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ABSTRACT

The Thermal Building Simulation isavery suitable way for optimizing the
thermal performance of buildings. In this paper the thermal behavior of a
public building including the heat demand, heat loads as well asthe indoor
temperatures during summer is simulated using the TRNSY S (Transient
System Simulation Program) program package. For the start of the thermal
building simulation, input parameters concerning the climate data, the build-
ing geometry and the use of the building were defined. Theinfluence of the
movable shading devices, night ventilation, roof insulation and internal
gains were investigated. The results of the simulation showed the possible
procedures to arrive at an optimized situation of the building: no window
shading devices, shading devices only on the south fagade, night ventila-
tion with an air change rate of 6.0[hY], Roof insulation of 5[cm] and reduc-
tion of the electrical power consumption of the PCs to 80[W/PC]. This
study will be used as a starting point for a possible refurbishment of this
building to reduce the heating loads and to reduce the overheating problem
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INTRODUCTION

TRNSY S(Transient System Simulation Program)
isaprogram package s mulatesthe performanceof ther-
mal systemsover time. TRNSY Shasoriginally been
developed for the detailed analysis of solar thermal
plantsand buildingsto optimizetheir performance™.

Whilethebuilding (abuilding of the renewableen-
ergy laboratory at DamascusUniversity in Syria) hasa
considerabl e overheating problem during the summer
monthswith maximumindoor temperatures of 40°C,
thetherma performance of the building wasintend to
smulateto reach the optimized building. Thus, thisre-
search can bedescribed asafutureway for improving

thetherma behavior of thisbuildingintermsof reduc-
tion the heating loads aswell asthe overheating prob-
leminsummer.

Data and method of ssmulation

Thermd buildingsmulationwith TRNSY Sisper-
formed within asubprogram, the so-called TY PE 56.
Thelarge number of building dataand weather data,
whichinfluencethethermd behavior of thebuilding, is
passedto TY PE 56 viaexterna datafiles. Theclimatic
boundary conditionswerecd culated by theclimatedata
generator Meteonorm@. The measurement period for
the ambient temperature aswell astheradiation was
between 1961 and 1990. The climate datagenerator
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Figurel: Plan view of thefirst floor showingthe7 thermal
zonesthat used in thebuilding smulation

program M eteonorm uses monthly averagesand cre-
atesclimatedatafor atypica year withastatistically
procedure weather. For theactual buildingsimulation
climate dataon an hourly time step were used.

No shadings of the building envelope dueto ob-
jectsthat are not associated with the building are con-
Sdered (i.e. neighboring buildings, trees).

For the dynamica building smulation, thisrectan-
gular buildingwasdividedinto so called therma zones.
Thefirst floor waspartitionedinto 7 thermal zonessince
itisthemost critical section of thebuildingintermsof
heating |loadsaswd | asoverhesting problem duringthe
summer monthsdueto thehigh externa surface.

Thefloor areas, theroom heights, thezoneair vol-
umes and the detailed geometrical evaluation of each
zonewereused inthesmulation. In addition, thelayer
sructureof dl wal, floor and celling congtructionswith
thelr thicknesses and thermo-physical properties, the
windowstypesand their association withinthethermal
zones and the radiation typeswith the slope and azi-
muth of each surfacewere also usedinthesmulation.

Thebuilding orientation in North-South direction
and the effect of the shading of the windows on the
South fagade by the overhangs due to the terraces were
takeninto account inthethermal building smulation by
using the so-called overhang and wingwall TRNSY' S
component (TY PE 34).

For theinitia scenario, movable shading devices,
night ventilation, roof insulation and internal gainwere
investigated. These parametersof theinitia scenario
canbesummarizedinthefollowinglist:
¢ Movableshading devices: only on South fagade.

e Night ventilation: air changerateof 0.5[h7].
¢ Roof insulation: no thermd insulation of theroof.
e Internal gains. power consumption of 1 PC =

273

—== Qurrent Research Pepsr

Ll
pe_ W mm
- -
Lt
' L 1 m_N
_.EJ_ o
g L .
1

Figure2: Modd representationin TRNSY Ssmulation studio
for thethermal building simulation

140[W].

e Each of thefour parameters mentioned abovewas
changed separately.

Toinvestigatetheinfluence of themovableshading
devices on the room temperatures during the summer
period, three scenarios were defined:

(1) Noshadingdevices.

