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Abstract: As a consequence of a variety of geo-political and technical developments, we are currently witnessing an increasing com-
mitment to renewable energy sources. In effect, communes react to these developments by undertaking solar energetic examinations
of new building projects. However, current research solely focuses on solar potential assessment for existing structures. Furthermore,
available software solutions do not consider relevant factors for decentralised energy generation right at the sfart of the analysis
and planning procedures of new buildings and urban areas. This paper presents a concept for solar energetic examination of new
building projects with special regard to communes’ needs. In a first step, we examined the particular requirements in communes.
Then, we created a holistic GIS-based concept for supporting the planning process of new building projects and validated it in a
prototypical realisation. Our results show that GIS is likely to be a linking element between different parties involved into the plan-
ning process for new building projects (not only for existing structures) such as communal planners, infrastructure operators, energy
producers and political decision makers.
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GIS-GESTUTZTES KONZEPT ZUR SOLARENERGETISCHEN
PRUFUNG VON NEUBAUVORHABEN

Zusammenfassung: Die verstdrkte Nutzung erneuerbarer Energien ist vor dem Hintergrund der Energiewende ein akiuelles Thema.
Die Kommunen reagieren auf diese Entwicklungen und fihren zunehmend solarenergetische Priifungen von Neubauvorhaben durch.
Akivelle Untersuchungen beschéftigen sich jedoch lediglich mit Solarpotenzialanalysen fir bestehende Strukturen. AuBerdem beriick-
sichtigen vorhandene Softwareldsungen die relevanten Fakioren fir eine dezentralisierte Energiebereitstellung nicht direkt zu Beginn
der Planung von neuen Gebauden und stadtebaulichen Entwiirfen. Dieser Beitrag stellt deshalb ein Konzept zur solarenergetischen
Prifung von Neubauvorhaben unter besonderer Beriicksichtigung der Bedirfisse der Kommunen vor. Zunéchst werden die Anfor-
derungen in den Kommunen untersucht. Auf dieser Basis erfolgen die Erstellung eines GIS-gestitzten Konzepts zur Unterstitzung des
Planungsprozesses sowie eine Validierung anhand einer profotypischen Umsetzung. Die Ergebnisse zeigen, dass GIS als Bindeglied
zwischen verschiedenen am Planungsprozess beteiligten Akteuren, wie Kommunalplanern, Infrastrukiurbetreibern, Energieerzeugern
und politischen Enfscheidungstrdgern, dienen kann (nicht nur fir bestehende Strukiuren).
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A GIS-BASED CONCEPT FOR SOLAR ENERGETIC EXAMINATION OF NEW BUILDING PROJECTS

1 INTRODUCTION

As a consequence of a variety of geo-
polifical and technical developments, we
are currenily witnessing an increasing
commitment fo renewable energy sources.
Particularly in Germany, the percenfage of
renewable energy has increased signifi-
canfly over the last years, mostly due to the
Renewable Energy Llaw (Emeuerbare-Ener
gienGesetz — EEG) (BMWI; BMU 2012).

This focus has two farreaching conse-
quences: First, from a consumer viewpoint,
lower consumption of energy and thus a re-
duction of energy-related expenses play an
important role. Second, at the same time,
many people are becoming more environ-
mentally conscious and want to live in a
more sustainable way {Umweltbundesamt
2008. They are well aware that they can
actively confribute to a fransition in energy
production and usage from fossil fuels and
nuclear energy to renewable sources by us-
ing solar energy.

In effect, communes are currently sfarting
fo react to these developments by undertak-
ing solar energefic examinations of new
building projects (Stadt Augsburg 2007,
EnergieAgenturNRW 201 1). Most current
approaches solely focus on using exisfing
infrastructure for decentralised energy gen-
erafion, for instance, by actively harvest
ing energy from solar panels mounfed on
commercial and residential buildings’ roofs.
Thus, new building projects are neglected in
most cases in solar potential analysis.

