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Summary

In order to gain access to the energy use in offiglings, the German Federal Ministry
for Economy launched an intensive research and dstration program in 1995. In
advance of the 2002 EU EBPD (Energy Performanceddue) a limited Primary Energy
Coefficient of 100 kWh/m?a has been postulated agoa for the complete building
services technology (HVAC + lighting) for all denstration buildings to be supported.
Another specification was to avoid active coolingasures within main parts of the
buildings. Techniques like natural or mechanicghhiventilation or heat removal by slab
cooling with vertical ground poles were appliedwad| as earth-to-air heat exchangers in
the ventilation system. An accompanying research g&tablished to keep track of the
results and lessons learned from 25 demonstratidditgs realized and monitored until
end of 2006.

In comparison to the building stock the energy ocomstion of the buildings is
significantly less and even lower than many othestlpractice demonstration buildings
monitored in Germany and Europe. In some casedirthie was exceeded because of
unexpectedly high consumption for heating or eledighting caused due to the building
concepts while others could have been adjustednbymgroved energy management.
Calculation results will be discussed with resgeatnonitoring results for detailed energy
services such as lighting or ventilation. Threetla# projects enter the range of a zero
emission building by the combined approach of itaky reduced demand and more or
less equivalent credits by the use of renewableggne

As one outcome this paper summarizes the enerdggrpence of a selection of
characteristic buildings together with an overvi@m the summer thermal comfort
situations achieved. This work will proceed durihg next five years. Another result is
that a higher quality of energy and comfort buitdperformance will not necessarily cause
extra building cost when the project has been mdnrarefully by an integrated design
process. Future results and building data can baldaded from: www.enbau-monitor.de

Keywords: Office buildings, energy efficiency, monitoring, gs&ve cooling, thermal
comfort, user behaviour, integrated design
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1 Introduction and Background
1.1 Energy Use in Office Buildings

Numerous office buildings of the eighties were dgeed to isolate the internal conditions
from the outdoor climate as completely as possilde,the cost of high energy
consumption. Thermal and visual comfort as welltlas air quality is guaranteed by
extensive technical building services for heatwegtilation, air-conditioning and lighting
(HVACL). High investment and operating costs areegted to ensure that it can control
even extreme indoor conditions caused by generooslgven totally glazed building
envelopes. In combination with the space demandwoing for communications
technology — double floors, suspended ceilingsis- @uite common to occupy 20 to 30 %
of the building volume for technical services spleThe main share of the electricity
consumption is due to the HVACL facilities and tmthe office equipment.

Despite the heat generation associated with etéggtrconsumption within the
building (internal heat gains), the space heatieghand in Mid and North European
Climates is still dominating the overall energyuiig due to the high proportion of glazing
and the high air exchange ratégy. 1a gives a qualitative impression of a typical energy
consumption profile as a function of the outdoonperature, the so called ET- diagram. In
addition to a base energy load which is independgttie weather, there is a contribution
for heating and humidifying below the balance terapge, and for cooling and
dehumidifying above it. The balance temperaturgeitned by the outdoor temperature at
which thermal losses are balanced by the intemm@dlsalar gains. The base load is mainly
caused by office equipment and the idling consuomptf building services technology.
The waste heat associated with the base load sffdwet position of the balance
temperature. The higher the base load, the lowéneisbalance temperature. Due to the
decoupling of the room air from the building massuspended ceilings, double floors,
lightweight walls — and the maintenance of constadbor conditions throughout the
whole year, there are hardly any days when themeigher active heating nor cooling
demand.

1.2 Thermal Comfort and Health

The diverse technical approaches to achieve a goddor climate were often
accompanied by complaints from office workers abmany types of discomfort and
dissatisfaction, which are summarised as the "®&akding Syndrome". One German
investigation of this phenomenon, the so-calledo®ma-Project” (Bischoff, 2003),
reaches the conclusion that although buildings waih conditioning maintain an
objectively good indoor climate, they are subjesiwrated lower than naturally ventilated
working conditions by the majority of persons qimstd. The rating is significantly
affected by

= the magnitude which an individual person can deterthe prevailing conditions at his

workplace and
= the degree of maintenance of the technical sesystems.

