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ABSTRACT

The influence of ventilation on the energy performance of a building is generally considered to be quite
high. It rises clearly, when a building contains large-volume spaces. A famous example building for
that is the Reichstag building in Berlin, housing the German parliament. The huge plenary hall in the
building’s centre, which occupies only 4% of the total net floor area but 20% of its net volume, is
equipped with a powerful air-conditioning system. The remarkable effects of slightly different settings
of this ventilation system on the building’s energy performance are illustrated by example calculations
based on the German standard “DIN V 18599: Energy efficiency of buildings”. Extending the system’s
operating time significantly increase the zone’s energy use by up to 205%, when running the system
throughout the whole year, leading to a growth of the building’s total delivered energy of 18%. A clear
influence is also shown by the existence and quality of heat recovery, which is analyzed by stepwise
improving the recovered heat coefficient from 0 to 45%, 60% and 75%. The latter reduces the zone’s
heating energy by half and that of the whole building by 6%. In conclusion, the analysis clearly
demonstrates the high impact of ventilation in large-volume spaces. Consequently, especially for
these areas, an energy efficient air-conditioning system should be installed and a reasonable
ventilation strategy developed, as realized in the Reichstag building.
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INTRODUCTION OF THE EXAMPLE-BUILDING
The German parliament building “Reichstag”

The Reichstag building, shown in figure 1, which is located in the government district
of Berlin, was built during the years 1884 - 94 to house the Reichstag, the first
parliament of the German Empire. It was planned by the architect Paul Wallot in the
style of neo-renaissance. Due to a fire in 1933 and to consequences of the Second
World War the building was severely damaged and not rebuilt until the reunification
of Germany in 1990. After years of renovation and modernisation, following plans of
the well-known architect Sir Norman Foster, the Reichstag building was reopened in
1999, again as meeting point for the German parliament.
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Figure 1: The Reichstag building in Berlin

The point symmetric building with its four corner towers, two open atriums and the
famous glass dome on top of the building consists of seven full storeys and two
intermediate storeys covering parts of the building. Opposite the glass dome, there is
a small restaurant located on the roof. In total the building’s net floor area is
approximately 46 000 m2, 40 000 m? thereof are heated, taking in a net volume of
about 232 000 m>.

The plenary chamber

Figure 2: The plenary chamber, view from the main entrance

The plenary chamber, located in the centre of the building occupies 1 700 m? net
floor area and 47 000 m® net volume. That's equivalent to only 4% of the total
building’s net floor area but 20% of the net volume. The plenary hall’s floor level is on
the first floor, where its main entrance is located as well as several small rooms for
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technical equipment, press and translators. In height it ranges over five floors up to
the roof. There, on top of the hall, the glass dome is put, which includes the
chambers ventilation shaft. The 700 seats are arranged in a circle. The speaker’s
desk is located on the Eastern side of the hall, below the huge Federal Eagle, which
dominates the view from the main entrance, as shown in figure 2. Visitors can follow
discussions open for public sitting on the visitor-tribunes, which can be entered from
the first mezzanine floor, also called visitors’ floor as it practically consists of a large-
area gallery from which most of the spaces of the first floor, the main storey, can be
seen.

Certainly, the plenary hall can be considered a large-volume space, which is
additionally equipped with a powerful air-conditioning system fulfilling the tasks of
heating, cooling and ventilating. The ventilation system is located underneath the
plenary chamber and the air flow reaches the hall on numerous points beneath the
seats, as shown in figure 3. Consequently, the high influence of ventilation therein on
the energy performance of the whole building can be demonstrated using the
Reichstag building as suitable example-building.

Figure 3: Sketch of the air flow in the plenary chamber (“Plenarsaal”)

The energy performance of the Reichstag building

The energy performance of the Reichstag building is an exemplary manner for a
highly energy efficient building as approved by its Energy Certificate, which is
displayed in the building’s main entrance. There, a primary energy value of
270,9 kWh/(m?a) is shown, depicted by the big arrow above the scaling, which clearly
falls below the requirements, depicted by the two thin arrows, as shown in figure 4,
an extract of the Energy Certificate. The left thin arrow shows the value required for a
respective new building and the right one that for a building with major retrofits, both
values follow the requirements of the German regulation for energy saving in
buildings and building systems.
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Figure 4: Detail of the Energy Certificate of the Reichstag building, showing the primary energy
ranking

The energy use of the plenary chamber, which represents a single zone, accounts for
13% of the total delivered energy, even though it occupies only 4% of the building’s
net floor area. Recalling the big volume of the hall, which occupies 20% of the
building’s net and 17% of its gross volume, the double-digit number above is barely
surprising. Instead it allows conjecturing the high influence of large-volume spaces.
The zone’s energy need consists to 43% of heating and to 36% of cooling energy, to
17% of energy for ventilation and to 4% of lighting energy. Especially the first three
components, which cover 96% of the total energy, can be influenced by setting and
regulation of the ventilation system.

