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SUMMARY

This paper preents erergy simulationcas studesof office buildings located in Frane. It
takes into account the energy consumptionof HVAC-system. Two different kinds o
buildings have been used Reference lilding hasexterral structures of atypical new building
in Pais today. In advanced building externd walls and windows have lower U-valueand
improved tightnes. Windowshave aso better shading coefficiert and externd overhangof
500 mm for solar sheding. Different kind of HVAC-systen comporents havebeen smulated
bothin reference and advanced building in orde to find the lowest possible energy
comsumption. Reault shaws that with right HVAC-system andbuilding desigh canredue
enggy consumpion 75 %.

INTRODUCTION

Sustdnable buiding does not onlyprovide wellbeing for users and healthy indoor
envronmentbut also takesinto account various environmentd agects. Fromenvironmental
issues the building’'s energy efficiency anduse offenewabk energy sourcesare one of the
modg important, howe\er there are many other issuesto be consideed, like use of land
location of building (e g. nea the public transportéion), rediction of pollutionsduring
corstruction and life time of building, anduse of méerials.

Focuson energy saving and useof renewable enegy sourcesare identfied asa majo sour@
to improve ervironmenél focus and redue carbon emissionsin condruction industy. The
enagy efficiency of buildings is greatly affectedby air conditioning and ventil ation systemms.

Theenergy consumgtion of building dependson the desig of building ervelope seleded
HVAC-systems and the maintenan@ ofthem.The quality of windowspaysalsoan important
role, when buildingis desighed. Solar shadng is anothe importart issue, where architects can
gredly affect the quality of buildingandit’'s engy efficiency. With good solar shadng the
coding requirement canberediwced close to intemal load level e g. 40— 50 W/floor-nf. This
alsoexpandsthe variety of HVAC-systems, which can be used in building. Low tempeature
heaing and high temperaure cooling systens (like dab codling, chilled ceiing andchilled
beams) can be used in suchabuildings. Alsofull-air sygems,like displacement ventilation,
becomemore feasible.

Sustdnable olutionsmathes ach space with a suitable system eg. full-air sysemsto area
where mainheat loadsare from people (e.g. auditorium) where asin offi ce environment it is
moreecononmnical to transfer heat usng water as media.Target is todesign solutions, which
canbe adjusted according the useof space to meetthe diff erentindoorclimateconditions
over thelife cyde of building and use products, which are adaptable twarious conditons and
desigredto creae completesolutions
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Goad indoor climate can beadieved with lessenergy by selecting such aroomsystems

which alows optimization of energy efficient cooling andheaing.

Lower cooling and hegting requirements all ows also the better utili zation of renewable erergy
sources like groundwater heat pumps, outdoor air (freecooling), solar parels, bio energy,
wind, etc There are seweral primary energy sources avail able to geneete hed, but cooiing
energy is mainly produced usng electricity, which typically have high primary energy
codficient. Thisis why primay energy studiesit isimpoitantto minimize the demand for
coadling.

DESIGN CRITERIA OF SELECTED CASE STUDIES

In this case study the IDA-I CE energy simulation program was used to calculate the annual
energy needof building. To evaluae the erergy savng potential, two diff erent kindsof
buildings were used. Referance building has structures, which are typically usedin Central-
European climate conditions bday. In advanced building thermal conductiity of extemnal
structures has beenimproved as well as solar shading of window, andlighting system has
been improved.

Five differentHVA C-systemswere usel for roomair conditioning andventilation: fan call
unit with constant air volume variable ar volume gstem traditional active chilled beams
with condantair volume, and variable adive chilled beamswith variable air volumein two
diff erent kind of system.

Building and HVAC-system design values

The simulation was made usng 11000m? office building (10 floors), ead floor with a
mixture of differenttype ofspaces landsape offices 610 m? (55 %g, officerooms242m? (22
%), meeting rooms162m? (15 %), andother (res rooms etc) 95 m* (8 %). Themain facades
were towards north-wes$ andsouth-ead. Window hight was 1,8 m and width 1,2 m, ore
window in each 1,35 m module, so window-floor ratio was25 % in external offices. Other
building and system desigh paramedrs are presentedin Tables 1. and 2. Energy simulation
was male usingParis-Orly weaher daa.

Tabe 1. Desgn values of reference and advancel building.

Referencebuilding

Advanced building

External wall W/K,m* 043 0,3

Infiltration dm’/s,m* 0,33 0,165

Window W/K,m* 2,6 11

Window g-value 0,48 0,31

Solar shading No Extemal overhangof 500mm

Teminal units have been selededusng manufactures produ¢ daa. Fancoil unit, VAV-
terminal unit and traditiond active beamwere seéctedtaking into accoum the comfort

conditionsin the space (velocity in occupied zone< 0,25 m/s). Variable active chilled beams
were sdected for demarnd-basedvenilation cases(system 4 ard 5), because theyallow
reducing airflow rate from maximum withoutcreating velodty problemsinto occupied zone
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Tabe 2. Dedgn values of different HVAC-systems = I\E{lﬁgi IC
System1 System 2 System 3 System 4 System5

Room Fancail unit | VAV- Traditiond Variable Vairiable

terminal uni terminal unit | adive chilled | active chilled | adive chilled

bean bean beam

Heat recowery | Hydronic Hydronic Hydronic Hydronic Regenerative
(40%) (40%) (40%) (40%) (80%)