(2) Shadingdevicesonly ontheSouthfagade.(identical

withtheinitia scenario).

(3) shadingdevicesondl facades(South, West, Earth.

And North).

Toinvestigatetheinfluence of theair changerate

duringthenight (night ventilation) ontheroomtempera:

turesduring the summer, three scenarioswere defined:

1. Night ventilationAC =0.1[h}] (correspondsto a
situation where the windows are closed during the
night).

2. NightventilationAC=0.5[h1].

3. Night ventilationAC=6.0[hY].

Toinvestigate theinfluence of theroof insulation,
two scenarioswere defined:

1. Noroof insulation (identical withinitia scenario).
2. 5[ cm] of roof insulation with atherma conductivity
of A=0.035[W/m.K].

Toinvestigatetheinfluence of the power consump-
tions of the personal computers (PC) on the heating
demand and hesating loadsaswell asontheroomtem-
peratures during the summer period, three scenarios
weredefined:
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Figure 3: Initial scenario: the specific annual heating de-
mand for the(columns, left axis) and the maximum specific
heating loads(lines, right axes)

temperatures in zone 1 between July, 6th and 11th
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Figure5: Thesensed room temperaturein zone 1 between
July 6" and 11"

1. P=80[W/PC].
2. P=140[WI/PC].(identicdl totheinitia scenario)
3. P=230[W/PC].

Thisseriesof scenarioswas planned for reaching
the possiblerefurbishment of thisbuildingin order to
optimizethetherma performance.

Themodd representationin TRNSY S Simulation
Studio for the thermal building simulation of the
Renewable Energy Buildingisshowninfigure2.

RESULTSAND DISCUSSION

Theresultsof thetherma building Smulation dueto
two stages are presented by: theinitial scenario and
parametersvariations.

Firg of dl theresultsavailablefromtheinitia sce-
nario showed that thefirst floor hasthe highest heating
load and heat demand compared to the ground floor
and basement dueto thelarger external surfacetovol-
umeratio.
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evaluation of room temperatures for zone 1
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Figure4: Evaluation of the sensed room temperaturesin
zone 1 for theperiod between May, 15th and October, 15"
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Figure 6 : Evaluation of the sensed room temperaturesin
zone 1for the period between M ay, 15" and October, 15"

Themaximum hegtingload of thefirst floor isabout
55[W/ m?] while, for instance, the ground floor only
haf of that value. Thedifferencein hest demandiseven
larger, thefirst floor requires 55[kWh/m? year| while
the heat demand for thefirst floor isbel ow 20[ kWh/m?
year] (Figure 3).

The simulation showed dso that for theinitial sce-
nario—without any cooling equipment — there is a con-
Siderableoverhesting probleminzone 1 with maximum
room temperaturesof roughly 40°C. Thus, thezone 1
isthemogt critical oneintermsof overheatingsinceitis
subject tohigh solar gains:

(a) Directly through the South-oriented windows
(b) In-directly through solar absorption on theroof and
heat conduction through the celling construction

Theother zones of thefirst floor (zone 2-7) have
smilar overhegting problemsduring summer thoughto
aless extent than zone 1. The maximum room tem-
peratures are 35°C and 30°C, respectively, for the
ground floor and basement.
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evaluation of room temperatures for zone 1
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Figure7: Evaluation of the sensed room temperaturesin
zone1for the period between M ay, 15" and October, 15"
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evaluation of room temperatures for zone 1
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Figure 8 : Evaluation of the sensed room temperaturesin
zone 1for the period between M ay, 15" and October, 15"
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Figure9: Sep 5of theoptimization scenarios: Sensed room temper aturesin zone 1 ver susambient temper atureevaluated

The second series of theresults obtained from pa-
rameter variationsstudiesthe effect of the severd pos-
s blemeasuresto improve the overhesating problem of
theinitia scenario aswell asto reducethe heating de-
mand for duringthewinter period.

Fgure4indicatesthat the maximumroomtempera-
turesinzone 1 can bereduced by roughly 1°C by using
the shading deviceson the South fagade. If there were
also shading deviceson al other facades (East, West
and North) thiswould further decreasethe maximum
temperaturesabout 1°C.