However, relevant factors for decentral-
ised energy generafion and savings need
fo be considered right at the start of the
analysis and planning of new buildings
and urban areas. The aims of solar ener-
gefic urban planning are 1. increasing
use of renewable energies and 2.) passive
as well as active energy savings. Relevant
factors are building's compactness and
orienfation, the slope of the roof surface,
shading, improved heat profection, and
efficient energy supply. Optimising these
parameters can lead to lower heating re-
quirements (Corefzki 1998).

By considering the above mentioned
factors, energ\/—efﬂcienf architecture can
be infegrated info an urban development
process. Yef, existing analysis software is
mostly inadequate and not sufficiently de-
veloped. This means that suitable software
fools, which enable an automatic analysis
and planning, are missing.

98 | gis.SCIENCE 3/2013

This paper presents a concept for solar
energefic examination of new building
projects with special regard to communes’
needs. Our work contrasts or extends previ-
ous work in two ways: first, by considering
new building projects instead of existing
builf structures; and second, by focusing on
urban planning processes rather than on
individual buildings.

The methodology of the research pre-
sented within this paper is as follows. In
a first step, we examined the particular re-
quirements in communes and their actual
need for solar potential planning fools.
For this purpose, we developed a ques-
fionnaire, which focuses on assessing the
requirements for the use of Geographic In-
formation Systems (GIS) based software for
planning new buildings and urban areas
under thorough consideration of solar en-
ergetic aspects.

On the basis of the survey results, we
developed a GIS-based software concept
fo support the growing need for leveraging
renewable energies, which in tun requires
consideration of numerous small, region-
ally spread energy sources. Our results
show that GIS can potentially be a linking
element between different participants like
communal planners, infrastructure opera-
fors, energy producers and political deci-
sion makers.

This paper is structured as follows: This
introduction is followed by a section on
related work. Thereafter, we elaborate on
our methodology and requirements analy-
sis in section 3. The concept is presented
in secfion 4 and is followed by the results
of the practical redlisation in section 5. Fi-
nally we give a conclusion.

2 RELATED WORK

Climate protection is increasingly integrat-
ed in urban planning. Various communes
have already made approaches for energy
savings and CO, reductions by using solar
energy. Examples include Stadt Augsburg
(2007) and EnergieAgentur. NRW (2011).
In the 1990s, Goretzki (1998) already de-
veloped paperbased templates as well as
a software programme as tools fo support
solar energetic urban planning.

Regarding the energy transition to re-
newable energy sources it is important fo
develop new supply concepts. Decentral-
ised as well as centralised approaches like
smart grids and super grids are possible,

which can also be combined with each
other [Kropp 2010).

Stri- & Hofierka (2004) developed a
process that generally deals with solar ro-
diation analysis using the GRASS GIS func-
tion r.sun. Furthermore, there are different
methods for calculating the incident radio-
tion for building facades from Cameiro et
al. (2009), Jochem et al. (2011), Héfle
(2012) or Hofle & Jochem (2012) on the
basis of laser scanning data.

The current approaches focus on exist-
ing building sfructures on the basis of laser
scanning data. In confrast, this paper deals
with new building projects. The building fa-
cades’ position and aspect are known as
the buildings are planned and modelled
by ourselves. Thus, laser scanning data is
not required. Nevertheless, point based
methods are also conceivable for solar ro-
diation analysis. This work analyses and
shows the possibilities of a GlSbased re-
alisation. This is especially important as it
deals with a spatial question and the meth-
ods for solar radiation analysis are based
on GIS funcfions.

3 REQUIREMENTS ANALYSIS FOR
SOLAR ENERGETIC EXAMINATIONS
OF NEW BUILDING PROJECTS

For assessing communes’ needs in ferms of
solar energetic planning of new buildings
and urban areas, we designed a ques-
tionnaire containing ten questions. On the
one hand side, they deal with tools and
programmes that are already used for so-
lar energetic examinations, their possible
deficits and their frequency of use. On the
other hand side, the requirements for future
software, the use of GIS as well as legal
frames and regulations that have to be ob-
served, are queried.

The questionnaire has been realised us-
ing the online service SoSci Survey (SoSci
Survey 2012). The evaluation has been
performed by using the sfatistical software
SPSS (IBM SPSS Statistics 2012). Altogeth-
er, about 300 communes were surveyed,
of which on average of 73 answered the
questions.

