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Things people worry about Wuppertal
A{Fr I Y o) 85 Institut

« Itistoo technical and complicated

« KEEAIE, MELIEAE

» It will not work form a thermal comfort perspective

© REEBEMTEEAE

« It will use a lot of energy (at least more than calculated)
- FEAXKERRELENTEHNRE)

* They cannot open windows and cannot breathe

© TEITHER, TREMFRFHES

*  There will be mould

. REEBE

*  The design will be lacking

© BRI

»  Costs will explode \ N

C AR . il /;
« It will not be cost effective

© ERTFERANR

« I'will not make any money for the extra work

© BN IREFEETHRE AR




State of the Art technologies Wuppertal
Se i BIRA Institut

Most used technologies

ERZIZIEAR
- Superinsulation HBRARE
- Triple glazed windows SEWEE
* (U=0.8W/m3K)
- Heat Recovery Systems #ELZRZE > 90%
Hybrid Ventilation EEEN
«  Demand Ventilation BREBENX
*  Heat pumps (w/w) HAE (w/w)
*  Floor heating Hh AR SR B
« LED Lighting LEDHEEA
- PV (+ Battery) JEIR (+ Hith)
* Class A+++ Appliances A+++ZEHEF

% ¥4 iR: Frauenhofer IBP



Cost Effectiveness of Measures Wuppertal

A E R4 et Institut

Cost Niche R&D
effective
BAYE FEHS Mx&
HotClimatetpigseg
Advanced roofs £FHBEIN (LZ&1%1T/BIPV) v
Very low SHGC JEBEBEBARHN EoptEF)
Reflective Walls & 5}k
Cool Roofs &R EIN
Exterior Shading 7 &R PA A 12 514038 fH
Optimised ventialtion L1t BY B AT /HAEVE X
Phase change Materials 182 #11#} v

Passive heating gain #zh3\ {AE1E %S
Optimised insulation {1t BIPE M
Super insulation 2R {RE
No Thermal Bridges Jciif
Air Sealing 5% 14
Window Films IEENG R
Highly insulated windows & E R8N E -
Passivhaus performance # &) 5B 4 &t

ANANANANAN

ANANANENANAN

ANAN

R R EFREEEE . bigER A



Low Energy Building (LEB) Wuppertal

Easy approach to reach energy efficiency Institut
EREFEERA
REITTRERI B B T iR
 Compact building form and adequate orientation RENERFXFEERFE
 East-West orientation of building ZR P EA[D)
« Usage of passive solar gains W ENIR 15 K PHBE
- Avoidance of thermal bridges % 52 FRAT
- Effective external shading elements to avoid summer overheating B /MEFHE Z=[%2
* Highly energy-efficient building envelope = E R LA
«including high performance windows, 2EETER A
einsulation and Rim
-air tightness SEM

- Highly energy-efficient heating and/or cooling technologies =S4 EEHBEAI IS IHIAR
- Highly energy-efficient units for ventilation and domestic hot water production

= BE XU FRFAIK A4k B
- Highly energy-efficient lighting and appliances =4 ge BRI FME &
(the users are responsible for this but the developer should provide guidance to them

RARES, FixaFiettisE)

*  Quality surveillance of construction work and EHgENRERE
« Occupant’s briefing and building energy management EPESMEEEE

40-60% KI5 HER



Ultra low Energy Building (ULEB) Wuppertal

Advanced approach to reach energy efficiency

Institut

B{EREFER H (ULEB)
KB RERI i Ak

Further improvement from the LEB concept:

M RERE R S — Pkt

Extraordinarily good thermal insulation (e.g. 10 to 40 cm insulation thickness for roof and outer
walls, depending on climate zone)

BEiFmytrim  (bban, R\BSIEXAE10—40cm ETRFIEMRA)
Windows: & 7
Triple (Uyy;nqow-values less than 0.8 W/m?2K for cold and temperate climate zones) respectively
double (U 40w < 1-3 W/m2K for hot climate zones) low-e-glazing

