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The flexibility of a property and the ability of facilities management (FM) to react to changing user demands,
demographic development, etc. are imperative for sustainable environmental, economic and social urban de-
velopment. Due to missing methods and tools this “system behaviour™ plays a minor role in economic ap-
praisals of the stakeholders in Real Estate Business.

In the research and development project “discreteFD” at the Swiss Federal Institute of Technology Zurich
(ETH Zurich) discrete event simulations were developed in cooperation with the Swiss industry partners
SUVA and redKG and the German BASF AG, which map “system behaviour™ of facilities and facilities
management across the life cycle of a property. As a consequence, urban real estate development concepts
can be optimized for sustainable use over a single day and the entire life cycle. As a consequence risk man-
agement and the optimisation of real estate development concepts advance to a new level.

The project team translated alternative model mappings of the relevant components and behavioural patterns
of the property during the life-cycle into Architecture-Spikes (test implementations) in order to immediately
examine the effectiveness of the new concepts and life-cycle models for practice and to provide the opportu-
nity to find the optimal software architecture for the problem defined. Subsequently the models were trans-
lated into software and verification and validation were carried out to examine the plausibility of the abstrac-
tion of a real system.

Empirical tests of the new simulation models and the software tools proved that the complex dynamic sys-
tem of Real Estate and Facilities Management can be evaluated more precisely via discrete event simula-
tions, thus achieving an enormous optimization potential for Real Estate Development (RED) and Facilities

-
D

Management.

Introduction

Due to the increasing pace in which both individual
lifestyles and the general economic situations of
companies change, properties that are inflexible,
poorly interpretable, badly managed and/or have high
operating costs no longer meet the changing needs of
users or tenants. The results of this development can
be observed in many cities. Properties arc vacant,
renovated for alternative use at high costs or demol-
ished for redevelopment at an early stage of their life
cycle. As a consequence, neither the targeted return
on capital nor a sustainable use is achieved.

Research at the ETH Ziirich showed that institutional
investors as well as users increasingly develop build-
ings which are flexible in their use over time. Within
in the framework of the research and development
project “discreteFD™ funded by the Kommission fiir
Technologie und Innovation (KTI) the ETH Ziirich
developed in cooperation with its partners SUVA,
redKG and BASF AG new concepts of real estate
development where the layout of the building is de-
veloped simultaneously with the respective facilities

management concepts. As a result these concepts
ensure successful long-term investments. Even
though improved risk management and the taping of
the market for service-enhanced properties represent
the current research objectives in real estate, so far
adequate methods and tools to evaluate and estimate
the risks of this new type of facilities as well as for
the optimisation of building, use, financing and op-
eration concepts are lacking i.e. to prepare facilities
for a dynamic and complex future.

The objective of the project “discreteFD™ was to
understand current and future business models within
real estate development, to find adequate abstractions
for the application of simulations in lifecycle-oriented
real estate development and to develop simulation
tools for risk management and the optimisation of
concepts.

1  Research and development approach

Research at the ETH Ziirich regarding Discrete Event
Simulations (DES) relates to facilities developments
defined as the phase prior to the actual building plan-
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ning and to projects where building, use, financing
and operation is developed in an integrative way. It is
based on the thesis that the adaptability of a building,
its interpretation potential i.e. its fitness as well as the
types of management within the operating phase and
the property-related services are critical for sustain-
able property value and use. In the preliminary stud-
ics the concepts of facilities management are to be
optimised regarding possible future events on which
developer or operator have no bearing. This seems
evident  concerning owner-occupied properties
(CREM) and public real estate (PREM), but also
regarding letting and sales of properties to third par-
ties the performance and adaptability of properties
and services over time becomes more and more rele-
vant, the more customers regard those aspects as
significant and the legislator requires transparency
e.g. in the form of a “building pass”.

As “discreteFD” pursues business, simulation-related
and information technology-related objectives meth-
ods and tools from business analysis and business
modelling on the basis of software development were
applied. Via the narrative forms of story telling from
eXtreme Programming the business processes of
facilities development, the requirements of the busi-
ness field and the expectations of the end-user were
collected and defined.

In addition business data of the project partners and
their customers were evaluated empirically in order to
find influencing factors, which decide success or
failure of facilities development (FD). From this a
Meta model for FD was deducted representing the
basis for test implementations and simulation soft-
ware. With various test implementations and Archi-
tecture-Spikes potential modelling types as well as
technical solutions and software architecture were
evaluated, yet again based on the methodology of
eXtreme Programming. These test implementations
perform single features (user stories) in order to an-
swer the simulation questions e.g. the question of the
optimal room mix of a hotel (single and double
rooms) for an assumed demand.

