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ABSTRACT

The paper presents the results and analysis of the energy consumption of a newly designed office
building in relation to quality of the indoor environment. The main energy consuming process in such a
type of buildings is air-conditioning and cooling. The building was designed as a low-energy one,
cooled by means of cooling ceilings. The architect's and designer’'s assumptions were checked by
numerical simulation applying ESP-r software. Basing on the simulation results, the seasonal energy
consumption was analyzed for different strategies of cooling. The changeability of the demand for
cooling was also simulated for the summer period for one of the Polish towns. Thermal comfort in the
building was assessed thanks to the simulation of the variability of the indoor air temperature, the
temperature of the partitions and by means of the PMV factor.
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INTRODUCTION

The assurance of an adequate indoor environment in office buildings requires,
among others, the retaining of a temperature in the room comfortable for those
abiding there. In buildings of public utilities the problem is not the heating, but rather
cooling of the rooms. This is due to the specifics of the utilization of the office space,
where in a comparatively small cubature considerable internal heat gains do occur,
resulting both from the presence of people and various appliances (Pfafferott at al
2004, 2007). From the technical point of view the existing systems of air conditioning
can ensure the required microclimate in the offices, the problem, however, is the
energy effectiveness of the applied solutions, as well as the costs of investments and
utilization. Nowadays designed and constructed office buildings ought to be
characterized by warranting the proper quality of the indoor environment, particularly
thermal comfort connected with a minimum consumption of energy.

Investigations indicate that a reduction of energy consumption in this types of
buildings depends mainly on (Tuohy at al 2005):

- the insulation of the building envelope,

- internal heat gains,

- the strategy of heating and cooling the building
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These factors influence the consumption of energy in various ways, due to
differences of the climatic conditions, the building and standard regulations and the
way in which the buildings are used in the respective countries. the aim of the
present paper is to analyze, basing on the results of simulations, the possibilities of
reducing the cooling demand and the consumption of energy appropriate to Polish
meteorological conditions and Polish standards.

THE BUILDING AND ASSUMPTIONS FOR SIMULATION

For the purpose of such analysis an office building was selected, designed in
compliance with the passive technology. It is a building with nine stores (2 of them
underground), with a heavy ferroconcrete structure (external walls — 25 cm
ferroconcrete, floors 30 cm ferroconcrete). The external walls and roof are well
insulated (Uyai = 0.13 W/m?K, Uroor = 0.09 W/m?K, Uyin = 0.80 W/m?K ). The windows
of the building are provided with electronically controlled external shutters. The
fundamental way of cooling is a thermoactive cooling ceiling (tubes with a cooling
agent of 16 °C embedded in the ferroconcrete ceiling). The total surface of the offices
amounts to more than 20000 m?. It is this area we are just interested in (on the
ground floor there are service spaces with quite a different way of application).

The numerical model for simulative calculations was constructed for a single office
room with the dimensions 2.6 x 8.1 x 2.8 m equipped with a single window (1.4 x 2.3
m). The external shutters of the model were designed assuming a constant
inclination at an angle of 45°.

In compliance with the assumptions in the design of the heating installation,
ventilation and air conditioning it has been assumed that:

- the indoor air temperature would be 24 °C (the room being cooled),

- ventilation air supply (during the office hours): 90 m*h at a temperature of
24 °C; beyond that time the air flow is reduced to 30 m*h (0.5 h™); the
infiltration of air from outside was assumed on the level 0.1 h™".

- internal heat gains (ASHRAE Handbook-fundamentals, 2005):

= occupants (3 persons) 3 x 77 W =231 W,

= computers (3 sets) 3 x 150 W =450 W,

= lighting 3 x 50 W =150 W.
The building was assumed to be used from Monday to Friday in the time from 7 a.m.
to 6 p.m. and on Saturday from 7 a.m. to 2 p.m.

Simulation calculations were carried out by the ESP-r program (Clarke 2001)
concerning climatic data of one of the Polish town. The aim of numerical calculations
of the system building — HVAC system was to investigate the dynamics of the cooling
load as well as the actual and seasonal demand for cooling in the time from June to
September (average season of operating cooling systems in office buildings).
Besides the internal heat gains, in the calculations also the gains due to solar
radiation have been taken into account. As far as the situation of the building is
concerned, two cases have been considered: the window of the office section faces
either the north or the south.