= EHIE (BAMEREMXuE/NF0.8 W/m2K) , low-eNE (ASRIEXufE/NF1.3 W/m2K )
Energy efficient heating / cooling backup system for covering the residual heating / cooling energy
demand if necessary

TREHERE / R E RS
In addition to energy efficiency actions: Use of local renewable heat sources to the best extent
possible (solar radiation, ambient and geothermal energy, sustainable biomass)

RuJREEA S P BAEREIR (KFHBE, Z=SRFMMREE, AIHEEYIRE

60%ZE80%HY 75 243



Zero / Plus Energy Building (ZPEB) Wuppertal

Advanced approach to reach energy efficiency

Institut

F/1EREFEE T (ZPEB)
REFTRERISEHE 7T IR

Based on the Ultra-low Energy Building concept
ETBIREFETHS

In addition to the highly energy-efficient building performance, on-site power or heat generation
from renewable energy sources or from combined heat and power (CHP)

BRT S REEFERES, TEIBNFTEERIRSIARIK RSN LABEIHARE

“Zero Energy Building” if amount of produced energy (converted in primary energy equivalent!) is
roughly identical with annual primary energy demand

MRFERGEE (N—RBERFHER! ) RBHERTEE—REREEXRE, A “FeeHEEN” .
“Plus Energy Building” if it exceeds the demand

IMRBEFXK, WA “EREFEER”

80 % and beyond XF80 % &k



Retrofit Apartment building Freiburg

BUEBFHENBKE

Freiburg, Germany - f£E#3E S

Location

h =

Type of building

B

Treated floor area (TFA)
QR EETR 2
Surface/Volume ratio 0,26 m-1
REF/MATRLL

Number of apartments
AEHE

Year of completion
EREH,
Year of refurbishment

BUEF

Source: Freiburger Stadtbau Verbund

Germany
=
Social Housing
HERIERE

ca. 7200 m?
7200 m?

0.26 m-1
before 90
ZAIA 90
after 139
ZEH 139
1968

1968

2009

2009

Wuppertal
Institut

Large energy savings are possible in
practice with an 80% lower energy
demand achieved by a well designed
building and a holistic approach.

BT EFRMBHE G R, £
P AT HERISBORRIBRRBEIRR K, TEX

=N
Eﬁbl}go



Retrofit Apartment building Freiburg Wuppertal
BUEBHENRKE Institut

Building Services - BHi%&

« Total Primary Energy (incl. elec.) 112 kWh/m2/45

—XeEERE (BFBRNEE) : Y9112 kWh/m2/4F

* Heating Consumption ca. 15 kWh/m2/a (reduced from 68 kWh/m2/a )

SKEEEFE: 2915 kWh/m2/a (AA68 kWh/m2/FE /L)
* 100 % through a CHP unit (gas) for district heating (PE-Factor 0,4)
100 % B ABE~HIE (RS HITXEHE (PEEH0,4)

Ventilation system with heat recovery (83%) [EIWIENZRZ% (83%)

«  Photovoltaics on the roof ca. 25 kWp Bl K= : 25 kW

Building Envelope - EZ3E#

« Triple Glazing U-Value ca. 0.7 W/m2K Z EIFIEEHR AT : %o0.7W/M2K

« 200 mm Facade Insulation U-Value ca. 0.15 W/m2K 200mm /B HRIBERERE: Ho.15W/
M2K

Costs and Energy Consumption - A 8EE H#E
« The total building costs amount to €13,440,000 E&EMASE: € 13,440,000EK 7T
°  per m2 € 1,680 /m? (€ 600 /m? energy saving measures)
BEFRAAKITE: €1,680/FFXK (TIREXR: €600/FFHFAK)
«  Subsidies by programme ,,Social City* and credit at reduced interest #1T “#<iHH” WEME, %
i (EISHAEN

Source: Freiburger Stadtbau Verbund



Office building 2226

A building without a heating or cooling system
BEF#2226%

RECZREDHRG I Kk

Lustenau, Austria - B F| SHT4FES

Location Austria

Hh 1t B ith )

