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Whole-Building Hygrothermal
Modeling in TEA Annex 41

- Towards a hew Annex?

Carsten Rode, Technical University of Denmark

Champs Seminar - La Rochelle, France, July 8, 2008
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* Proposal for a new TEA Annex
+ -or other international cooperative project




A New Annex ?

e, July 8-9, 2008 (¢

Ongoing discussions:

« IBPSA, Bejjing (Sept. 07)

« IEA Annex 41, Porto (Oct. 07)

* Buildings X, Clearwater (Dec. 07)

* Nordic Building Physics, Copenhagen (June 08)
« Indoor Air, Copenhagen (Aug. 2008)
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Presentation Outline

+ TEA Annex 41 - the history
* Modeling whole building HAM

CHAMPS Seminar, La Rochelle, July 8-9, 2008

« What comes after IEA Annex 41?




CHAMPS Seminar, La Rochelle, July 8-9, 2008 &+

<o}
o
o
N
o
[ee]
>
=}
L)
Y
3
<
[}
o
o
(=]
-
<
[~}
£
€
Q
()
(%)
a
=
<
X
S

IEA Annex 41

Whole Building Heat, Air and Moisture
Response (MOIST-ENG)

Nov. 2003 - Nov. 2007

Subtasks:

1. Modeling principles and common exercises
2.Experimental Investigations

3.Boundary Conditions

4.Long Term Performance and technology
transfer

Past Progress

Past IEA HAM Activities:
- IEA Annex 14

- Mould criteria, analysis
- TEA Annex 24

- HAM theory, material properties,
Environmental conditions, Durability & energy.

* TEA Annex 32
- System approach
* TEA Annex 41
- Whole building analysis




CHAMPS Seminar, La Rochelle, July 8-9, 2008

CHAMPS Seminar, La Rochelle, July 8-9, 2008

Annex Participants

British Columbia Institute of Technology Canada 3 9 1- 1- 1-
Building Research Institute o Japan ° InsTiTutions
Centre de Thermique e Lyon France
Concordia University Montreal Canada
Centre Scientifique et Technique du Btiment France .
Chalmers Tekniska Hogskola Sweden . 1 9 cou n'l' ries
Danmarks Tekniske Universitet Denmark
idgensssi priifungs- und For t Switzerland
Fraunhofer Gesellschaft Germany
Glasgow Caledonian University United Kingdom
Kinki University Japan
Kungliga Tekniska Hagskolan Sweden
Katholieke Universiteit Leuven Belgium
Kyoto University Japan Japan
Lund Tekniska Hagskola Sweden
National Institute for Land and Infrastructure Management Japan
National Research Council Canada
Norges Teknisk-Naturvitenskapelige Universitet Norway
Oak Ridge National Laboratory United States
Pontificia Universidade Catolica Do Parana Brasil
Slovenska Akademia Vied Slovakia
Danish Building Research Institute Denmark
Sekisui House Corporation Japan
Sveriges Provnings- och Forskningsinstitut Sweden
Technion Israel Institute of Technology Israel
Tohoku University Japan
Tallinna Tecnikaiilikool Estonia
Tampereen Teknillinen Yliopisto Finland
Technische Universitat Dresden German
Technische Universiteit Eindhoven The Netherlands
Technische Universitat Wien Austria
University College London United Kingdom
Universidade Da Corufia Spain
Universidade Federal de Santa Catarina Brasil
Universiteit Gent Belgium
Université de La Rochelle France
University of Saskatchewan Canada
Universidade do Porto Portugal
Technical Research Center Finland

Objectives have been met by:

* Theoretical analysis

+ Computer model development

+ Application of engineering

+ Benchmarking and

* Parameter analysis and
which details are important (and which not)

Extension of
building component
simulation tools

Common Exercises

HAM
modeling

L

tools

making considerations about

Improve existing
building simulation tools
(transfer in the envelope)