For the translation of the simulation Meta model, in
which the business processes were abstracted into
software, transition diagrams and state charts were
used; specifications of Unified Modelling Language
(UML).

The validation of the simulation Meta model and tests
of the software through practical cases represent the
last step of the project and are continuing.
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Figure 1. State chart of the marketing of facilities.

2 State of the art simulations and risk
management in the construction
sector and facilities management

In some areas of civil engineering sporadically dy-
namic simulations were applied. Chahrour and Franz
[3] specifically applied simulations from Logistics
and Business Engineering in construction site organi-
sation in order to determine the utilisation of specific
equipment and their waiting time. At the 16" Interna-
tional Conference on the Application of Computer
Science and Mathematics in Architecture and Civil
Engineering in Weimar in 2003 Eichenauer, B. (IBE
Simulation Engineering GmbH) and Scherer, K.
(Fraunhofer-IMS and inHaus-Zentrum Duisburg)
made a presentation on “Modelling and Simulations
of Intelligent Building Systems with attributed Petri-
Nets.” Literature research showed that whilst event
simulations are applied in some areas of civil engi-
neering, the application of simulations in real estate
development represent a new phenomenon.

For an assessment of the profitability of an invest-
ment currently methods of dynamic investment
analysis also known as Discounted Cash Flow or Net
Present Value method are applied. With the help of
spreadsheet analysis as for example Excel the future
progression of the net present value as well as of the
interest rate is projected. These methods are often
referred to as dynamic [10][12][14], as through the
inclusion of the interest payment for equity and dept
capital the factor time. Strictly speaking these meth-
ods represent merely static simulations as they do not
include a simulation clock and in the instance of
conditions and event no changes in the system status
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occur. To our knowledge dynamic event simulations
in real estate development and FM are up to now not
applied.

As real estate development represents the business
with the highest risks involved in the sector, the ap-
propriate handling of risks is of vital importance. In
real estate development at the time of investment
neither reliable information on the expected costs are
available, nor on the prospective return. In addition
real estate development is confronted with unpredict-
able events which are not within the influence radius
of the developer. Consequently the higher risk in-
volved, on the one hand generates extremely high
returns, but on the other hand the cooperation may get
into a financial disorder in the case of a poor devel-
opment of the project. However, decisions on invest-
ments are generally still taken subjectively rather than
analytically.

Up to today only two publications on risk manage-
ment in real estate development are known [14, 17].
Real estate development as an academic discipline
was first described in [2] at the European Business
School. Isenhdfer expanded this approach in 1999 in
his publication on strategic management of real estate
development companies [6].

Risk management in the real estate industry in gen-
eral, but also which risks are typically involved in
real estate development, were dealt with by several
authors (et al. [1, 4, 5,9, 10, 13, 16, 18]). The options
to manage those risks, though, were not examined or
covered.

3 Research results

3.1  Analysis and evaluation of alternative
modelling types and simulation tools

The first milestone of the project “discreteFD” was to
examine whether the event based simulation is better
suitable than other methods e.g. continuous simula-
tions for mapping reality i.e. the lifecycles of facili-
ties from a facilities development perspective. For
that reason existent real estate development and prop-
erties in operation were analysed and test implemen-
tations of the mappings of the lifecycles of respective
properties were developed and evaluated utilising
various modelling methods and tools.

For the various test implementations different simula-
tion methods and tools were used:

1. Monte Carlo Method (MC)
2. System Dynamics

3. Petri-Nets
4. Discrete Event Simulations (especially eM-Plant)

5. Simulation package SimPy and the programming
langugage Python as Excel-AddIn

The Monte Carlo simulation represents one of the
most used simulation method and got its name from
the world-famous casino. The method is particularly
appropriate for the analysis of static problems includ-
ing known probabilities. The Monte Carlo simulation
represents a static simulation and does not cover
dynamic situational or status changes.

System Dynamics represents a systems theory, based
on the paradigm of information feedback as the be-
haviour-determining structural component. System
Dynamics roots in the findings of cybernetics and
applies continuous simulations in order to examine
behaviour of non-linear models over time. This the-
ory does not map results.

Petri Nets represent a modelling type which is very
neutral in terms of application. It is able to model and
analyse dynamic system behaviour. An event based
simulation may be applied with a time-related Petri
Net model. Various simulation tools are based on
Petri Net theory e.g. PACE, Umberto, etc. For practi-
cal use higher-level Petri Nets are required for which
no constituent notion exists. Higher-level Petri Nets
are complex to develop and analyse.

