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Hamburg. It was applied to a selected group of building
ABSTRACT usages of the tertiary sector and validated against results
fromapreleces or research-ipiddhhddt
which did a detailed analysis of the DSI potential of the
public buildings at medium voltage level in Hamburg. Basis
for the identification of the buildings, their basic features
J X ; . like building usage, floor spaces avell as their precise
characteristic data on the typical power installed in location was the GIS based digital city map of Hamburg.

buildings for HVAC (such as the VDI 38@) an  tpagigital city map of Hamburg provides a data base which
automated approach can be defined to achieve building contains detailed information about every single building in

speqifig data covering a whole city. Thispmdiscussgs a Hamburg like the buildingground area, number of flagr
fea5|blllty stuc!y for SUCh. an approgch that was'carru.ad out building usage, address and geographical location
e;]tthe Unlver5|ty of Applle_dcsencr:]es? collaboration W't? (coordinates). The data is available as an arc coverage file
the Harbour City University both of Hamburg. Out of a =\ ich makes it easy to establish maps for visualization.

tOt"’.‘I of about. 3.40'000 bl‘.'”di.ngs in Hgmburg the study  gjnce the German federal states all agreed upon a common
defined 832uildings of officdike use with a noteworthy design for their digital ciy map data bases (called

DSI potential from HVAC. The same method could be used « iiiches Liegenschafteatasteinformationsystem
to automatically analyse the DSI potential of other sectors ALKI S®” data) the
of building use the DSIfor a whole city and/or be

transferred to othr cities with similar dta base. Because

of the inherent connection to a GIS based data set the
results can be easily displayed in maps. The paper gives an
introduction into the method, shows some results achieved Approach

An Assessment of the Demand Side Integration Potential
from HVAC for whole cities can be achieved through a
detailed analysis of the building stock. Using GEsed
digital city maps in combination with usapased

applicable to the data sets of other German cities. Its general
approach shouldlsobe transferable to other digital city
maps of other citiesutside Germany

and discusses the approach and its transferability. Types of building usages taken into consideration

The data set of the digital city map covers 339.094
SCOPE AND APPROACH buildings (totalof Hamburg)with 128 possible different

building usagesSince the DSI potential is higtdepenént
Scope on the way of use of a buildintpis data set was scaled
The German energy turnaround is based omassive down toall nonresidential buildings from the tertiary sector
growthin distributedrenewableyet fluctuating electricity ~ ha vi n g alni k& d'hisulisitation was applied
generation sources. This calls for emually growing becauseof the fact thatfor buildings like these distinct

integration of flexiblelemand in order to be able to balance resultsabout their DSI potential were available from the

demand and gendianin the transmission gridaswellasin Predecessor r-tstdlhdi. project
the “last mile” of certain T§§Sselectiopn limitedithg gumber qf guildgigken intq, ¢

to achieve this, questions about the Demand Side furtherconsideration to 12.461.

Integration(DSI) potential of different sectors as well as the

precise location of these potensidh urban space are of ~Assessment of energy reference argand resulting
growing importance. energy uptake ofthe selectedcbuildings -

In this context a method to detect and map the DS potential Ap a r t  f r o ml itkhee” onlysfladigikuildings

of HVAC within the urban space was developed and tested where considered that. would have a S|gn|f|c§1nF energy
at the Center for Demand Side Integration of the University démand. For the study it was presurtteatonly buildings

of Applied Sciences Hamburg in qoeration with the with an annualenergy demand of more than 100 MWh
research group foramnputerbasedmethods inurban and would have a DSpotential in HVAC that would be worth

regional ganning at the Harbour City University in integrating in a virtual power plant or smart grid.
Lacking the real figures of the energy consumption of the
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buildings it is necessary to assess their likely energy uptake conditioned buildings are neither ventilated nor air

using energy performance indicators. In thase these conditioned at all. In order to be able to apply the described
figures were derived from a data base of the German met hod the “true” energy rela
Federal Ministry of Transport, Building and Urban ca® the air conditioned and/or ventilated floor space, needs
Development called “Rules ftobedelinedt A spurce forthisfisSidvhateaon thecbasts bfg u r e
for the noAar e si denti al bRedeld ifin g statistical andlysis @vérage percentage values for ventilated
Energieverbrauchswerte und  Vergleswerte im and air conditioned building areas for diffiat usages can
Nichtwohngebaudebet a n d ] ) In dinfilar cases be found

comparable data bases might be applicable.

The precondition of a minimum energy uptake of 100 RESULTS

MWh/a andfiltering all buildings of not clearly definable
multi-usages reduced the data set to maiging 832
buildings which can be regarded as an important
intermediate result of this feasibility study: It was possible
to identfy the 832 buildings of officdike use in Hamburg

for which a significant DSI potential can be expected out of
a total dataset of 340.000 buildings by using filtering rules
that are rather easy to define. The filtering process itself is
adjustable so that in other cases other filters can be defined.

