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a  b  s  t  r  a  c  t

Based  on  an  analysis  of  building  processes  to  date, this  paper  proposes  two ways  to  make  Building  Infor-
mation  Modelling  (BIM)  and  with  it complex  building  processes  less  expensive  and  more  reliable.  First,
existing  experience  with  building  processes  that include  building-integrated  solar  systems  is  analysed,
as  they  are one  example  for buildings  with  high  energy-saving  goals.  Based  on  the  analysis,  the  authors
propose  to  include  a new  property  set and  functions  in  machine  code  in  the next  version  of  the  Industry
Foundation  Classes  (IFC).  For  the  machine-code  functions,  several  formats  are proposed  and  the  advan-
tages  and disadvantages  of  the  proposed  IFC  extensions  are  discussed.  For  simple  conventional  building
components,  the  existing  IFC version  4 seems  appropriate.  Buildings  with  innovations  that  add  com-
plexity  to the  building  process  can  profit  most  by the  savings  generated  by exchanging  machine-code
functions.  In building  processes  to  date,  much  information  is  not  shared  because  of  proprietary  matters.
Functions  in  machine  code  can  provide  the  necessary  confidentiality  so  that  more  capabilities  can be
exchanged  between  the  stakeholders.  Models  based  on machine-code  functions  can  be updated  much
faster  than  detailed  models  with  many  parameters.  With  machine-code  functions,  advantage  can  be  taken
of the  greater  accuracy  of  detailed  models,  as  long  as they  are  fast  and  easy  to  use.  The  modularity  of the
functions  stimulates  competition  between  alternative  approaches,  which  makes  simulation  models  less
expensive.  Finally,  exchanging  a  closed,  validated  simulation  model  in  machine  code  introduces  a  much
lower risk  of  error  than  exporting  and  importing  complex  simulation  models.

© 2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Scenarios for the energy transition such as [1,2] typically include
a reduction of the energy demand of buildings as well as renew-
able energy sources. The European parliament and council have
decided that from 2020 on, all new buildings have to be nearly zero-
energy buildings (NZEB) [3]. The energy-relevant requirements for
new and refurbished buildings are becoming more stringent, for
example in Germany with [4–8]. Housing companies continue to
reduce the energy demand of their building stock. Fig. 1 presents
a photo of social housing in Paris, France as an example that
includes a solar thermal facade. At the same time, more and more
“green buildings” fulfil the high requirements of certificates issued
by LEED [9], BREAM [10] and DGNB [11]. Buildings with certi-
fied sustainability may  also reach premiums on rents and sales
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prices [12,13]. Building-integrated solar systems can reduce the
investment compared to initially refurbishing the building enve-
lope and then adding solar systems later [14,15]. It is therefore
likely that solar building envelopes will become more and more
important for the construction industry, especially regarding high-
quality buildings that aim to achieve a zero energy balance or even
a plus energy balance. With the additional function as a converter
of solar energy, solar building envelopes are more complex than
conventional building envelopes. The current paper analyses first
the existing building process and experience with demonstration
buildings including solar envelopes, and proposes a method to
handle solar envelopes more cost-effectively. The building process
extends in this case from the planning phase, through construc-
tion, up to the facility management. Finally, the advantages and
disadvantages of the propositions are discussed and conclusions
are drawn.

The motivation of this paper is to identify methods that can
make the planning, construction, operation and recycling of build-
ings with high energy-saving goals more cost-effective. To date,
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Fig. 1. Photo of a solar thermal facade © Philippon − Kalt architectes urbanistes, RobinSun@web.de.

planners of buildings and their technical building plant can often
follow calculations defined by standards and favour stationary
simulations. When dynamic simulations are needed, specialized
planners often have their favourite simulation environments for
certain tasks and exchange the inputs and outputs of their simu-
lation with the other stakeholders of the building process. There
is a wide range of software programs available for building energy
performance simulation, each with its specific advantages and dis-
advantages [16,17]. This can lead to significant challenges when
the capabilities of several simulation environments are needed
to assess the building performance. Therefore, many contribu-
tions have been made to address these challenges. The source
code of a simulation model in one simulation environment has
been integrated into the source code of another simulation envi-
ronment [18,19]. Source code can also be translated from one
programming language to another [20]. Another option is offered
by co-simulation between several simulation environments as in
[21–25]. The easiest way is to use only one programming language,
because it is difficult to translate complex source code automati-
cally and achieve a result that allows short computing times. For
co-simulations, the licences of the involved simulation environ-
ments are necessary and the computing times are typically longer
because simulation environments operate at a higher programming
level while source code in a single language can use the hardware
more efficiently.

In general, it would be beneficial to have multi-language
multi-environment simulation models, which are able to include
functions provided in any programming language, which can be
used in any simulation environment and which also achieve short
computing times. As the simulation environments [26,27] use more
than one programming language for specific tasks [26,28] and are
available for more than one operating system, first steps are made
towards realizing this vision.

2. Theory

This section analyses building processes to date with their
opportunities and limitations.

Many building processes to date involve several stakeholders,
who receive the necessary input as text e.g. in an email or a 2D
report. Then they apply their own methods and tools and share their
results e.g. as another 2D report. This often functions, but much
information is lost; some information has to be generated by more
than one stakeholder and is not shared with other stakeholders
who could save costs by using it. It is also a risk for the quality of
the building process if only parts of the generated information are
shared because different stakeholders may  assume different values
for the information that has been withheld. Errors can also occur
when information is imported into a 2D report and exported from
such a report. One reason for this may  be the effort of sharing more
information, the confidentiality of some trade secrets and the fear
of being responsible for all shared information.

As the exchange of information can make the whole building
process more cost-effective and reliable [29–31], there have been
efforts by several companies within buildingSMART [32] to estab-
lish the Industry Foundation Classes (IFC) [33] as an open format for
exchanging information during the building process. For example,
the exchange of a 3D geometric model including semantic infor-
mation can save a lot of effort [34]. The building process is also
addressed by buildingSMART [35,36]. However, the IFC scheme
separates building components and elements of distribution grids.
Combined components like solar building envelopes have not yet
been introduced into the IFC and the processes. To illustrate some
specific issues raised by solar building envelopes, two  examples for
the integration of an innovative transparent solar thermal collec-
tor into two buildings will be analysed. The first is a case study of
a high-rise building and the second addresses the building process
for a demonstration installation of innovative technology.

During the development of a transparent solar thermal collec-
tor (TSTC) within the project described in [37], it became clear that
the energy-relevant properties of a solar thermal faç ade like the g
value (also known as “solar heat gain coefficient”, “solar factor” and
“total solar energy transmittance”) depend on the operation mode
of the faç ade collectors [38]. At the same time, the efficiency of
the faç ade collectors also depends on the building services that use
the renewably generated heat. At low temperatures, this efficiency
is considerably higher than at high temperatures. To evaluate the
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