This section presents the results of the
user study. The result discussion and infer-
prefafion for each question are done in
sub-section 3.1 separately for every ques-
tion, whereas an overall discussion and
conclusion for the survey are presented in
sub-section 3.2.
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Figure 1: Number of communes that regard the consideration of solar energetic parameters as “very
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3.1 USER STUDY

Question 1 asked whether a commune
already performs solar energefic examina-
tions for new building projects [yes/no).
Only 18.4% (18 out of 98) of the surveyed
communes answered this question with
"yes". This low number is quite surprising —
even though the authors expected a rather
low percentage — as a higher number would
have been perfectly plausible considering
the ongoing public debate subsumed under
the ferm “energy fransformation”. Yet, this
low percentage clearly underpins the need
of the performed survey and the research
presented within this paper.

Question 2 asked, which tools and pro-
grammes communes are currently using for
solar energetic examination of new build-
ing projects. Participants could specify up
fo five tools and programmes in freefext
answers. Some communes are using a spe-
cialised software tool and some even sfill
execute a manual analysis of the planning
using paperbased templates. This again
shows the necessity for fostering com-
munes’ awareness for the opportunities of
using GlS-based analysis software in plan-
ning new building projects.

Question 3 asked about the usability of
currently used tools and programmes.
Answering possibilities were pre-defined:
"very good”, “good”, “acceptable”, “rath-
er bad”, "bad”. The usability of the spe-
cialised software programme is only rated
as "acceptable” because the programme’s
handling, data output and fransfer are dif-
ficult. A major disadvantage is that it works
at DOS level, so that the compatibility with

important”, “medium”, “less important” and “not important”

other programmes and data formats can-
not be guaranteed. On the other hand, the
manual analysis is rated as “good”.
Question 4 asked to specify deficits of
these currently used fools and programmes.
To make the question easily understandable
to all test persons, who potentially have het-
erogeneous educational backgrounds and
knowledge bases, a few possible criteria
such as map portrayal, functionality, inte-
gration with other systems, supported data
formats, etc. were given. The specialised
software programme is criticised mainly
because of its data output, the integration
with ofher systems as well as the layout
of resulting maps. The manual analysis is
rated as not accurate enough.

Question 5 asked how often the available
tools and programmes are used. Four out
of six communes undertake solar examina-
fions at every planning or offen, two only
at times.

Question 6 asked whether communes
consider software for supporting planning
processes in solar energetic examinations
of new building projects useful. The ques-
fion was asked in a yesno fashion with
an additional possibility of giving free-fext
comments. 58.9% (43 out of 73) of the
communes regard such software as practi-
cal and helpful. The freetext answers show
that the focus should not be sef on indi-
vidual construction projects, but on urban
planning. A newly developed software
fool should provide functions for calculat
ing the passive solar potential, the reasons
for reduced solar gains (e. g. unfavourable
orientation or shading) and the examina-
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fion of incident radiafion according to
DIN 5034 (German norm for daylight in
interiors) and possibly determination of the
active solar potential.

Question 7 asked whether communes are
already using Geographic Information Sys-
tems (GIS). Additionally fo a yes-no choice,
participants were asked to name the GIS
fools they are currently using. Regarding
the GIS-based concept, which is to be de-
veloped, it is remarkable that 97.3% (72
out of 74) of the communes already have
experience in using Geographic Informa-
fion Systems. ArcGIS is the most frequently
used GIS software tool.

Question 8 asked, which legal regula-
fions communes need fo comply with
when performing solar energefic exami-
nations. The freefext answers concerning
these laws and regulations comprise the
German Building Code (Baugesetzbuch
— BauGB) and the corresponding building
codes of the individual federal states, the
Renewable Energy Heat Act (Erneuerbare-
EEW&ErmeG)
as well as the Energy Saving Ordinance
(Energieeinsparverordnung — EnEV). In ad-
dition, some communes have established
their own directives, design statutes or de-
ferminations in land use plans.