The electricity demand of the selected 832 buildings was
estimated to be approx. 430 GY&hTheir installed power
for ventilation was determined to lie in betweef MW
(low projection) and 2Z MW (high projection) with 13
MW for a medium projectio.

The total installed power for cooling was approximated
between 20 MW (low projection) and 84 MW (high
projection) and a medium projection of. 6IMW. A more
distinctive result than the overall sum of the installed
capacity though is the frequency distrtion of the installed

Assessment of installed load for HVAC based on load

building usage and energy redrence area
For the find determination of the buildirgpecific DSI Frequency distribution of the load
potential form the installed HVAC existing performance
indicators wee used again. Code 3807Char act e
values of energy and water consumption of buildings
Section4Characterisi val ues for thd ec
German society of enginedpgerein Deutscher Ingenieure
VDI) was applied br this step In chapter 6 it provides
typical values for installed electric ventilation and cooling
loaddemands. [B
The main purpose of thebde is to give orientation when
evaluating the electrical demand of a building in ordéeto
able to determine reduction potentials in the different usage
sectors like lighting, heating, cooling efar this feasibility
study these performance indicats were used to asses
installedloads of HVAC in the data set following the simple
approach of 617
Px = exMx (W)

When @plying a frequency analysis to the results obtained
it become's %pparent that the largest share of the buildings
elected has only a limited a%nount of power installed for
\7AbCOnI§/ a %\% %Jﬂdings have a high capacity of
HVAC installed. This implies that the method tested is
suitable to identify and select those buildings within the

building stock that can lmnnected to a smart grid / virtual
power plant from the perspectitbat their load shifting
potential would presumably be able to deliver the expected
return on investment.

Figures 1 and 2 display the Parditee frequency
distribution of the installed load.

with:

e energy performance indicator for ventilatipay]

or cooling[ec] (W/mZ%g)

Ay energy related floor spadenrs).

The performance indicators in code 3807 sect.7 are
differentiated into 31 different usage zones and give
information aboutypical installed loads (W/rggy), full use
hours (h/a) and resulting energy demand (kWkégh3Five
categories of demand ar e Load range in kW igh?”,
“high”, “medium”, “1ow” an ggureY:Distibutibnofthe installedad for ventifatiohin t t e r
categories only apply to new and energy efficlauildings the 832 buildings selected.

thus serving as target values to define possible saving

potentialswithin the existing building stock. The time length for shifting or shutting off these loads

A rather serious mistake could be made by generally varies by the DSI approathatthe load is integrated into.
assuming that the total floor space of a building was Results from thlshkansdarscihg pa s
applicable as the energy relafeabr space. 4| shows that repetitive daily reductio of about 1/3 of the power can be

some usage zones in generally ventilated and air applied in most cases without affecting the comfort of the

Number of buildings
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building usersFeasbility studies undertaken by the utility
company of the city of Hannover suggest that for limited
periodsthetotal load for HYAC can be shaoff without the
building users noticing thi].
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Figure 2: Distribution of the installed load for air
conditioning in the 832 buildings selected.

Daily and vearly load profiles

To obtain conclusions about the dynamics of DSI
potential a graphical analysis was done displaying hours of
HVAC operation for the buildings during each hour of a
year. Hours of normal operation on working days were
displayed as well as weekends and holidays with a reduced
operation. For HVAC opation outdoor temperatures
consideredikewise. The results obtained are exemplified in
figure 3 displaying the dynamics of the electrical load for
cooling purposes in relation to weather data for Hamburg
for the year 2010.

m0-12

m12-24 24-36

Load in MW

Figure 3:Hourly load shapeof the electrical demand for
cooling for the 832 buildingresulting from climate data of
2010 (medium projection).

Similar projections have been obtained for the ventilation
loads using operation hours for the stamatDIN 1859910.

[7].
Mapping the DSM potential

A vital benefit of the method tested is the opportunity to
directlydisplay the results obtained in maps. Due to the lay
out restrictions connected to a conference paper this feature
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cannot be displayed hetea proper degree. The following
figure 4 may give an impressidhough It showsa map
section of Hamburgity centredisplaying the DSI potential

of several buildings using a colour index from dark green
(low potential) to bright red (very high potea.
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Figure 4. Map of Hamburgity centredisplaying the DSI
potential for HVAC in office like buildings.

VALIDATION

For validation purposes the results obtained in the feasibility
study were compared to the previously obtairesiilts of

t he-I sleand?”
potential of the 20 most load intensive public properties of
Hamburg were examined in detail doing site inspections.
For a number of these buildings the DSI potential was
estimated in theefasibility studyas wellthusoffering the
opportunity to compare field data to the resatitainedoy

the approach of the concept discussed in this paper.

li doing so it became obvious that the estimated load values
for ventilation tend to be too low. This especially so for
buildings of the wusage type
projection for the estimation of ventilation loads was
(though only slightly too low compared to real values.

In contrast to thishe medium projection for installed air
conditioning loads was found to be quite accurately
displaydsgande fendings.
Figure 5 displays the findings.
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