Type of building Office

e it 5F%
Treated floor area (TFA) ca. 2421 m?2
Z AR [FRV R HE AR 22421 m?2
Building volume ca. 13824 m3
AR #]13824 m3
Year of completion 2013

g T4 2013
Interior Temperature 22°C — 26°C
=REE 22°C — 26°C

Source: Baumschlager Eberle, Architektur + Technik

Wuppertal
Institut
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Office building 2226 Wuppertal
Institut

A building without a heating or cooling system
BF#22265
KRECZREESNER 5 IR

Building Services - EHi&®F
Heating Consumption = 0 kWh/m2/a. KBZEEFE = o kWh/m2/a
The heat sources in the building are: E A ZRILIE :

« People with 80 W/person ABI&ZBIFAZ: 80W/A

«  Office Appliances YN 4
Temperature stability through thermal mass @I & #iFIEHEERE T
Ventilation through windows via smart monitoring & & M15 & FiE /X )

Building Construction - EH %4

U-Value Wall 0.13 W/m2K (76 cm brickwork)
SRR RRY 0.13 W/m2K (76 [EXKER)HE)
U-Value Window 0.63 W/m2K

B ERARY 0.63 W/m2K

Room heights of at least 3.70 m
FEESEZED 3.70K

Costs and Energy Consumption - f{ A 8ER;HFE
Costs 1000 m? (average costs for Austria)

1000 FERARA (B FI A AN)

Source: Baumschlager Eberle, Architektur + Technik 11



LCT One Wuppertal
Institut

Passive House Wood-Hybrid Pre-Fab Building System
AREHRZRS
BHXEEER-EGEMAGTABRRSE

Voralberg, Austria - B FI$EHL /R 114#&

Type of building Office L
i B 4 I
Treated floor area (TFA) ca. 1765 m2 | | '
&2 HEEFR 291765m? i SISES
Building volume ca. 8074 m3 i ’-ﬁ !
BIASH 238074 m? j~ I A
Year of completion 2012 ——
% T {7 2012

Source: Photo: Norman Miiller, Hermann Kaufmann ZT GmbH

HHER : BH: Norman Miller, Hermann Kaufmann ZT B3 B R/ & .



LCT One
Passive House Wood-Hybrid Pre-Fab Building System

AEHRS
BHABEEEREKR-ESEMASKEARS

Building Services - BHi&&

Primary Energy consumption 117 kWh/m2/a
— REEIREFE 117 kWh/m2/a

Heating Consumption 11 kWh/m?/a.
RBEHAE: 11 kWh/m2/a

Ventilation system with heat recovery

#EE X RSt

Building Construction - R4
U-Value Wall 0.11 W/m2K

BRI RE 0.11 W/m2K
U-Value Window 0.76 W/m2K

B RERRE 0.76 W/m2K

Costs and Energy Consumption - fi AT EETRH5E
Costs 1417 EUR/m2 A : EF H1417 BT
The total project costs amounts to 2,5 million Euros.

I B B AR 250 5 BT

R #43KR  Photo: Norman Miiller, Hermann Kaufmann ZT GmbH

Wuppertal
Institut




Passive House Bruck
A Passive House in China

merR@NXEE

— M EHEMEEIXEE

Changxing County, Zhejiang Province
AT &K

Location China

Hh 11k i E

Type of building Hotel/
Apartment

it BIEINE
Treated floor area (TFA) ca. 2200 m?2
R mEFR #]2200 mM?

Number of apartments 50
NEEH 50

Year of completion 2013

% T 47 2013

¥k’ : Peter Ruge Architekten

Wuppertal
Institut
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Passive House Bruck Wu|?perta|
A Passive House in China Institut

fen@BziB - EPEMNEE

Building Services - @& &

Total Primary Energy (incl. Elec.) 109 kWh/m?/a.
—REEIRIEFE (B1EB 18R : 109 kWh/m?/a.

Heating Consumption < 15 kWh/m2/ through a heat pump

1B AR I TRERAYEHFE: /N TF15 kWh/m2

Mechanical ventilation with: HL##E /X :

HRV 75% heat recovery rate, AL E75%
60% humidity recovery rate i E A ER60%
Dehumidification is 12g/kg if needed WEFE, RESfriz2g/kg

Hot water through a solar water heater 25 Units with an area of 81.75m?2
B K PHRER KSR AIK, 2518 IT/81.75m?

