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PE#HENTVER T — FEEL?

B FHS BAE KRR RIIEMAIFRTAIChristoph Mitterer, Hartwig Kiinzel, Florian Antretterf1Sabine Lamprecht

RIS R

,Made in Germany” is very popular in China and rec-
ognized as proof of quality. However, German ap-
proaches cannot always be transferred to other re-
gions and cultures without adaptation. The German
Passive House Standard for instance is such a German
development which attracts more and more atten-
tion. Its principles support China in moving forward
towards energy efficient buildings, which has already
been demonstrated in many pilot projects. Yet, de-
signers need to be aware that the methods, that are
developed for and commonly used in Europe, may not
be adequate for the greatly varying building practice
and climate conditions in other countries.

The North American Passive House Institute (PHIUS)
learned through practical experience that buildings
which are designed according to the classic passive
house standard still have a number of shortcomings in
some US-American climate zones:

e Due to the different architectural traditions and
other energy-cost structure in USA, the investment
in high-performance insulation and other passive
measures pays off more slowly than for example in
Germany. Thus, acceptance and application tend to
be lower.

* In hot and humid climate the energy-saving build-
ing style often results in uncomfortable conditions
and sometimes hygienic problems due to insuffi-
cient dehumidification.

e Designing heating, ventilating, and air conditioning
(HVAC) systems based on standard passive house
calculations may underestimate the effect of daily
load variations.

In various climate zones, hygrothermal assessment
is a critical necessity: Improper hygrothermal design
can quickly lead to catastrophic failure in the building

"RERNE" EPEIFEZREABIANERERE.
RMEERTTENRAEREH RS, LA E
B INtbA AT EAtt st XA AL 2, BIaNFEERIME
BEREREXF—MEREZ R TR EES. B
HRNEFPERTRERREE  XERSNAI
BEBELAESE, 22T IR ERRE] , FEEM
REFBITRIS AT REA—EE AT RMMERS=
FERUR RSERAN SRS

=W B EM T (PHIUS ) BIS LA TR

3, IR S AN B E AR IR T RO U PATE SR E —

LS R XIS TR -

o BT EERENERERMEMMBERKRALE , X
Bt RERAEMEMKENE RIRERIRERIREE
RENFFENEE. AL, WaNBEEZENN
FRAEEEEFERIR.

o BASERNTEERNSESSEAENER, B
ARSI HIBRESS A PAEA-.

Heating Demand

Specific 10,9 KWhim2a # ‘ | | ‘ '\/
1] & 1o 16 20 25 20

total 938 KWhia

peak: 4 kKwhim?®

Cooling Demand

specific - sensible 8,9 kWh/m®a * | ‘ | | | ‘ \/
1] L 1o 16 i} il 20

total - sensible 217 Kwhia

peak- sensible: 1.7 KWhim#

latent: 64  KWhim2a

Heating Load

Specific 9.8 “W/m® ‘ | ‘ '\/
0 & 1o 15 20

total 847 W

Cooling Load

specific 5.1 WMm? M ‘ | ‘
i 5 10 16 i

total 440 W

Primary Energy

Specific 106  KWhim=a # ‘ | | ‘ *‘/
i I T R TR TR

total 9088 Kvwhia

Air Tightness ACH50 06 1/h
— | | | &
o 0.2 04 0g [18:3 1 12

Passivehouse certificate criteria for Europe

BRI BBl
Source / E-FE: Fraunhofer IBP

Page 10/ 5103

June 2016 6 8F!



structure. With high solar radiation, the lack of com-
fort assessment is also a significant issue which has led
to serious overheating problems. Experiences show
that a purely energetic consideration is insufficient to
obtain buildings that are not only energy-efficient but
also comfortable and permanently damage-free and
resilient under extreme weather conditions.

Institutional players and authorities in China are
aware that adaptations to the local requirements are
necessary and thus they are working on appropriate
standards for passive houses in China. Not only the re-
vision of climate-specific building energy performance
targets is challenging, also the computation method
should be reviewed. The commonly used methodol-
ogy for the energy concept design of Passive Houses is
the static monthly balance calculation method. How-
ever, it neglects some influences which do not affect
very much the performance of buildings in cold and
temperate climates, but which might have negative
effects on the building performance in various parts
of China with hot and humid climates.

