scenario (ENH) - Total Stage 1

300000

250000

200000

150'000

Load [kW]

100000

50'000 L

0

0 730 1460 2190 2920 3650 4380 5110 5840

operation hours per year [h/a]

6570 7300 8030 8760

—total heating demand (99.4%: 253'676 kW) ——total cooling demand (99.4%: 32'107 kW) total electricity demand (99.4%: 48'805 kW)

specific energy demand

Atot_NFA: 7'814'800 m* Enhanced Scenario (ENH) - Total Stage 1

200
180
160
140
120
100
80
60 47
; e
20 3 15
heating cooling electricity

mspace heating u heating mech. ventilation u hot water demand

mspace cooling cooling mech. ventilation w auxiliary electricity demand

electricity mech. ventilation electricity light u electricity demand equipment
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Annual Heating Demand Density per Block

ENHANCED (ENH) Building Standard

Heating Demand Density [MWh/ha*a] =

<200

200 - 400
| 400 - 600
[ 600 - 800
1M 800 - 1000
1l 1000 - 1200
[l 1200 - 1400
I > 1400

MAXIMIZED (MAX) Building Standard

Heating Demand Density [MWh/ha*a] = ..

<200 AN [

~ 200 - 400 |- ’” -~

171 400 - 600 ) ""‘ "
1 600 - 800 ;;u‘ = "
1M 800 - 1000 \ _~
Il 1000 - 1200
W 1200 - 1400
W > 1400
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Heating Power per Block

ENHANCED (ENH) Building Standard

Heating Demand [MW]

W<
1-2
W23
W34
W45
W56
-6

MAXIMIZED (MAX) Building Standard

Heating Demand [MW]

<1
Hi1-2
W23
Ws3-4
W4-5
Ws-6
W6

s
oszaw
[

e
o1z 108,
- e R (™ -
DisMw W OITMN Q41w 051 W &
025, o
LE il
134MW
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District Heating Network

DN 50 st g!@% :

— DN 200 2'000 m
e DN 300 2900 m
s DN 400 21'000 m~
s DN 300 2°200m

DN 600 6800 m u
e N 700 13700 = =

-.:-
e DN 500 o plant ~4'000 AN
e DN 700 to ploant =5'000 m ot

E Sub station j
Scale 500 m % .
'J propsed

7>
lga  secondary

plant site
A |-

o

proposed main
plant site
(CHP)

] tne to plant System resilience strategy:
Additional supply point and plant
for central district heating network

o 4SS
":.'::;:f, ]
- '*-\J!i@(”"m

A | e
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Energy Supply Options and Renewable Potentials

Energy supply options

WASTE TO ENERGY

14

«/e®

PHOTOVOLTAICS

BIO GASIFICATION HEAT PUMP
COAL FIRED COAL FIRED
POWER PLANT POWER PLANT

EMISSIONS

GEOTHERMAL

WIND POWER

GRID

BIOMASS

COMBINED HEAT AND

5

POWER PLANT

CHP

DISTRICT HEATING

SOLAR THERMAL

%
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=
&

a;

%

83



Summary
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0
2
£
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Q
© 500 - 24%
15%
0~ . :
EXISTING Reduced Energy Demand Energy Supply System  Additional Renewable Energy
Buildings and Systems
JENHANCED" + CHP/ + 86 MW Photovoltaic
Building Standard Solar Thermal 24 MW Wind power
N J
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Proposed Concept
for Stage 1




MAIDAR EcoCity"
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Maidar Eco City

According to the spirit of Maitreya the city will follow the principles of an ecological urban development - a “City of the Future”
in which sustainability, low carbon emission, environmental protection and social harmony are the main objectives for the
urban design.
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