Today an increasing fraction of office building® dreing constructed or retrofitted which
allow individuals to control their own indoor cliteato a large extent, and which replace
almost complete isolation from the weather outddmysa moderate interaction. Daylit
workplaces and the option for natural ventilatioe &ypical characteristics. However,
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a combination of integrated measures to achieveaed "passive cooling" is a pre-
requisite if summer comfort is to be ensured withemetively cooling or dehumidifying the
inlet air. This type of concept became known aanlbuilding”, due to the smaller volume
of the service equipment required. The task isesigh buildings such that even when the
weather outdoors varies greatly, the indoor coodgi remain within a well-defined
comfort zone, which meets the expectations of twpantsFig. 1b. The comfort zone is
exceeded only for periods of extreme outdoor teatpees. The maximum acceptable
number of working hours with temperatures abovectirafort zone has to be discussed on
the basis of simulation results in the early desigase of a building and checked against
legal standards.
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Fig. 1 Qualitative profile of the energy consumption dEanventional building” (a) compared
to a "lean building" (b), the so-called ET-diagram.

2 Results and Experiences
2.1 Energy Monitoring

Tab. 1 gives an overview of the monitored projects and #pplied passive cooling
concepts. Detailed information together with a cozhpnsive overview on results and
experiences are presented in (Voss et al., 200&litidnal information is available via
internet (www.enbau-monitor.de).

Data are presented for end and primary energy esggectively, taking into account
the energy conversion factors for the specific doms of Germany as given with
a national standard (DIN 4701-10, 2001). Usingghmary energy factor concept allows
the comparison of the building’s energy consumptama to rate the energy supply in
terms CQ emissions.

Fig. 2 summarises the monitoring results from buildingsvihich data from at least
one year were available. We have chosen to prélsenbformation as a graph rather than
numerically, as the boundary from HVACL to usergfie electricity consumption (PC,
printers etc.) was difficult to define in some cas€his could cause quantitative but not
qualitative changes to the results. Particulartysieparating the electricity use for the type
of energy service (e.g. electricity for lightingdafor computer operation) requires a very
detailed and expensive metering concept. It iscoatmon to allocate the electric circuits
within a building according to the equipment cortadcto them. In many cases, detailed
analysis of the electricity consumption helpeddentify weaknesses in system operation
and aid their correction.
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In order to separate the effects of reduced enasgyand energy efficient energy
supply, in case of CHP and photovoltaic to the prynenergy balance were shown
separately.
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Fig. 2 Measured end energy (left diagram) and primarygneoefficients derived from them
(right diagram).

All data refer to the heated net floor area. Data eollected from the monitoring
institutions according tdrab. 1. The primary energy factors and electricity credire
based on German DIN 4701 (DIN 4710, 2001): Eleityri8, fossil fuels 1.1, biomass 0.2.
To simplify the balancing procedure, photovoltaiecticity (PV) was evaluated with the
same electricity credit as for combined heat and@groplants (CHP). The consumption
values refer to HVYACL. The numbers following thejerct titles indicate the year for the
measurements. The data source in each case wasivieesity which was responsible for
the measurement programme. In the case of the Bi8B" building, a zone of 525 mz?
consisting purely of offices plus the adjoining @&x areas was selected from the Institute
building with a total area of 14,000 m2. Aside frahe Hubner building the so called
production buildings have a mixed use of office awdrkshop or pharmaceutical
production.

Nine out of the 14 office and educational buildinghow primary energy
consumption below or close to the required limit160 kWh/ma, five buildings range
above this limit. As the end energy use for HVAQLproduction buildings (workshops,
factories) strongly depends on the requirementardigg indoor air quality and internal
loads strongly depend on the production procefiged primary energy target of 100 was
achieved by two of the four evaluated productioiidings. It is satisfying to see that the
consumption of each building is much lower than ¢benparative values for the building
stock according to Chyba! Nenalezen zdroj odkaz
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Individual design and target values are only awé@ldor some of the buildings, as no
common methodology for calculation of the energynded for cooling, ventilation and
lighting was used. Heating energy demand was cledilbased on the national standard
(DIN 4108-6, 1994). Additionally building simulats were performed for most of the
buildings. Therefore comparisons with target valaiesvalid only for the same building.

The limit for primary energy use was exceeded imeocases because of
unexpectedly high heating demands (DB, GIT), hitgctecity consumption for lighting
(FH BRS, Hubner), etc. Some of the causes aredtleetbuilding concepts; others could
have been avoided by an improved energy managefieatPollmeier building avoided
high consumption values for primary energy, despitexpectedly high heating energy
consumption by burning wood off-cuts from its ovawsnill, representing a largely GO
neutral source. Combined heat and power plantst iesa primary energy credit (Wagner,
ISE, Solvis), as the measured gas consumption astributes to electricity generation
and thus to substitution of grid electricity. Dragyiheat from a district heating network
with CHP also proved to be favourable (ECOTEC, ZUB)
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Fig. 3 Target values for energy efficient office buildirgscording to the programme compared to
end energy use values for office buildings fromekisting stock in Mid European climate
according to (Weber 2002). The net heated floca &v@ised as the reference area. End energy was
transferred to primary energy by a factor of 3ne tase of electricity and about 1 for all other

forms of end energy in order to compare it withidgpbGerman situation.