7

Combination of both

IEA Annex 41 / Subtask 1 should not develop one common too/




Software used/developed
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Name Developer Main user in Annex 41 Availability Srigin Paossibility Remarks
of adding
new
components
BSim Danish Building Research Technical University of ~ Commercial program Energy Ne
Institute (Denmark Denmark
BUILDOPT-VIE Vienna University of Vienna University of Research program Energy -
Technol Technology
Clim2000 3.2.0 EDF (Electricité de France) Cenfre de Thermigue de Research program, Energy Yes Core program on
Lyon - CETHL, (France) not commercially Unix workstations
available
DELPHIN 4.5 TU Dresden, (Germany) TU Dresden Research program, Envelope Ne
commercial version
available
EnergyPlus v1.2.1 Department of Energy University College Fresware Energy Yes
(USA) Lenden, (UK)
ESP+ ICA SAS Freeware Energy ‘Yas
NPI ICA SAS [Slovakia) ICA SAS Research program Envelope Yes
IDA-ICE EQUA Simulation AB, Tallinn University of Commercial program Energy Yes The code is open
(Sweden) Technology. (Estonia)
HAMFitPlus C dia Uni [« dia University, Parsonal R h HAM whole Yes Requires Matlab/
(Canada) program (F. Tariku) building Simulink and
Comsol
HAMLAD [Heat Air & Eindhoven University of Eindhoven University of Freeware Energy es Requires Matlab/
Mo b Netherlands) Technalogy Simulink and
Comsal
HAM-Taols Chalmers University of Chalmers University of Freeware HAM whole Yes Requires Matlab/
Techn Sweden Technalegy, CETHIL building Simulink
PowerDomus LST at the Pontifical PUCPR Not ready for Envelope Ne
Catholic University of distribution
Parana - PUCPR, (Brazil)
SPARK 2.01 LEPTAR, University of LEFTAE Freeware Energy fes Possible couplings
La Rochelle (France) with EnergyPlus
TRHNSYS 16.00 University of Wisconsin, University of Gent Commercial program Energy es Passible coupling
Madisen, (USA) (Belgium) PUCPR, with COMIS
CETHIL
TRNSYS ITT Selar Energy Lab TU Dresden, Germany Research program Energy Yes All features af
{University of Wisconsin), TRNSYS available
TU Dresden. (Germany)
WUFI-Plus Fraunhofer-Institut for Fraunhcfs itut for (= ial program  Envelop Yes
Bauphysik, (Germany) Bauphysik
Xam Kinki Univarsity, Japan Kinki University, Japan Personal product by Energy No Personal use by the
A lwamae author
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Common Exercises




Common Exercises

DTV, Denmark
moisture interactions between constructions and indoor climate

IEA SHC Task 12 &
BESTEST

CHAMPS Seminar, La Rochelle, July 8-9, 2008
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CE1A Case 0B: open indoor surface
NUMERICAL RESULTS
Indoor Relative Humidity
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40 +

30 +

Relative humidity

20 +

10 -

#13
= gnalytical solution

Hours

Numerical vs. analytical calculations. Isothermal. Monolithic construction with open surfaces.
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Case 600_0B
Indoor Relative Humidity

80 —#1

70 - Tee#2

#3

S 601 -4

£ 50 | — - - #5

Z — — #7

3 40 - #8
()

2 30 #9

K —# 10
[0)

20 #11

10 | —#12

#13

0 T T T --=-=-#14

0 6 12 18 24

Time [h]

Analytical calculations. Isothermal. Construction surfaces are open.

CE1B Case 3: Varying indoor Temperature, with radiation
Indoor relative humidity

Aday in July
80 #1
—#2
70 - 83
60 - #4
2 #5
S 50
z ———-#6
20 eee#7
2 #8
g 30
g #9
20 ———-#10
------- #11
0- #12
0~ ‘ ‘ ‘ #13A
0 6 12 18 24 # 138

Hours

Numerical calculations. Varying indoor temperature. Monolithic construction. With solar gain.
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Analytical solutions
- Moisture in rooms

relative humidity
075

Construction —e
0,65 ]
Room
. Y, w(x.t) "
LG O hw . ()
C l ' '3 045
c, G
0.35
G(t)
0.25

o 2 4 [ B 10 12 4 18 W 20 2 M
time hours

Solution without moisture transfer to the construction

G G n(t—
cilt)=ce +ﬁ+[cio—ce —WJ-e M) p>

Solution with moisture transfer to the construction

e

Bednar & Hagentoft

c (t)—

Common Exercise 2

Based on experimental data from climate chamber tests
at Tohoku University, Japan. The tests had known wall
claddings and air flow conditions.