4" Intern. Symposium on Building and Ductwork Air tightness eulz
30" AIVC Conference “Trends in High Performance Buildings...”

October 1-2, 2009, Berlin/Germany energie + umwelt zentrum




A. Baranowski, J. Ferdyn-Grygierek, PL: Impact of Cooling Systems on the Energy Consumption and ... 3

STRATEGIES OF COOLING THE BUILDING

Low-energy cooling systems while providing effectively cold permit to reduce the
consumption of energy and also to decrease the peak demand for energy. In order to
check the effectiveness and energy consumption of the building, several series of
simulations were carried out concerning various cooling systems. Reference values
for further comparisons were obtained by calculations of the cooling demand and the
actual cooling power concerning the conditions of designing.

Figure 1 illustrates the exemplary progress of changes of the transient cooling
demand in a selected period of simulation. The maximum cooling demand amounts
to 1080 W for the office exposed to the south and 970 W for the office exposed to the
north; the seasonal expenditure of cold amounted in the investigated season on the
average to 56.0 kKWh/m?. It ought to be mentioned that in order to keep up the
assumed temperature the room must be cooled for 24 hours a day.
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Figure 1: Variation of the actual cooling load in selected period in summer
Reduction of the Temperature of the Ventilating Air

The air supply from outside can be partly used as a source of cold. Simulations have
shown that a reduction of the incoming air by 4 K to the value of 20 °C reduces the
cooling demand to 860 W in the case of the office facing northwards and 970 W in
the case of the office exposed to the south. The seasonal expenditure of cold drops
to the mean value of 46.6 kWh/m?. Though the preparation of the ventilating in this
case requires a higher expenditure of cold (without taking into account the recovery
of heat 3.4 kWh/mZ), the reduction of the temperature of ventilated air by 4 K
permitted to decrease the seasonal cooling demand nearly by 11%.

Night-time Ventilation

The efficiency of free night cooling is particularly evident, when it is combined with a
heavy structure of partitions inside the building with a considerable thermal capacity.
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In commercial buildings with natural ventilation the temperature can be set down by
about 3 K, provided that the adequate thermal buoyancy is achieved, usually by the
presence of an atrium, wind towers or solar chimneys (Voss at al 2007). Mechanical
ventilation may also be additionally applied.

Simulating the cooling demand it was assumed that at night (8 p.m. to 6 a.m.) the
room was ventilated by opening the windows (5 h™'), the mechanical ventilation being
switched off. During the office hours the provided ventilated air has — in compliance
with the assumption in the design — a temperature of 24 °C.

The maximum cooling demand in the office module amounted to 850 W (if exposed
to the north) and 940 W (when exposed to the south). The maximum cooling power
dropped, therefore, on the average by 11%, and the seasonal cooling demand
dropped by as much as 48%, on the average to the value of 29.2 kWh/m? (in the
month from June to September). Such a low value is achieved thanks to the fact that
the room need not be cooled during the night. As long as the room is being aired the
temperature does not exceed 24 °C.

Cooling Ceiling

A source of cooling is in compliance with the design the cooling ceiling. The
simulation model consists in this case of two zones (with a homogeneous
temperature of the air), viz. “office zone” and the “cooling zone of the ceiling”. The
maximum cooling power of the ceiling was assumed to amount to 40 W/m?, and the
source of cold to be active only when the room is being used. In result the simulation
provided an image of the progress of changes of the temperature inside the room
when the ceiling is the only source of cooling. Figure 2 presents exemplary results
gathered in one selected week in July, as well as the additional demand for cooling
power required to keep up a temperature of 24 °C.
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Figure 2: Time course of the temperature in the office room provided with a cooling
ceiling as the only source of cold and the additional demand for cooling power
required to maintain a temperature of 24 °C
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The analyzed cooling ceiling with a maximum cooling power of 40 W/m? does not
ensure the maintenance of a temperature of 24 °C inside the room; in the room
exposed southwards the air temperature reached in the hot season as much as
27 °C. Applying, however, additionally the already mentioned sources of cooling, i.e.
by decreasing the temperature of the ventilation air to 20°C, the temperature never
exceed 26°C in the room (max. 25.9 °C in the office exposed to the south). In
summer the thermal comfort is ensured by a temperature of 23+26 °C, i.e. during the
office hours the temperature is kept within the required range. The results of
simulations have also shown that in the case of a higher cooling power of the ceiling
amounting to 45 W/m? the maximum temperature in the office exposed to the south
does not exceed 24.6 °C.