Static calculation methods with limitations

The monthly balance-based method as it is for in-
stance described in the DIN EN ISO 13790 (2008) norm
depends strongly on overall heat transfer coefficients,
temperature difference, and considered time periods
for heating or cooling. The underlying equations de-
scribe the monthly averages of the thermal losses or
gains through the building envelope with air-exchange
and the internal gains and losses. As depicted in the
upper semicircle of the diagram, static monthly en-
ergy balance calculation methods allow primarily as-
sessing the performance of a building design in rela-
tion to the exchange of heat, air and solar radiation.

For an estimation of the total annual heating demand
in moderate climate zones, this monthly method is
often adequate. However, when it comes to hot and
humid or mixed climate zones not only heating of
buildings is relevant but also cooling and dehumidi-
fication need to be addressed. Buildings with very
high requirements on comfort, energy efficiency and
sustainability may not be appropriately designed with
static calculation methods. They lack the ability to as-
sess certain dynamic factors of the energy balance
such as storage effects or ventilation profiles that oc-
cur under real conditions. For instance, it is impossible
to assess the thermal time lag and related overheating
in summer.

cRUEBTHRERNBEEHEN ZNEET A
(HVAC) 2GRl gE Rt AR RIS,

EARNSEXE , ERFEE— MO ENXRER
= AEERRIT AT RSN A SER RESERIR
MR KRR EH , RZFEETEBEE—1
SEENETE , 2SBTERT AR, ZIRIFPL
HRERAYE ERELUMEEERANTEE, MEEFE,
BRERERSFH TRABEXREFDLESR.

FERATAEREEH BRI, ELe(]
EFEESFENEIBRERE. ERPRERNRR
RETARSREFHIZR TR, BB SHITE
73k, B ETRERITERERNT AR EHIA
FEITRIE AMERR T —ENRRRBEISRK
HERTEFMAKNK, EXNPERSERAIRXA
ERTEEE R AEFINRIEE,

BRIRMENFHSITEGE

B & REMAGE, LIEDIN EN ISO 13790
(2008)tRAERBI A, SBEUKFR T RUAMERREL, 1B
EE , HEEMHENGISHONE, EASERATE
RAMEBE I FNIPRAVIAR IR KR EHIREUR
WEBHURLFIAIREN B FSE. IEN TNEFriES
B EFNE  BSHRREEEITEEITEEIR4E
RIZTTROX TR, =S KRESTaIERE.

Ay
Uopes®

Comfort
Carbon Footprint
Cost effectiveness
Resilience

%, :
“rialm o

Principles of passive building design
BTG TR
Source / BIS-FE: Fraunhofer IBP

BERENEMSERRNEFRAER, XMATEEERE
BT, AMABTRIEAMKERESSIREK , A

June 2016 687!

Page 11/ %117\




Energy

AHK Greater China

econet monitor

There are considerable limitations of static monthly
balance methods, especially for building design in
mixed and hot and humid climate zones:

e Static calculation methods are clearly limited in as-
sessing cooling loads and cooling demands as well
as related dehumidification requirements accu-
rately. In those cases, dynamic simulation should
improve the design by assessing thermal time lag
more accurately.

e Solar radiation generates frequently comfort issues
such as overheating in the shoulder seasons. Con-
tinuous comfort cannot be ensured based on static
calculations.

e Static energy balance methods are unable to ad-
dress moisture control in energy efficient buildings
and building components. The appropriate enve-
lope design for different climate zones from very
cold to hot and humid requires distinctly different
approaches regarding air tightness and moisture
control layer within building components.

e Multi-zone modeling with interaction of the zones
of more complex buildings such as a mixed-use
larger building is not possible.

Dynamic hygrothermal whole-building simulation

As depicted in the lower semicircle of the diagram a
professional building simulation should also address
the dynamic behavior and the moisture management
in building components and rooms. This is especially
important in climates where cooling and dehumidi-
fication of the indoor air play an important role. Dy-
namic heat and moisture processes in the building and
in building components influence the energy demand
as well as comfort and durability qualities. Effects of
thermal inertia need to be taken into account as well
as moisture buffering. The common static calcula-
tion tools ignore hygrothermal interaction between a
building’s interior and its envelope. The more detailed
consideration of dynamic processes in a dynamic hy-
grothermal whole building simulation aims at further
reduction of the energy demand, elimination of limi-
tations in indoor comfort (overheating or overcooling
for example) and avoidance of possible damage.