Aside from energy saving and thermal use of renévahergy, some of the buildings
apply measures such as combined heat and powes jtarrgeneration) or photovoltaics
to produce electricity to feed into the public grithis energy subsidies grid electricity to
be generated on national average conditions wittixéure of power plants. In case of so
called “zero energy buildings* primary energy ctedior the subsidies grid electricity
balance the buildings primary energy consumptionaogearly cycle. Three projects
(Wagner, Lamparter and Solvis) enter the range dkzeao energy building” by the
combined approach of minimized consumption and rootess equivalent creditBig. 5).
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primary energy balance in kWh/m?
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Fig. 4 Primary energy use versus building cost. The pgmaaergy use is more or less independent
from the cost for construction and HVAC equipment.

150
. renewable energy u'g S/ 7|
2 credits (kWh/m?NFAa) = Agé>°
—_— -y —_ N\
L ®-0 g 2 8 &
t 125/ @<i0 5 205 o 24
< ®>10 E 8 g & //
= = S~ N
- = § § &gz /
% e ) = ~§ ’é\:/ = 7
€ 100 s 2 8% 8§58 <4
g § 8 o 2 ognN 2
2 = N » W @ W Z/ B
£ /0 E_ 8
s 75 s °8 o &
) /s D w o T =5
S /7 S h 888 §
5] Y (0] (ID < @ e
= 243 3
% / 6 >53¢% @
50 7/
& — s © .
g ¢ !
£ / a7
a ¢ :
5 25 &
5 7 ‘®
g o’(o(\\/ [ ) :
E ,}q}/ ® |- : ®
i} y: @ (2 °
‘ g o fe) o
Te} o 1o o N w0
[a\] Yol M~ ~ ~ ~

Primary Energy (HVACL) [kWh/m? NFA a]

Fig. 5 Primary energy benefit versus primary energy comgian. Dotted lines show buildings of
the same primary energy balance. Note: The priraaeygy consumption of Wagner building does
not include electricity for HYACL.

2.2 Technologies Used by the Demonstration Buildings

The (combinations of) technologies to achieve enafficiency depend on individual
energy goals and specifications of local conditionsuilding type, use and location. The
four tops used in the projects include Daylightifgssive Cooling, Heat Recovery and
Building Automation according to the scope of tedbgies as illustrated iRig. 6.
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Passive house concept

Passive Cooling

Optimization of daylight
Automation of artificial light
Atrium

Solar thermal

Solar power

Heat recovery

Activation of thermal mass
Ground coupled heat exchanger
Geothermal piles

Geothermal probes

Combined heat and power (CHP)
Trigeneration system

Heat Pump

Building Automation

Use of Biomass

Rainwater concept

Ecologic Building materials
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Fig. 6 Overview of 19 strategies and technologies us¢kdardemonstration buildings of EnOB.
2.3 Passive Cooling and Summer Comfort

In order to improve indoor conditions in summer;cstied "passive cooling” concepts
were an integrated part of each building desigdifferent ways and to a varying extent.
Passive cooling means the interaction of all messwhich act to reduce the heat gains on
the one hand, and on the other, which make nateatl sinks such as night air and ground
accessible. So in this paper “passive cooling”udek techniques, which are not using
a thermodynamic cycle process. The remaining headsl are transferred to the
surroundings with a certain time delay. Heat steragthe building construction, both
during the course of a day and over longer hotoplsriis substantial, Chyba! Nenalezen
zdroj odkaz. (Pfafferott, 2004).

day

HEAT GAIN'S :> HEAT STORAGE :> HEAT REJECTION

external gains period daytime ventilation
- orientation - natural ventilation

- window area - forced ventilation

- glass properties - earth-to-air heat exch.
- shading system night ventilation

- heat conduction storage capadcity - natural ventilation

- daily ventilation - dructural design - forced ventilation
internal gains - internal cladding slab cooling

- occupants - penetration depth - vertical ground pipes
- lighting concepts - building material - ground dab

- office equipment - time of operation - cooling chiller

Fig. 7 Passive cooling principle and main issues influeg¢he building energy balance on a daily
or more extended period.
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In view of the limited cooling capacity and the dptime constants, the main design
priority is to restrict the amplitude and dynamaé¢sexternal heat gains Thus, none of the
buildings provides an entirely glazed facade. Therage ratio of glazing to opaque area
was 43 % or 27 % related to floor area. Almosbélihe buildings use external adjustable
solar shading except buildings with slab coolingtegns (enhanced cooling capacity).
Experiences show that the total solar energy trétesme (gt-value) for glazing and sun-
shading should not exceed 10-15 % (Zimmermann 19983 can be achieved for internal
blinds or blinds in the gap between the glass pangsin combination with solar control
glazing (Qiass< 40 %), or by external blinds and standard heaitegtion glazing.