Building Envelope - 5 E P

Exterior Wall U-Value 0.163 W/m2K
INEIRIR R 0.163 W/m2K
Roof U-Value 0.110 W/m2K
AR EF A 0.110 W/m2K
Window U-Value 0.85 W/m2K
BPERARY 0.85 W/m2K

% #IE B  Peter Ruge Architekten 15



Wuppertal
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Thank you for your
attention

christopher.moore@wupperinst.org



High Performance Insulation Wuppertal
(£ Institut

Polystrol with Graphite Thermal transmittance = 0,030 W/(mK)
AERRZE £3#4% %= 0.030 W/(mK)

Rigid foam epoxy resin Thermal transmittance = 0,022 W/(mK)

AWK AR = 0.022 W/(mK

Aerowool Thermal transmittance = 0,019 W/(mK)
Aerowoolf@#H A F (1R SUERIRE S )
£ ZR#= 0.019 W/(mK)

Vacuum Insulation
Thermal transmittance = 0,006 W/(mK)
(factor 10 - 1 cm =10 cm conventional insulation)

% %43 8 Frauenhofer IBP, Rockwool

17



Wuppertal

Phase Change Materials
Institut

HTHH

—With PCM

%
\ —Without PCM
\

/ Day
< &
g/ \ :
E o
g @ =
£ \ / & £
K] \ Night / @
W )

b
./

melting point

temperature

ZHFFEIR: Climate Tech Wiki, Enob, Bine
18



High Quality Windows - Triple Glazing
ZRHIE

« U-Value < 0.8 W/m2K

« Uf{E< 0.8 W/m2K

*  Double low-E coating

«  BESFATRE

* Argon filled

- RREFR

*  Low conductivity spacers

- BESHMEREY

«  Double gasket (for airtightness)
« WEHB(CHREM)

* Frames ,thermally broken®
 Ugp=0.57W/m2K

*  Ug=0.57 W/m2K

* Spacers ¥ = 0.03 W/mK

- REYY =0.03 W/mK

ORI W 3h=CE EMFS AT (Passive House Institute)

Wuppertal
Institut

19



Thermotropic Shading Systems Wuppertal

MBGEPH R % Institut
w7
(1E:R)
N
N
=
' 4
' 4
BMEEEY
REIER

ZklkiE : Frauenhofer IBP

20



Thermal Bridges Wuppertal
R Institut

TR #i s RIS T (Passive House Institute)

21



Air-Tightness \I’r\nl:t?&irtal
S#EH

HFEIE: Lutz Weidner, #z1= B E#H ZL AT (Passive House Institute)

22



Heat Pumps Wuppertal
T Institut

FRQH WATER INLET HOT WATER CAUTLET

ELECTRIC HEATER
OPTINAL)

= HOUSE/APARTMENT
[FRESS IR TED WATER TAt 4
(INDOOR UNIT

ALTO HEAT PUMP
{OUTCOOR UNIT}

% # 3i8 : FPH (2012), Viessmann

23



HRV Systems Wuppertal
Institut

N EIEHRV

HRYV System and casement window

TRk #3025 ZE (Passive House
24



Importance of heat recovery Wuppertal

A EEE

(kWh/m2.a)

]
I

TR

% ¥4 3R - Handel

240

200

160

120

80

40

AN

210

Institut

B aEsnEs
BN AER (TS5

ALBFRK
(B EHFNZHIRK)
B AFR

PRI

ByfFE

, 2011

EBET19844 EET19954
ZHMEBEE ZAMEE

25



bigEE Climate Zones for China Wu|?pertal
o Eek Institut

S& X LEB ULEB nZEB PEB
i) 130
m =T (i) 80-40 KWh/m? _yr  40-20 kWh/m?,_yr  20-0 KWh/m? _yr  ++
R titl:y (BINALTR. £  go40kwhim?yr 4020 kWh/m?_yr  20-0kWh/m?,_yr  ++
RAFELE  (BIa0ZEY) 150-100 kWh/m? _,yr ~ 100-50 kWh/m2__yr ~ 50-0 kWh/m2__yr  ++
UoxmATE  FER 100-50 kWh/m?,_yr ~ 50-25 kWh/m?,_yr  25-0 KWh/m? _yr  ++
Source: bigEE