Air flow Constant ai | Variableair | Constintair | Demand Demand

cortrol volume volume volume basd basal

Duct work Balaned Balanced Balaned Congant Condant low

design pressure presure

Chiller design | 2°C 2°C 2°C 2°C 2°C/10°C

temperature

Chilled wate | 12°C - 15°C 15°C 15°C

temperature

Roomair 24°C 24°C 24°C 24°C 25°C

temperature

Supply air 20°C 15°C 16°C 16°C 16°C

temperature

Air flow rate: | 1,51/sm? 1...7,89/sm? | 151/sm’ 151/sm* 1,51/s,m*

offices

Air flow rate: | 4,2 1/sm? 1,2.9,2llsm* | 421/sm’ 0..421/sm* | 0..421/sm’

meding room

AHU desiqh | 790/ 530Pa | 1100/ 750Pa | 790/ 530Pa | 790/530Pa | 470 /330Pa

pressure loss

SFP 20 28 20 20 1,2

Artificial 15 W/m* 15 W/m* 15 W/m* 15 Wim* 6 W/m*

lighting

Lighting Time8-20 | Time8-20 |Time8-20 | Time8-20 | Dayight,

control occupancy,

time8- 18

Cooling need in different parts of building

Differert areasof abuilding require diff erent codling capacity of termind unit. Required
coaling need is ssimulated usng energy simulation software IDA-1CE. Case study building is
divided into several operational areas based ontheir internd design values (useof space, air
flow rate intemalloads) ard orientation (solar load). Codling needsin different parts of a
building (Fig. 1) are preserted in Table 3. In this case staly thereference building requires a

terminal unit that can suppl
advanced building 63W/m".

3/ 80 W/m? of coolinginto anoffice space andrespectively in
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Figure 1. Building is devided to several opeationa zones officerooms (A, D), landsape
offices (H, G), andmeding rooms(l, K, L).

Tale 3. Cooling nedalsin diff erentparts of building.

Space Area (m°) Reference (W/m°) Advaned (W/m?)
Office spae A 12,9 77 58
Office spae D 12,9 80 63
Meeting room| 27,2 98 80
Meeting roomL 27,2 104 88
MeetingroomK1 27,2 67 25
Lands@pe officeH 292 43 25
Lands@peoffice G 290 43 28

ENERGY SIMULATION RESULTS

The energy consumgtion of the building was simulated using ID A-ICE software. The
delivered enegy consumption of HVAC-system is presentedin table 4.

Theannual energy conaumption of refererce building is almost 100kWh/m? of net delivered
energy. Approximately 5 % total enemgy savng can be achievedby varying the roan termind
unit fromfancoil unit to VAV-termind unit or adive chilled beam By introducing the
demand-based ventilation into meeting rooms (15% of floor area) using actie chilled beams
asaterminal unit, the eergy savingincreases to 15 % (15 KWh/m?,a). By designing the
whale building and system differently, significant savings can be achieved. Totd annual
energy consumpibn can beas low as 22 kWh/n? asnetddivered erergy, which is 50
kWh/n? as annwal primay enery (gas 1,2, dectiicity 2,5).

Lighting representsin al studed cases 44...53 % of totd net erergy consumpton. Heating of
primary air in air handling unitis 21...26 % in those cass, where heat reovery efficiencywas
40 %, butonly 3 % in casewhere heat recovery efficiency was 80 %. Fan energyin reference
building with fan coil unit systemis 15 % of total enegy need but because in advanced
building with system 5 the overall energy needis so low, the reative importanceof fan
energy is much bigger (23 %). Pumjing erergy in all sudiedcassisverylow, lessthan 1 %
of total energy need.
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Table 4. Energy smulation resuts as ddivered energy (kWh/m?,a).
Reference Building Advanced
Systeml System 2 System 3 System 4 System5
(Fancail) (DOAS (Chilled (Chilled (Chilled
VAV) beam) beam) beam)
Spaceheding | 69 | 7% 0 |0% 62 | 7% 59 | 7% 34 | 16%
Heatingof air | 247 | 25% | 243 |26% | 219 |24% | 176 |[21% | 06 |3%
Heating total 315 |32% | 243 |26% | 281 [31% | 235 |28% | 40 |18%
Cooling 76 |8% 64 | 7% 86 | 9% 8,2 |10% 2,7 | 2%
El. reheating 0 |0% 55 | 6% 0 |0% 0 |0% 0 |[0%
FansAHU/FC | 144 | 15% 128 |14% | 104 |11% | 64 |8% 50 | 8%
Condenserfan | 05 |1% 03 |[0% 06 |1% 06 |1% 02 |1%
Pumps 06 |1% 05 | 1% 0,7 | 1% 0,7 |1% 0,01 | 0%
Lighting 43,7 |44% | 437 |47% | 43,7 |47% | 43,7 |58% | 100 |46%
Electricity tot. | 668 |68% | 692 | 74% | 640 |69% | 59,6 | 72% | 179 | 8%
TOTAL 98,3 93,5 92,1 83,1 21,9
100 % 95 % 94 % 85 % 22 %

4. CONCLUSIONS

This paper presents e possibilitiesto reduce energy use of an office buiding by changing
design criteria of building andHVAC-system. The primaryair volume (fan energy as well as
heaing and codling of supply air) is oneof the most importantHVAC-system desgn
corsiderations in terms of erergy use Heaing of spaesin office type of buildingis not the
first priority whendesigning energy efficientbuildings. Sola shading, lighting levelsand
cortrol of lighting and shades areimportart areasto pay attention, because theyreduwces the
enagy consumpion of lighting systam as well astheenergy consumpion of coding system.

Differert selection strategiesof chilled beam have also a significant influence on both room
conditionsandenergy use. Demand based ventil ation integrated into a chilled beamsystem is
aneasy way to save energy, but varialde ar volumemustbe taken into acomuntwhen
selecting the beam model.

Totd energy saving patential of HVA C-system is over 70 %by actionsthat are
simultarecudy improving also comfort conditions These aree.g. improved solar shading
betterU-value of windows, demard based ventilation andimproved hed recovery.
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