EFFECTS OF DIFFERENT VENTILATION SETTINGS ON THE BUILDING’S
ENERGY PERFORMANCE

In the following the results of several example calculations are presented, concerning
slightly different ventilation settings, implemented only in the system of the plenary
hall. These changes are not necessarily reasonable per se and partly presenting
fictitious settings and situations, but they are suitable to demonstrate the effect of
sometimes little changes. The calculations are based on the German standard “DIN
V 18599: Energy efficiency of buildings”, a holistic approach for the calculation of
energy needs, delivered energy and primary energy for heating, cooling, ventilation,
domestic hot water and lighting. For the application of the standard’s methods, the
building needs to be divided in different zones, presenting areas of the same use
equipped by equal technical systems, such as heating, cooling or ventilation. In
addition, as required for the preparation of energy certificates, standardized user
profiles are applied, which were not adapted to the special needs for a parliament
building.

The Reichstag building was divided into 15 zones, covering the use for offices,
conference rooms, plenary chamber, corridors and staircases, lavatories,
engineering rooms, Kitchens, refectories and the restaurant as well as different
heating, cooling and ventilation systems. In the following example calculations, only
litle changes regarding the ventilation system of the plenary chamber are realized. In
all other zones no changes at all are applied. Nevertheless the influence on the
energy need of the zone “plenary chamber” as well as that of the complete building is
clearly visible.
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Effects of changes in operating time

A simple but influential way of changing the setting of the air conditioning system is to
vary the operating time. In the following example calculations it is increased in two
steps: First, the system’s operating time is changed from 12 to 24 hours a day.
Second, it is assumed that the system runs throughout the whole year, which means
24 hours a day on 365 days per year. Both cases are generally not suitable to fulfil
the standardised user profile of 10 daily usage hours on 150 days of the year, as
required for the energy performance certification. Nevertheless these settings may be
used when the system is not properly adapted, or they might even be necessary or at
least the easiest way to provide the comfort expected, when the room’s time of use is
inconsistent and impossible to predict.

TABLE 1: Percental increase of delivered energy due to extended operating time of the ventilation
system in the zone “plenary chamber”

Basic Case Increase of Delivered Energy

Period of Use: 10h/d, 150d/a Heating Cooling Ventilation Total
(o] ting Time: 12h/d, 150d/ . . - -

perating time a Zone | Building | Zone |Building Zone |Building | Zone | Building
Operating Time: 24h/d, 150d/a 42% 4% 87% 10% 100% 10% 59% 5%

Operating Time: 24h/d, 365d/a 20% 10% 340% 39%| 386% 38%| 205% 18%

Table 1 shows how extending the operating time increases the energy need of the
zone “plenary chamber” itself and that of the whole building. These notable effects on
the building’s energy need, caused only by the continuous operating time of one
zone’s air conditioning system illustrate the high influence of a large-volume space
on the building’s energy performance. These findings emphasize the importance of a
suitable adjustment of ventilation systems, as badly adjusted systems may lead to
enormous but unnecessary need of energy.

Effects of changes in heat recovery

Effective heat recovery systems are nowadays state-of-the-art. Nevertheless in older
ventilation systems they are often not included and not always installed afterwards,
despite their high impact on the heating energy. This impact is demonstrated in the
following by running several calculations with varying only the heat coefficient factor
of the plenary hall’s air conditioning system, which is again especially influential due
to the large volume of the plenary chamber.

TABLE 2: Percental decrease of delivered energy due to changes in the quality of heat recovery

Decrease of Delivered Energy

Basic Case Heati Total
No Heat Recovery eating ofa

Zone |Building] Zone |Building
Heat Recovery Coefficient 45% -33% -4%) -22% -3%
Heat Recovery Coefficient 60% -42% -5%] -28% -3%
Heat Recovery Coefficient 75% -48% -6%| -32% -4%
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Table 2 depicts the high influence of existing high-quality heat recovery systems,
which practically halves the heating energy use of the zone “plenary chamber”. Even
though the other energy consuming aspects cooling, ventilation and lighting are
hardly affected and consequently not presented in the table, the total heating energy
of the building can still be reduced by a third. Also the delivered energy of the
complete building is noticeably affected, despite the small percentage of the zone on
the net floor area. Again, that high impact can be explained by the large volume of
the hall.

CONCLUSION

In buildings containing one or more large-volume spaces, which are ventilated and at
least partly heated and cooled by air-conditioning systems, the influence of quality,
settings and control of these systems on the energy performance of the whole
building is very high. As the example calculations show, even small changes in
controlling, like simply extending the system’s operating time, lead to crucial
increases in energy use. As these extended times may easily occur as consequence
of either lacking accurancy in controlling and management or due to inpredictable
periods of use, the focus on careful and reliable controlling of the ventilation systems
is essential, in particular in large-volume spaces.

Also the existence of a high-quality heat recovery system, especially when the
ventilation system is completely responsible for heating the large-volume space, is
crucial, as the heating energy use can be reduced by half. Heat recovery is not only
state-of-the-art but obviously highly effective. Consequently, older systems with no
heat recovery should be retrofitted, either by including a heat recovery system or by
exchanging the central ventilation system. In addition, heat recovery systems of low
quality are worth to be upgraded, as noticeable savings can be achieved. Again,
those adaptions are especially effective for large-volume spaces.

The Reichstag building in Berlin with its plenary chamber presenting the large-
volume space, occupying only 4% of the net floor area but 20% of the net volume,
was not only a suitable example-building used as basis for calculating several
variations. It also exemplifies how a building of such a size including a huge hall can
be very energy efficient, as the energy certificate demonstrates.

This study was performed within a contract of BBSR, on behalf of the German
Ministry of Traffic, Building and Urban Affairs (BMVBS), concerning the energy
performance certification of the Reichstag building.

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