Question 9 dealt with the communes’ notion
of the importance of considering solar en-
ergetic parameters already in the planning
phase of new building projects. Answering
possibilities in this closed question were
“very important”, “important”, “medium”

Energien-Warmegesetz  —

1

“less important”, and “not imporfant”. As
shown in Figure 1, a percentage of 74.3%
(55 out of 74) regard the consideration of
solar energetic parameters as “very impor-
fant” or “important”. This indicates that the
communes realise the importance of solar
energetic examinations.

Question 10 finally asked whether com-
munes would perform solar energefic ex-
aminations themselves or whether they
would hand this task over to an external
service provider. 70 communes answered
this question: 25.7% indicated that they
would perform the examinations them-
selves, whereas 45.7% would contract an
external company with this task. 12.9%
indicated that they would do both. This in
furn means that there is a significant de-
mand for service provision in the area of
solar energetic examinations for new build-
ing projects.
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3.2 CONCLUSIONS FROM
THE USER STUDY

The user study shows that only few com-
munes perform solar energefic examina-
tions of new building projects until now,
but the interest and the need are widely
present. This becomes apparent as the
majority of communes would appreciate
software for solar energetic examination
of new building projects and almost 75%
regard the consideration of solar energetic
parameters at the planning as “very impor-
tant” or “important”.

Therefore, the aim of the concept,
which is to be developed, is to increase
the percenfage of communes performing
solar energetic examinations of new build-
ing projects by providing a usable and
comprehensive software tool. Here, the use
of GIS plays an important role as almost all
communes have experience with it. That is
why a future tool for solar energefic exami-
nation on the basis of CIS is desirable and
reasonable. Furthermore, it has to be sim-
ple, understandable and easy to handle.

An evaluation of different software has
shown that most programmes regard just
one aspect of solar energetic examination
or do not consider interactions between the
factors. A user friendly fool may stimulate
the communes’ readiness to perform solar
energetic examinations and thus increase
their percentage.

4 GISBASED CONCEPT FOR SOLAR
ENERGETIC EXAMINATION

The survey presented in section 3 con-

stitutes the basis for the development of

a GlISbased concept for solar energefic

examination of new building projects. It

shows that there is a need for acfion as

most communes do not consider solar ener-
gefic parameters in their planning projects
although they regard them as important.
The general aim of the concept is that a
wide range of communes will perform so-
lar energetic examination of new building
plans in the near future. Therefore, it is nec-
essary fo develop a concept that includes
all relevant solar energetic factors. In the
next step, workflows have to be optimised.
This can lead o an improvement in effi-
ciency of solar energetic examinations of
new building projects. In the future, solar
energetic factors should not only be con-
sidered in the planning of special solar set
flements with passive houses or so-called
"three-liter houses”, but become a standard
procedure in every planning process. The
following paragraphs list the main factors
that we have identified fo be essential in
solar energetic urban planning, including
their limiting aspects.

Generally, the loss of incident radia-
tion due to unfavourable orientation, shad-
ing and topography should be reduced to
20%. Therefore, at first the deviation of the
main building facade from south direction
should not exceed 45°. Furthermore, the
shape of the building’s construction should
be compact with minimal dissection or off-
sef. The compactness is expressed by the
A/V ratio, which is defined as the ratio
of area (A) over volume (V] and should
not exceed 0.65 m” on average (Energie
AgenturNRW 201 1).

Energetically favourable roof types are
flat, saddle, pent or barrel roof. The ideal
roof pitch for an active use of solar power
by photovoltaic systems lies between 25°
and 45°. In order fo reduce shading fo a
minimum, the distance between neighbour-

ing buildings and frees has to be large
enough. This distance is dependent on the
heights of the buildings and the trees. The
characteristic value that expresses this issue
is the so called A/H ratio (distance over
height (H)). For buildings it should not be
smaller than 2.7 and for trees it lies be-
tween 1.5 and 2.7 depending on the free
species and the trees position (Gorefzki
1998).

The solar radiation analysis plays an
important role in solar energetic examino-
fion. It requires a Digital Elevation Model
(DEM) of the examination area with all
buildings and vegelation objects. The
main challenge is to calculate the incident
radiation for the building facades. There
are different approaches from Carneiro et
al. (2009), Jochem et al. (2011), Hofle
(2012) or Hofle & Jochem (2012) to solve
this problem.