A detailed analysis regarding manual blind usewa buildings (ISE, Lamparter) shows
a strong correlation between solar penetrationidaeptd blind occlusion (Reinhart 2002,
Herkel 2005). External loads in these cases ramdle order of internal loads (Pfafferott
2005).

Average daily totainternal heat gainsobserved range between 100 and 200 Wh/m2. The
range refers to the density of occupation, the atper mode of the computer systems and
the lighting conceptsfab. 2

Tab. 1 Demonstration Buildings with a comparison of th{fltqmi passive cooling concepts
b D 0

Building Monitoring Team

[0] [
ISR 0 -G § 5
2E c ¥ S5~ow = 2 X% o Z
25 S5= 25L2E ¢ §2 58 6%
ECOTEC University of Bremen2,941  0.54 013 X o ”1]’1
University of o
Wagner Marburc 1,948 0.21 025 X X § el
Hibner University of 5455 032 018 X X ﬂ
Hannove
) Applied University Fa
FhG-ISE of Biberach. Fht 13,150 0.43 0.21 X X 2 E %
DB Netz lechnicalUniversity 5 o70 g57 024 x X /e
of Karlsruht fa
FH BRS University of 56987 042 034 X X
Dortmunc
GIT University of Siegen 3,243  0.36 0.27 X X
Lamparter APplied University ;550 535 gog x X
of Stuttgar
niz  Technical University g 570 063 0920 X
of Braunschwei
Surtec  Unversityof Darm- 4 453 057 g31 X X
stadt, Passive Hou:
ZUB University of Kassel 1,732  0.32 0.21 X X

Pollmeier ZUB, Kassel 3,510 0.29 0.33 X
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Solvis ~ AppliedUniversity g515 559 017 X
of Braurschwei

KAV Technical University 8,585 0.54 0.15 X

of Karlsruht
Energieforu Technical University 20693 0.69 017 X X
m of Braunschwei ’ ) '
Energon Applied University 6,911 - 0.23 X X
of Ulm
T™Z Applied University 8,976 ) 0.42 X
of Erfurt
Bog  AppliedUniversity 5475 g4 025 X X
of Cologne
cms  Applied University 14 650 943 .24 X
of Biberacl
Lebenshilfe TechnicalUniversity 4 553 035 24 x X
of Munick
Technical University )
UBA of Cottbu: 32,384 X X
sic  AppledUniversity 13593 574 023 X X
of Offenburt
, Technical University p——
Ritter of Karlsruh 3,232 0.49 0.54 X m
DvZz Technical University
Barninr of Cottbu: 19399 043 03 X X
Regionshaus "Sttut fur Gebdude- 7 55, 0.30 X

und Solartechnik, Tl

Tab. 2 Internal heat gains detected in selected projdlittmbers refer to Wh per m2 office floor
area and day. Data source: Monitoring teams

Total persons equipment lighting

Wagner 100 24 66 10
DB Netz 141 30 79 32
Lamparter 100 40 - -
FhG ISE 188 53 125 10
Pollmeier 92 21 50 21

Most of the projects realized in an early starfiggiod of the funding programme applied
night ventilation in combination with earth-to-dieat exchangers t@move excess heat
in summer; several of the more recent projects lzomied slab cooling in concert with
vertical ground ducts or ground pillars due to tinereased cooling capacity. For
mechanical and hybrid night ventilation COPs betwédé and 14 have been monitored
which are higher than those of conventional coolig also show the need for quality
assurance during the design phase and in buildingrassioning. The evaluated earth-to-
air heat exchangers achieved COPs between 20 &nd 28

Within the framework of EnBau:MONITOR the passiveoling concepts were
evaluated regarding to the achieved thermal comidrtis, standardized graphs had been
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provided as part of the accompanying researchderdio allow the comparison of results
on summer indoor conditions between different potsje

Fig. 7 illustrates the results using annual cumulatiegdiency distributions for the
indoor air temperature. If the upper limit of 25 &€cording to DIN 1946-2, old edition, is
taken as a reference, the buildings demonstratehibarequency of higher temperatures
can be kept below 10 % of the usual working houtk suitable passive cooling measures
of building design strategies.