26
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Back-up



Examples of EU low energy building levels Wuppertal

BRI {E HE #E 2 TR /K T RO F Institut

Austria Annual heating energy consumption below 60-40 KWh/m2

B8 1t 1] 4F B R B REFEIE T 60-40KWh/m?2

Belgium Low Energy Class 1 for houses: 40 % lower than standard levels,
Very low Energy class: 60 % reduction for houses,

LEHIRS B 1R REFE R B B T AR A K F40%

AR EEFE K B 60%

Denmark Low Energy Class 1 = 50% lower than standard levels

REF1RIEEEERETIRAEKFE50%

Finland Low energy standard: 40 % better than standard buildings

o= R REREAR A IR T ERAEKT40%

France New dwellings: less than 50 kWh/m2 (in primary energy).
(40 kWh/m2 to 65 kWh/m?2

EEF{EE 50 kWh/m?2 (— REE]R)

(40 kWh/m2ZE 65 kWh/m2)

Germany Between 60kWh/(m2e<a) and 40 kWh/(m?2e.a)

Passive House = ca. 40 kWh/(m2.a)
£E : 60kWh/(m2.a)#140 kWh/(m2.a) Z [g]
WX EE = 9940 kWh/(m2.a)

28



Ultra-Low-Energy Buildings Wuppertal
HBIEREFEER Institut

Germany (among others)

FE (RH )

PassivHaus (#zi=XERE) PHI 1991
Plusenergiehaus (IEREFEEE) Disch 1994
Nullenergiehaus (FREFEE=E) BUW 2008
Niedrigstenergiehaus R EEFE R E) EPBD 2010

Effizienzhaus Plus (EEEEEE) DENA 2011

S =

. i e TR e

g

% Effizienzhaus

BHER e

29



Comparison of U-Values

Wuppertal

U1Et|.’. 5 Institut
EnEV 2014 TEEFEE 70 THEEFSE 55 WX E=E
ETRUE <0.20 <0.18 <0.15 <0.12
(W/m?K)
B RUE <1.1 <0.90 <0.90 <0.80
(W/m2K)
ERUE <0.28 <0.24 <0.21 <0.15
(W/m?2K)
~HIRS 2T BRI IR AR IFRL AR IR
+ KPABEFAIK 25 + KNPHBEFAIK 25 + KPHBEFAIK 25 + KNPHBEFAIK 25
18 X BRBEXNSEZEME YIWEXPSZEMER IR EIBER JIEEiRE RoE

e

% S Z MR

RS2

30



Reference building according to EnEV 2014 Wuppertal

- Residential buildings Institut
TRERBI20148EEH

/ PRFSRG
APEAEFAIK

- EEBR

EIn
U = 0,20 W/(m?K)

B
U=1,3W/(m2K)G=0,6

AR
U = 0,28 W/(m?K)

E iR/t T EXTE
— 1R
U = 0,35 W/(m?K)

y —

U= 1,8 W/(m?K)

- - AERRPERR
T . ssusC
U = 0,35 W/(m?K)

Source: Energieagentur NRW
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Reference building according to EnEV 2014
- Non-Residential (Troomz 19°C)
HREEBI20145ERH

- FEEERH (ERNRE219°C)

ETn U = 0,20 W/(m2K)
il N U = 0,28 W/(m2K)
Hh R =LK U = 0,35 W/(m2K)

Cellar Ceiling U = 0,35 W/(m2K)

(unheated)

Window U = 1,3 W/(m2K)
g=0,6

ZIAMEAEAR (RIEERAPHRS)
KIAgES ARG (ERKFREMERT)
E i e R

IAF

e BA 422 il

55/45°Cia S SR B

Source: Energieagentur NRW

Wuppertal
Institut
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Insulation cost effectivity Wuppertal