Thanks to the strong accumulation of the cold in the heavy ceiling its effect is
perceptible also at night when the installation is put out of action. At night the
temperature does not exceed in the considered season 23 °C. A histogram of the
interior temperature has been presented in Figure 3.
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Figure 3: Histogram of the internal air temperature in the room (left graph) and the
PMV index in the investigated room (right graph) — air supplied temperature: 20 °C,
the office exposed to the south

The good energy efficiency of the cooling ceiling is connected with its properties of
the accumulation of heat. This system has proved to be particularly effective when
additionally other aiding cooling activities were involved.

The quoted results of simulations suggest that the technical solutions of cooling
systems assumed in the design of the building permit to maintain the conditions of
thermal comfort. In order to prove the feasibility of these assumptions within the
entire considered period of time, the actual values of the indices of the predicted
mean assessment of PMV have been determined (merely concerning the time when
the offices are used). Analyses of the obtained results have shown that the index
PMV is during most of the time when the office is occupied contained within the limits
of £0.2, and during 95% of the time within the limits of +0.5 (Figure 3)
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CONCLUSIONS

Office buildings as well as other structures of public facilities, the usage of which is
connected with the presence of a large number of people, raise the problem of
warranting adequate cooling.

Results of simulations have shown that all the three low-energy strategies of cooling
reduce the actual and seasonal demand for energy.

Natural night-time ventilation exerts a considerable influence on the internal
temperature, eliminating the need of cooling the room at night. It should, however, be
stressed that the purpose of cooling a considerable exchange of air must be
assumed. In fact, there may some difficulties turn up with the achievement of such
values, as well as problems connected with an intensive natural ventilation (the
hazard of draught etc.). Having to do with such a system, also adequate structural
elements of the building must be kept in mind which permit to remove a large amount
of air, e.g. an atrium.

Ceiling cooling has been approved to be a system which fully warrants thermal
comfort in offices and also allows to reduce the consumption of energy. The effect of
ceiling cooling proved to be much greater than any other considered technology.
Thanks to it cumulative ability the rooms can be cooled also during the night. Results
of simulation revealed even actual overcooling in the course of the first hours after
day-beak. The application of cooling ceilings permits to set down the peak demand
for cooling and to eliminate practically traditional such source of cooling as fan coils.

Potential profits resulting from the application of low-energy and passive technologies
are high. Although there are no essential technical obstacles, these technologies are
only scarcely implemented due to economical reasons.

References

ASHRAE Handbook-fundamentals. (2005). American Society of Heating,
Refrigerating and Air Conditioning Engineers, Inc., Atlanta, USA.

Clarke, J.A. (2001). Energy Simulation in Building Design, Butterworth-Heinemann,
London, UK.

Pfafferott, J., Herkel, S. and Wambsganss, M. (2004). Design, monitoring and
evaluation of a low energy office building with passive cooling by night ventilation.
Energy and Buildings 36, 455—-465.

Pfafferott, J, Herkel, S., Kalz, D. and Zeuschner, A. (2007). Comparison of low-
energy office buildings in summer using different thermal comfort criteria. Energy and
Buildings 39, 750-757.

Tuohy, P., McElroy, L. and Johnstone, C. (2005). Thermal mass, insulation and
ventilation in sustainable housing — an investigation across climate and occupancy.
9th Int. IBPSA Conf. Building Simulation. Montreal, Canada.

Voss, K., Herkel, S., Pfallerott, J., Loehnert, G. and Wagner, A. (2007). Energy
ellcient ollce buildings with passive cooling — Results and experiences from a
research and demonstration programme. Solar Energy 81, 424—-434.

4" Intern. Symposium on Building and Ductwork Air tightness eulz
30" AIVC Conference “Trends in High Performance Buildings...”

October 1-2, 2009, Berlin/Germany energie + umwelt zentrum




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