Figure5 displaysthe sensed room temperaturein
zone linatypicaly hot summer week between July 6"
and11" for thethree scenarios defined previoudly. Sce-
nario 1withaninfiltration rateof only 0.1]h] resultsin
amaximum temperature of 41°C, whilean air change
of 0.5°C reducesthe maximum temperaturesto about
40°C. A large reduction of the maximum temperatures
to about 36°C can be achieved in scenario 3 with a
night ventilationrateof 6.0[r]. Smilar findingscandso
be gathered when of the sensed indoor temperaturein

zoon 1isevauated over thewhole summer period. For
instance, it can be observed from Fgure5 that thenum-
ber of hoursabove 30°C is reduced from 3100[h] for
theinitia scenario (0.5[h]) to about 1250[ h] for sce-
nario 3 with an air changerate of 6.0[h}] during the
nights.

Thus, night ventilation-free cooling’-in combina-
tionwith largethermal massesinthewall, ceiling and
floor congtructionsisavery effectiveway to reducethe
indoor temperature during summer.

The hot climate with large ambient temperature
variations between day and night alowsfor apassive
cooling concept which usesthecold air of thenightsto
cool downtherma massesin building hepingto reduce
theindoor temperaturesduring the day.

By andlyzing the hesting demand and themaximum
heating load theannua heat demand will be reduced
from 56[ kKWh/m? year] without roof Insulationto only
23[kWh/nm? year] for thefirst floor. For thewholebuild-
ing theroof insulation diminishesthe heat demand from
33to 20 kWh/m?year] in specific values, i.e. areduc-
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tion by 37%. Besides of the heating demand, also the
maximum heating load can be obviously reduced by
insulating theroof: for thefirst floor the maximum spe-
cific heating load can be diminished from 55 to about
32[W/m?].

Figure 6 explorestheinfluence of theroof insula-
tion on the summer indoor temperaturesin thetherma
zone 1 (first floor). It showsthat the number of hours
above 30°C is considerably reduced by the thermal
insulation of theroof.

Thevariation of inner gainshasa so aminor influ-
ence on the heating demand of the building, whilethe
maximum heating loads are not affected by theinner
gains since they are not present 24 hoursaday. The
reduction of theinner gainscan also helpto reducethe
overheating problem during the summer monthsascan
be observedin Figure 7 Themaximum temperaturesin
zone 1 arereduced by about 1°C when changing the
power consumption of the computer equipment from
230[W/PC] to 80[W/PC].

Figure 8 comparesthe sensed room temperatures
in zone 1 over thewhole summer period for thefive
scenariosmentioned previoudy. Starting fromtheinitia
case without shading on the south the maximum room
temperatures are decreased by approximately 1°C by
using themovabl e shading deviceson the South facade.
Using the cold air temperaturesduring the night to cool
down thethermal masses (“free cooling”) reduces the
maximum indoor temperaturesby further 4°C. If in ad-
ditionto“free cooling” by night ventilation the roof con-
structionisthermally insulated with 5[ cm)] of polysty-
rene, the maximum temperatures can bediminished by
additiona 5-6 °C resulting in maximum indoor tempera-
turesof only 30.5°C.

Findly, afurther reduction of theoverhesating prob-
lem can be accomplished by using economica com-
puter equi pment leading to maxi mum indoor tempera:
turesof 30°C.
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By comparethe comfort diagram for theoptimized
scenario withthe corresponding diagram for theinitia
scenario (Figure9) aremarkable reduction of thein-
door temperatures can be noticed. The maximumtem-
peraturein zone 1isreduced from 40°C to 30°C and
for aconsiderable period of timethe sensed tempera-
turesarein the comfortable region of thecomfort dia-
gram. Accordingto DIN 1946-213,

CONCLUSIONS

Aneducationa building (arenewableenergy build-
ing) hasbeen s mulated using the s mul ation software
program TRNSY Sinorder to optimizethethermd per-
formance of the buildingin termsof reduction the heat
demand aswell asthe overhesating problemfor thefirst
floor of thebuilding. Thus, the path to the “optimized
building” can found. The path consists of the following
steps.

(1) Nowindow shading devices

(2) Shadingdevicesonly onthe south facade (identi-
cal tothe standard case)

(3) Nightventilationwith anair changerateof 6.0[h”]

(4) Roof insulationof 5[cm]

(5) Reduction of thedectrica power consumption of

the PCsto 80[W/PC].
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