In addition to accounting for the thermal response
of buildings and building components it is necessary
to also understand the moisture conditions and the
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effects of humidity. Long-term exposure to high hu-
midity can cause damage in building components, and
also significant health problems may result from mold
growth on humid surfaces. Furthermore, hygrother-
mal whole-building simulation allows a detailed de-
piction of user behavior while common static tools ne-
glect cultural and climatic differences by using average
values. Dynamic calculation methods allow designers
to compare different building concepts for mitigation
of humidity problems already in the planning stage.
Moreover it is also important to consider the dynamic
assessment of thermal protection for summer condi-
tions. Since simulations are based on user-specified
climate and on user-defined ventilation, HVAC and
internal loads, the simulations can accurately predict
the situation at hand.

PHIUS combines static and dynamic hygrothermal
calculation

In March 2015 PHIUS+ 2015 — a climate-specific pas-
sive building standard for North America — was devel-
oped as the result of a research project conducted by
PHIUS and its partners supported by the U.S. Depart-
ment of Energy’s (DOE) Building America grant. The
new standard yields ambitious but attainable climate-
specific building energy performance targets that sub-
stantially cut carbon emissions and energy consump-
tion in buildings that provide superb comfort, indoor
air quality, and resilience.

Designing such buildings requires specialized design
tools to achieve targeted performance and quality as-
surance. The tools must enable the designer to meet
the energy performance criteria of the envelope and
the appropriate mechanical systems and — critically —
to guarantee proper moisture control performance of
all systems before the detailed construction design
phase. The hygrothermal analysis reduces the risk of
potentially catastrophic design flaws, thereby reduc-
ing the risk of moisture related problems for design-
ers, builders, and building owners.

PHIUS and Fraunhofer IBP jointly developed a soft-
ware tool which couples the balance-based method
currently employed to design passive buildings to hy-
grothermal whole-building simulation software. Using
PHIUS data and expertise, developers at Fraunhofer
IBP were able to produce a simulation tool suited to
North America’s large variety of climate zones. The
comprehensive output of simulations enables the
planner to determine if the building meets passive
house criteria and run further building performance
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PHIUS+ 2015 yields ambitious but attainable climate-specific building
energy performance targets
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analyses within the same software tool. While the
static monthly balance method simplifies the required
steps and the time required to design a passive house,
it might not be detailed enough to consider the dif-
ferent characteristics of all climate zones and build-
ing types. The results from a dynamic simulation are
more precise and offer a more realistic depiction of
the actual behavior of the building and its interaction
with mechanical equipment in terms of comfort and
energy efficiency. As the new created software dra-
matically improves the quality and efficiency of the
design process, PHIUS has included in-class session on
the software in trainings for Certified Passive House
Consultants (CPHCs) since 2013.

The combination of both approaches into one tool has
high potential to transform the passive building design
process also in China by making very complex pro-
cesses accessible to more design professionals. Pas-
sive buildings as well as other energy efficient build-
ings are also called Low-load Building which means
that they generally have a low cooling demand. At the
same time this represents a real challenge in climate
regions with warm and humid summer conditions.
Since the sensible cooling load is small, standard air-
conditioning systems often fail to reduce the latent
heat load appropriately. This results in high indoor
humidity conditions which pose severe health risks
and structural damage. Therefore, international ef-
forts have started to solve this problem by adapting
HVAC design based on the analysis of the dynamic hy-
grothermal behavior of the building envelope and the
interactions of the user.

Problems with the latent heat load are one example
that may be overlooked by the classic passive house
design. However, this is not the only issue facing static
design methods that work with monthly averages of
the outdoor climate. As soon as the outdoor tempera-
ture gets close to the designed indoor temperature or
swings around it, the building’s thermal storage ca-
pacity and to a certain extend also its moisture buff-
ering potential have great influence on comfort and
energy demand. This calls for a detailed analysis of the
building’s performance which escapes static design
methods. Therefore a revision of the current passive
house design method appears to be important to as-
sure good passive building design in the large variety
of Chinese climate zones.

Further information about hygrothermal whole build-
ing simulation and climate-specific passive building
design is available at our website.
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PHIUS and Fraunhofer IBP jointly developed hygrothermal whole-
building simulation software
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For additional information about the building simulation software
WUFI® Passive please visit www.wufi.com.
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