Polystyrene 100
-~ Aluminum sheet
Plywood 6
Hygrathermal material 5.5 .

ypromsrmal maleals, 7061 O sealtaben ol
Wall section :
Cose 21 ol walls, cading, fioor
Case 2.2 L
Case 23 one side of volls
10
§ Case 24 3 sars of waills
Outlet 51 ase 25 arg
ase 26 non

To wind tunnel| |!

P
=
=]
=]

[mm] Time ()
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CE?2 - Some Results

Temperature [°C]

2 0,014 T T T :
0013 F----- Loeee R L_ Case2-3
24 4 ‘S ' ! ! ! l
E > r r r
2
23 4 >
1 b=}
22 £
T
Q
21 4 5
] 2
[ F=
20 4 <
19
- 6 0 [ 12 18 24
Time [h]

Figure 44.8  Comparison between measured values and simulation results (Case 2-3)

Common Exercise 3

Based on double climatic chamber tests carried out by the
Fraunhofer Institut fiir Bauphysik, Germany, using fwo
identical chambers with different cladding materials.

foil faced test room reference room
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Common Exercise 4

CE3 with RH controlled ventilation

RH1 = 25%, Q1 = 10 m'/h, RH2 = 60%, Q2 = 40 m'/h.

CHAMPS Seminar, La Rochelle, July 8-9, 2008

=»

Air  flof

Q2

Q1

RH1 RH2 Relative
Humidity (%)
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CE 4 - Power Demand

OAv. Const FlMaxConst B Av. RHC Max RHC

1400

1200
g 1000
o

Power deman
[=2]
(=)
o
1

Common Exercise 5

CHAMPS Seminar, La Rochelle, July 8-9, 2008

CE 5. Based on data from a real life row house located in
Belgium. With some known indoor climate/moisture
problems which also involve effects of adventitious
airflow.




CHAMPS Seminar, La Rochelle, July 8-9, 2008

CHAMPS Seminar, La Rochelle, July 8-9, 2008 |

Concordi
exercise.

Common Exercise 6

ENVIRONMENTAL e
CHAMBER = - 6.0 - ~ # Inlet A
[ i
COLDBOK | o Second floor
Baffle | y | . - /"E“;E‘--I §
. & L
| E | _@}‘g Opening X ‘
Y @ 7 Dutiet
=10 v 7 Iniet West
ok =
K
181 .
| | 43 | EasiT)
AN & COIL o Outiat
. I, ﬁ First floor X
Sei/ |k ‘ﬁg‘cﬁ = 244
3.62

Objective of the experimental study:

* to generate reliable datasets to advance the understanding of the

whole building response to heat, air, and moisture (HAM),

¢ to validate ongoing and future numerical models

12
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Internationa) Energy Agency

Executive committee on Energy

Conservation in Buildings and

Community Systems

A critical review of
past/recent activity

* Good in 1D diffusion modeling

* Now getting better in capillary moisture
analysis

- Very limited in air flow modeling
(Fundamentals, System, and Sub-system
effects)

« Very crude in whole building
* Crude in TAQ modeling

Achilles Karagiozis at IEA Annex 41 Closing Seminar, Lyngby, June 19, 2008

14
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A New Annex ?

What's next?

More ofthe-satve—

Emission & TAQ modelling
Surface chemistry

Durability

Stochastic analysis

Risk assessment

Generation of “"damage functions”

Impact of climate change
Buildings for developing countries & their climates

A New IEA Annex ?

- Energy !/

Internationally coordinated national initiatives (e.g.
national centres of excellence)

Industry funded activities
EU-funded

Combinations...

15



Background of New Annex

Existing models allow for the prediction of several aspects related to
climatization of buildings including energy performance, building physics,
thermal indoor climate, and to a limited extent indoor air quality.

- Integrated Design

IEA Annex 41 one Whole Building Heat, Air and Moisture Transfer is coming
to an end by the end of 2007. The FFOJECT has been successful in stimulating
a lot of new integrated model development on the building physics side.

New endeavours in indoor environmental research and knowledge on the
impact of materials (emissions) on the TAQ...

There is a strong need to link the building physics activities to the IEQ
activities.

Prospect (in terms of energy and sustainability issues):

It is necessary to tie in this knowledge in order fo reach towards future
goals of passive / near zero enerqy consuming buildings while still
maintaining good indoor climates for human activity, well-being and high
productivity and learning.