The simulation software eM-Plant represents an inte-
grated simulation system. The advantage of eM-Plant
is the complex support of simulation projects. The
user concentrates on mapping the relevant system
components and not on programming. The efficiency
of modelling with eM-Plant is generally higher as
with other simulation languages, but the high costs
for purchase and operation of the software represent a
disadvantage. In addition there is a risk that the re-
sults are misinterpreted by inexperienced users. The
simulation software partially includes its own pro-
gramming language which must be acquired for effi-
cient and professional use.

Expert interviews showed that facilities development
is always based on assumptions of events for which
probabilities concerning their certainty to happen are
assumed. The empirical analysis of lifecycles demon-
strated that the events or conditions which are consid-
ered to be certain to happen generate system behav-
iour which contributes significantly to success or
failure of a project: customer behaviour, behaviour of
FM, etc. The modification of properties tends to be
volatile. The exact process between events is of minor
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interest i.e. discrete event based simulations, which
jump over time from event to event and simulate
discrete modification of the system status in relation
to the event, are highly suitable to map the lifecycle
of facilities appropriately.

In the project “discreteFD™ not only the question
which tools are the most appropriate for the simula-
tion was raised, but also the question how the simula-
tion tool developed is to be applied. The project part-
ners e.g. the future users of the tool decided against a
component simulator which would have enabled them
to develop individual models, but decided in favour
of a proprietary development of a parameter-based
model where parameters are changeable.

3.2 Integration of system behaviour in
economic appraisal

As a result of the findings outlined distribution prob-
abilities and system behaviour of simulations of life-
cycle-related real estate development were included
in the development of “discreteFD”. Discrete event
simulations (DES) were developed to provide a tool
for new forms of real estate development and risk
management for the industry project partners. The
simulations implemented primarily generic features
which are applicable within a wide range of projects.

The performance of facilities over the lifecycle i.e.
the profitability for investors, operators and users, but
also the eco-efficiency depend on a multitude of fac-
tors. The project “discreteFD” modelled and simu-
lated those factors in variable and flexible form in-
cluding the factor time, which were defined as rele-
vant on the basis of data analysis and expert inter-
views and which have not been mapped before.

The life or durability of properties and building com-
ponents, which has an important impact on the per-
formance of facilities in connection with time, is not
included in the simulation. “discreteFD" simulates on
the level of building concepts.

3.3 Conceptual Model for Discrete Event
Simulations of Facilities Development
I. The questions which are to be answered by the
simulation tools were defined by the project
partners as follows:
2. Optimisation of the building layout e.g.: What is
the best room mix for a hotel or how many con-
ference rooms are necessary in a building?

3. Management optimisation in development e.g.:
What is the best point in time to inform the mar-
ket, what are the letting terms?

4. Optimisation of rooms and accommodation man-
agement of school buildings e.g.: What room mix
in connection with which accommodation man-
agement is required for the most efficient use of
the building during teaching hours?

On the basis of the questions defined a lifecycle of
facilities was modelled from the perspective of facili-
ties management and continuously evaluated by the
project partners. Thus the system structure was de-
veloped and mapped in a conceptual model including
the system processes, the individual components as
well as their interrelations and impacts.

The conceptual model (see Figure 2) is divided into
modules and classes respectively, which communi-
cate via information (blue, bold lines) and cash flows
(green, dotted lines). The facilities in this model are
presented in four categories and are able to adopt
various statuses within those categories which maps
reality closely:

* Building LC: the status of a building over the
lifecycle of a property (from planning to use)

e Letting/booking status
* Marketing of the facilities

e Use/occupancy level: balance of the actual ac-
tivities happening in the building

The cash desk (i.e. the profitability analysis) is re-
quired in order to value real estate development. Here
the relevant key figures such as net present value are
evaluated. Through the inclusion of existing valuation
models in Excel. the users of the simulation are able
to change the calculation modes in Excel.

Changes in the status of one entity class may cause
status changes in others. Occupancy may inform
lifecycle that the occupancy level has reached a de-
fined threshold and consequently the property is to be
used alternatively. In the case of an insufficient occu-
pancy level e.g. the type of use of a building can be
changed. If there is no more demand for hotel rooms,
part of the building can be converted to offices or
apartments. In the case of a high occupancy rate, an
extension of the building or an alternative use of
other parts of the building can be considered.