In this context, the incident radiation ac-
cording to DIN 5034 has to be examined
in order to guarantee sufficient brightness
for living rooms. The possible period of
incident radiation should amount not less
than 1 hour for at least one living room on
17 January (Norm DIN 5034).

In compliance with EnEV 2009, heat-
ing requirements have to be calculated ac-
cording fo different DIN standards which
are in particular DIN 'V 18599 (Energy effi-
ciency in buildings), DIN EN 832 (Thermal
performance of buildings), DIN'V 4108
(Thermal insulation and energy economy
in buildings) and DIN V 4701 (Energy ef-
ficiency of heating and ventilation systems
in buildings).

Summarising, the proposed concept
considers all factors that are relevant for
solar energetic use in new building pro-

Y g

~

l

Figure 2: Input data with planned buildings and tree positions
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Figure 3: Compaciness — A/V ratio
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Figure 4: Distance — A/H ratio

iecfs. Thus, the requirements in communes,
which were found out in the user study,
are fulfilled. For an efficient realisation, it
is necessary fo include the mentioned fac-
fors in a performant workflow. The user
study has shown that instead of developing
a software tool, it is also possible to pro-
vide a service. The majority of communes
stated that they would also confract an
external service provider with the calcula-
fion. The main steps include the modelling
of the buildings, the calculation of the rel-
evant factors and possibly an opfimisation
of these factors. An approach for a GIS-
based realisation is presented in the follow-
ing section.

5 PRACTICAL REALISATION,

VALIDATION AND RESULTS
The criteria described in section 4 can be
analysed fo a large extent by using GIS
software. In our first prototypical practical
validation, the calculations of the orienta-
fion of the main building facades, the A/V
ratio and the A/H ratio were realised by
using the ArcGIS Model Builder. Gener-
ally, the solar radiation analysis can be
performed by using the ArcGIS Solar Ra-
diation tools or the r.sun module in GRASS
GIS. After a first calculation, the factors can
be optimised and recalculated in case of
great solar losses.

Calculations were performed on a test
area, which is a development plan area
located in the city of Dortmund. The input
data are usually dxF or dwgdiles contain-
ing typical elements of a development
plan, which are specifications for build-
ing locations regarding building lines and
setback lines, eaves heights, roof pitches,
locations of trees efc. In order fo work with

Figure 5: Global radiation within one year in kVWh

these dafa in ArcGIS the elements were
converted to ESRI Shapefiles. For test pur-
poses simplified assumptions for buildings
and tree heights were made, which are
described in the following. As a maijor city,
Dortmund is representative of the conflict
between creating enough living space
on very small areas and solar energetic
urban planning, which requires specified
distances between buildings. The factors
orientation, compaciness as well as dis-
fance to neighbouring buildings and trees
were calculated by using ArcGIS functions.
Furthermore, a solar radiation analysis was
performed. The following paragraphs pre-
sent the results.

Figure 2 shows the input dafa of an
extract of the examination area with the
planned buildings and tree positions.

The building’s compactness, defined by
the A/V ratio (area over volume), is shown
in Figure 3. It was calculated for each
building assuming saddle roofs with eaves
in a height of 3 mefres and fops in an ad-
ditional height of 4 mefres. Only the build-
ing in the lower right corner complies with
the limiting value of 0.65 m™'. This is due
to the relatively low building heights which
are often higher in practice and should
also be reconsidered in this planning.

The main building facade, which is
the longest and closest to perfectly south-
oriented building side, is displayed as a
bold line in Figure 4. The facades whose
orientation deviafes more than 45° from
south are highlighted in red. These build-
ings have to be optimised by performing
a rofation. The minimum distance fo neigh-
bouring buildings and frees is dependent
on their heights and defined by the A/H

ratio. For instance, for 7 m tall buildings

and a 2.7 fold building height, the mini-
mum distance is 18.9 m. Assuming 8 m
fall frees and a 2.0 fold tree height, the
minimum distance is 16 m. Figure 4 illus-
frates these minimum distances as buffers
around the main building facades with a
width of 18.9 m and buffers around the
centre of the trees with a width of 16 m.
In particular, the spaces between the three
buildings in the northwest part need to be
enlarged. Trees have fo be planted more
economically and should especially not
be placed south of buildings (cf. Goretzki
1998).