FRAR AR A R Institut

16

14

12

10

N

N

0cm (U = 1.41) 12 cm (U = 0.24) 24 cm (U = 0.13) 36 cm (U = 0.09)
" BRIREA Investment Costs %% AL A

TR #i s RIS T (Passive House Institute)

33



Air Tightness Wuppertal
SEH Institut

s (AR

%$ 3 Pro Clima

34



Cost effectivness and priority Wuppertal

RLA R R 4f et Institut

RRA 4 FIE 1737 &

ESHNSE
wWEI it
AR v
W HRE 1
iy I =
AL BIFRFA
FR LK PR TR v
TCIRAT
SEHM4
WEHE, KENE
I IE G AR
= EEARE P v
TR AR
AR PE&E (7K)
WA B EE Rt RE v

AN

AN

SIS S

AN

AN

m*—l'aklﬁ EIBT HEE R blgEE

35



Cost effectiveness and priority Wuppertal

RRA R R 4f et Institut

D# N FEmE ik

KRR SUE
N
B EIIRIT
B )0 AT
&} &7 2 PE B2 22 3 1 P
[ 538 A
FERERIHAR
B EERAIBEA
HREM R v
FHNEN (F&1%11/BIPV) v
FERNSARE GEHEER)
iy B 2R A zlE X

SININS

<

ANIAN

FEAEIR : ElFreEIRZ . bigEE
36



Energy Consumption Levels

Wuppertal

T REIK Institut

E5H Pk 0] KIFNEE KT E
HlinEiE Hlandt =/ ks HianzR
KWh/m?2 e, yr KWh/m2,yr KWh/m? eayr KWh/m2,yr

LEB 40 - 80 40 - 80 100 — 150 50 -100

ULEB 20 -40 20 -40 50 -100 25 -50

nZEB 0-20 0-20 0-50 0-25

PEB ++ ++ ++ ++

(TFA: ACFPIEEHAR)

Recommended primary energy consumption ranges for heating, cooling,
dehumidification, ventilation, and domestic hot water in new residential buildings

37



Costs of energy efficient buildings

T HEB R RLA

Wuppertal
Institut

s== BEAE
=== BEIRRA
—— SR

k =Tk Hit ==t B
15,000 — H FretERGENEREE
n IR R AT H
‘ —
h BEREER
12,000 = W ERAERE
|E \ :‘\‘
= L\ AR
¥ 9,000 — \\ E\ .
] ’ v RN
&’ \s N >
Ad E \ s
4‘4’, \\\‘ \\ ~ A ———
Y ~....
%E/ 6,000 - \ ‘E \\ ..---- --------------- _)’\”
\ R N -
\ - ””
ﬁ‘ S ’/”’
3,000 = -
””” \\\ -~
”” ~~~~~
- ~—
” —____-.
10 20 30 40 50 60

BREIR : w2 m E W5 (Passive House Institute)

HRIEE £ {HkWh/(m?2a)
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Cost Optimality \|Nu|?perta|
ﬁjugﬁtﬂ: nstitut

350 o 199ERE: IREE,
REEBHIBFERAMEAFTIZHMILRE

® Gro-UmstadtiIPH : 2L BB B AL A

300 < Wiesbaden®IE & =

HEE A P HIE P R EMERME

Wuppertal, Stuttgart, Hanoverfd3E & &=

250 4 © Darmtadt®i#EE 80BXTT/F A K

BFREN G LHTF R KRN S

~ 200 -

S

e,

150 4

lat

o’

Y

b

£ 100 4

1y

=

=2

= 50

=
O . . . : . : : . . . . : . . . . . : . . '
O o Voo o P o g o0 H P o g &H P> H P &\ e P O
S R A G S

BHRER: w85 EW 5T (Passive House Institute)
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Solar Village Freiburg Wuppertal
5B i EARPHREF £ Institut
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Plus Efficiency House Wuppertal
“J__Eﬁ[%%%%)::%” Institut

Foto: BMVBS / Schwarz
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