Nevertheless this consideration does not indicateter an acceptable thermal
comfort was achieved in the buildings or not. Thairmdisadvantage of a cumulative
frequency distribution analysis for thermal comfast the information loss on the
correlation between indoor temperature and reaé tontdoor temperatures monitored.
Four different comfort criteria, 1SO 7730 accordihg Fanger, the proposal for the
European standard prEN15251, the former DIN 1946tae new Dutch NPR-CR 1752
have been used to analyze comparative building @dngderformances. For detailed
discussion on these criteria see (Pfafferott 2006).

As an example for this evaluation, Fig. 8 the indoor temperature data of the
Pollmeier building are sorted by the outdoor terapee (Herkel, 2005). Hourly room
temperature data are plotted against a floatingnnoedoor temperature of the last three
days. Using different comfort criteria leads tofeliént ratings regarding the achieved
comfort. If a 90 % satisfaction of the user is resfed, the range of violation of the
comfort criteria during working hours is betweerl@% (ISO 7730) down to 0-2 %
(NPR-CR 1752)ig. 9). It is noted here is that if extreme meteorolayiconditions are
given like in summer 2003 these buildings are upleir capacity limits of thermal
comfort. The results show strongly the need for mamm design criteria regarding indoor
comfort in the European framework.
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Fig. 8 Cumulative frequency distributions for the hourlieeage temperatures in the offices of four
selected buildings.

The temperature limit of 25 °C according to DIN 818 exceeded for 4 % (Lamparter),
4.5 % (Pollmeier), 9.5 % (FhG-ISE) and 12.5 % () of the working hours 8:00 to
17:00 during the course of one year, 2400 h/a. Buehe type and position of the
temperature sensors, the values quoted for the &derpbuilding represent indoor air
temperatures, whereas the values for the otheegmojprovide corresponding operative
temperatures. The meteorological boundary conditttiffer between the buildings due to
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their different locations (e.g. maximum outdoor parature FhG-ISE: 37 °C, Lamparter:
36 °C, DB: 34 °C, Pollmeier: 35 °C).

o room temperature [C]

28
26
24 : >
o)

22 S :

gé P e
20
18 %—4 N
-10 -5 0 5 10 15 20 2

floating mean outdoor temperature [C]

Fig. 9 Analysis of hourly data on temperature monitorethaPollmeier open space office
building in 2002

The lines mark the boundaries of the so-calledscksB, C buildings according to the
Dutch guideline NPR-CR 1752 (Raue, 2004) considetime thermal adaptation. The
Pollmeier building (passive cooling using night tikxtion) mainly meets the strict class-A-
criteria for high ambient air temperatures (abo®&3) according to the guideline.
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DIN 1946 1ISO 7730 NPR-CR 1752 PrEN15251

Fig. 10 Comfort analysis of four buildings in 2002

Each building is not only performing differentlyrfthe four used comfort criteria: It is a
basic assumption, that the criteria should qual#ét yield the same conclusion: If
a building is better than another in criterion A,d also better in criteria B, C and D.
Nevertheless, the comfort criteria can give différguantitative numbers for comfort, since
the criteria are based on different studies, dadband assumptions: Criterion A can be
exceeded by 5 % while criterion B is only exceele@ % of all working hours.

3 Discussion and Conclusions

The results of the monitored buildings show, thet €énergy consumption of new office
buildings can be reduced by 50 % compared to thklibg stock without enhancing
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building construction costs compared to the averdage limitation of a primary energy
consumption of 100 kWh/m2a and even lower is pdssib

Future building concepts will focus on the goabkohieving zero energy demand on
an annual base, first buildings within the progfan©OB already showed the possibility of
such concepts combining a low energy demand wigmawable energy supply.

Construction Cost [€/m?2 net floor area]
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Fig. 11 Consideration of Construction Cost.

The results of the passively cooled low-energyceffbuildings provide a high thermal
comfort even without mechanical cooling or air-cietiing, when the heat dissipation in
summer is enhanced by e.g. thermally activateddimglcomponents or night ventilation.
The evaluation of passively cooled office buildirdgmonstrates that during a commonly
hot summer such as 2003 prevalent criteria forntaércomfort in naturally ventilated
buildings (i.e. prEN 15251) are exceeded for lass1tc % of the building operation time —
considering realistic user behaviour.

The demonstration projects have lined up with pligpose to achieve long term
energy-savings and cost-effectiveness during mgldiperation. They also show that high
performance buildings can be realized to normalketaconditions are. Finally it is
important that there is a balance between architalcjuality and the comfort, the "right"
cost-consciousness of builder-owners and a ceftaxibility in dealing with the costs
during building design phase and construction (sb#ting).
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