Figure 5 shows the results of the solar
radiation and shading analysis that was
performed by using the GRASS GIS mod-
ule rsun. For this purpose, a DEM of the
examination area with all planned and
existing buildings as well as trees was cre-
ated. PVGIS was used as the solar radia-
tion database. Then, the global radiation
within one year in kWh was calculated for
the roof areas. The solar radiation is rela-
fively high on the southern side of the roofs.
It is only affected by frees. The next step is
to perform the solar radiation analysis for
the building facades. This can be done by
calculating the solar radiation at the height
of the windows considering the number of
storeys.

6 CONCLUSION

As a consequence of a variety of geo-po-
litical and technical developments, we are
currently witnessing an increasing commit-
ment fo renewable energy sources. Particu-
larly in Germany, the percentage of renew-
able energy of gross power consumption
has increased fo 22.9% in 2012, mostly
due fo the Renewable Energy law (Er-

gis.SCIENCE 3/2013 | 101



A GIS-BASED CONCEPT FOR SOLAR ENERGETIC EXAMINATION OF NEW BUILDING PROJECTS

neverbare-Fnergien-Gesetz — EEG) (BMU
2013).

In effect, communes react to these de-
velopments by undertaking solar energetic
examinations of new building projects
(Stadt Augsburg 2007, EnergieAgentur.
NRW 2011). However, current research
solely focuses on solar pofential assessment
for existing structures. Furthermore, avail-
able software solutions do not consider
relevant factors for decentralised energy
generation and savings right at the start of
the analysis and planning of new buildings
and urban areas. Additionally, existing
analysis software is mostly inadequate and
not sufficiently developed. This means that
suitable software tools, which enable auto-
mated analysis and planning, are missing.

This paper presents a concept for so-
lar energetic examination of new building
projects with special regard to communes’
needs. In a first step, we examined the par-
ficular requirements in communes. For this
purpose, we developed a questionnaire,
which focuses on assessing the require-
ments for the use of Geographic Informo-
fion Systems (GIS) based software for plan-
ning new buildings and urban areas under
thorough consideration of solar energefic
aspects. Our work confrasts or extends

previous work in two ways: first, by con-
sidering new building projects instead of
existing built structures; and second, by fo-
cusing on urban planning processes rather
than on individual buildings.

The results of the survey show that only
few communes perform solar energetic ex-
aminations of new building projects until
now, although the inferest and the need
are widely present. Besides, the use of
CIS plays an important role as almost all
communes have experience with it. There-
fore, the concept focuses on increasing the
percenfage of communes performing solar
energetic examinations by developing a
simple, understandable and easy to han-
dle tool on the basis of GIS.

In @ next step, we have poinfed out the
main aspects and factors of solar energetic
examinations and validated them in a pro-
fotypical realisation. Even though the limit-
ing values have not been accounted for in
every way in our prototype, the test calcu-
lations show that solar energefic analyses
are generally feasible with the help of GIS.

On the basis of the survey results, we
developed a GlS-based software concept
fo support the expansion of renewable
energies, which in furn requires considera-
fion of numerous small, regionally spread

energy sources. Qur results show that GIS
is likely to be a linking element between
different parties involved info the planning
process such communal planners, infro-
structure operators, energy producers and
political decision makers.

Moreover, the results of our research
show that communes have a strong de-
mand for software tools that support solar
energefic examinations. This in furn requires
farreaching and transparent infegration of
citizens info planning processes. Thus, par
ficipation in the planning process and pro-
vision of sound information, for instance, in
a WebGlIS, is important for cifizens. The
advantages of solar energetic examina-
tions lie in energy savings and CO,, reduc-
fions, good image and markefing of the
solar seflements, as well as competitive
advanfages.

Summarising, it can be stated that com-
munes are able fo influence the energy
efficiency of new buildings through using
ClSbased planning tools. Like this, climate
protection concems can be infegrated early
on in the planning process. Thus, the condi-
tions for optimal usage of solar energy can
be established right from the sfart instead of
refrofitting existing structures in an artificially
induced urban reshaping process.
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