CHAMPS Seminar, La Rochelle, July 8-9, 2008

Combined Heat, Air, Moisture &
‘Something”

+ State of the art
- HAM
- VOC emissions
- Durability
- Energy
- Sustainability
- Impact of climate change
+ Further research needs
- Refinement of mechanistic models
- Integration of current knowledge
- Data
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* Scope for research
- Application, modelling tool and targeted fundamentals
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December 2007

Towards 7 futupe collaborative Project - TE4 Angex

Dvcusgsnt basod on g sa W,
25t Corl B Hagy
Fosnigi)

reposa;
Risie Assassmont o Buitding Fhystes Forformance (RABPP)
- Risk dssassmang iy Whole Building Environmenta Engincering
- TWhole Building Risk sassamans Tnols

Efforts of efierpy etlicietey provement of the existing building stock: g Erecting new Jow energy
buildings wilf be JMmEIons in the near funre. It1s of ereat Inrportance ro teduce the ficare needs for
heating (ang cooliug). reduce the CO;-emissions g Pproach more sustzingbla budddings and saciety.
The exlsting building stopk Tepreseats z mapm part of the tota] wealy 10 couwntizies and should nyt be
cowprotiised by jnproper technigues tiat vyl jeag 10 bad irvestmery, deterionating msreaq of
UBProving the quajity of builéings. New ang FXISHNE single- famity horssas, aparment bouses,
industrig] nshmttonal and Zovenmmenra| buildings are all w foeys,

From the early 19705, eIy often the reduction of e SRergy demand has been g focus. Additions]
thermal inswlation of building Somponents, air tighmess of windews yrew windows are exanples wherg
it can go VY Wlong. that is, if jt i 00t conthined with 5 bhygrotherna anaiysis showing the
consequences for mojsiyre salety and indoor air @slicy. In a hygrotherma; anafysis of 3 building ang
1Ts components, the ai Pressure diffefences ang aj WoVenients that CCCUL, st be conpled to the heat
and moisture foys, Togetiter these tiyes coupled physical processes (HAM: Heat, 451 Moisturs)
Sredie lemperatire and morstyge conditions in the ropms abd structures. Frop, this, together with
IpIoper choige of materials, pessible lack of durability, moulg Erowih and poor indagy air quality
mighe follow. Aleq the purpose of the TISTTNIR, Le. Tedlicing the ergy demangd, cap faif

Waork in [EA Spnnex 41 prves us pew Possibilities 9 predyei he Intesrated hygrotherma] performance
of whale buildings. A furye callaborative Project will harvesy on these ney analytical possibilities i
arder to provide energy efficient, digable buildings with £ood indoor environments forthe fitare. The
=cope wifl be for new as wel] 25 for ramofitted buildings: For SeRIISICE), Wstitutiona] ang far
Tesidentiy] butldings. The yeegt for such 2 project is 2ccenmuated by the societa] ngeq for hj

efficient buildings When we wake fiture pev energy. in

1t I dmportant shat diey ars just as g
Wwould be if qght SULIZY tonservatin

Still, there are quite a number of Uncertaingjes ivelved wheg youlock 10 how the bmld.mg? Teally
Perfomt There is 3 Jot of Stochastieity involved i areas such zs,

*  material apd tomponhent perforuance

* useof buildings

* climatic exposyre,
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« Whole Building Environmental Modelling

(Whole BEE)

Whole Building
HAM models

17
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{ Whole Building Environmental Modelling
(Whole BEE)

Whole Building o
HAM models

b Whole Building Environmental Modelling
(Whole BEE)

VOC emission &
TAQ modelling

Whole Building e
HAM models

18
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' Whole Building Environmental Modelling
(Whole BEE)

Stochastic
analysis

Whole Building o
HAM models

Need Multiple Annexes

 Statistical Analysis < Indoor Env. perf.
* Risk Assessment * HAM

* Fill in the gaps * VOC / Surf chem.
ENERGY ENERGY
Input coordinated by: Input coordinated by:
Prof. Carl-Eric Hagentoft, Assoc. Prof. Carsten Rode,
Chalmers Univ., Sweden Techn. University of Denmark
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Possible Funding / Framework

* |[EA (nationally funded)
e EU
* National research foundations

20