The modular structure supports the flexibility of the
model. The fact that the lifecycle of a building needed
to be implemented only once facilitated the transfor-
mation into a flexible model.
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Figure 2. Conceptual facilities development simulation
model

3.4  Implementation and testing

In order to answer the questions outlined flexible
models were developed from component simulators
(eM-Plant) and open source modules
(SimPy/Python), which then were validated and
tested through existing projects from the hotel, re-
tirement and nursing home and schooling sector. For
illustration purposes the empirical findings are dem-
onstrate in the following on the example of school
buildings.

The questions determined which were to be answered
by the simulation concerning this sector are related to
optimal room number, room quality and strategic
accommodation management. Firstly rooms were
distinguished into rooms for general use and rooms
for use for specific subjects such as Biology, Arts, etc.
The room demand was assumed as identified i.e. a
specific number of teaching hours for a specific num-
ber of classes must be catered for with accommoda-
tion. The accommodation principles varied as fol-
lows:

1. Class room and subject specific class room prin-
ciple i.e. Physics, Chemistry, Art, Music, Infor-
mation Technology and Sport is taught in special
rooms assigned for these purposes. Classes are
exclusively assigned to a specific class room for
general teaching.

2. Class room principles apart from the subjects
Chemistry and Sports i.e. only Chemistry and
Sports are taught in specially equipped class
rooms, all other subjects are taught in an exclu-
sively assigned class room.

3. Teachers” room principle i.e. teachers are as-
signed to specific room either via desk sharing or
hoteling. Student/pupils change rooms when
teachers vary within the schedule.

. Specific class room and course room principle:
corresponds to option 1. Class room principle is
substituted by course room principle.

5. Course room principle for all subjects apart from
Chemistry and Sports i.e. for all subjects apart
from Chemistry and Sports teaching hours and
classes can be assigned freely to rooms

At Bildungszentrum SeeCampus Niederlausitz an
event based simulation was conducted for the forms 7
to 13. The results of the simulation show that when
the class room and subject specific class room princi-
ple is no longer applied which usually represents
general practice, 50% of the room capacity could be
saved or made available other uses. Considering the
fact that school buildings represent the largest seg-
ment within the public real estate portfolio, the eco-
nomic and ecological potential of event based simula-
tions in facilities management becomes evident.

The continuous development of a software simulating
lifecycle-oriented facilities management with a sig-
nificantly increased user-friendliness compared to
currently available tools through focussed user guid-
ance while entering relevant data represents the con-
clusion of the project “discreteFD™.

4 Conclusion

Discrete event based simulation tests of flexible fa-
cilities in the retirement, educational and hotel sector
showed that with the help of simulations optimised
building layouts and management concept can be
developed which due to the complexity and the dy-
namic of the business field could not be develop
without these tools. The imputed operating costs per
teaching unit at the SeeCampus Niederlausitz could

class rooms + B
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rooms |

seminar rooms
+ specialized
rooms
multifunctional | ki
rooms + physics
+ sport
class rooms +
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number of rooms for education

Figure 3. Accomondation management principles and
accomondation need/demand illustrated by the example of a
German school (Forms 7-13).
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be reduced by 40% through the application of a simu- [5] Hellerforth, M. (2001), Der Weg zu erfolgreichen
lation of the lifecycle costs and benefits as well as the Immobilienprojekten. ‘durch Risikobegrenzung  und
resulting optimisation of the building and operation Risikomanagement. RKW-Verlag. Eschborn
concept. [6] Isenhdfer, B. (1999), Strategisches Management von
o . Projektentwicklungsunternehmen. Rudolf Miiller Ver-
As outlined the optimisation of facilities development lag, K5ln
concepts and the evaluation of risks can improved [7] Kosturiak J. und Gregor M. (1995) Simulation von
significantly and designed more realistically with the Produktionssystemen, Springer-Verlag Wien
methods and tools developed within the project “dis- (8] Law A. M. und Kelton W. D. (2000), Simulation
creteFD”.  Even though the project “discreteFD” Modelling and Analysis, 3. Auflage, McGraw-Hill,
represent a generic approach to facilities development Boston
8 not all problems are.solved‘ as {eal estate !:levelc!p- [9] Maier, K. (2004), Risikomanagement im Immobilien-
8 ments and the questions raised in connection with und Finanzwesen ein Leitfaden fiir Theorie und
A development projects vary significantly especially in Praxis. Verlag Fritz Knapp, Frankfurt am Main
a comparison to production and logistics for example.  [10] Ropeter, S.-E. (1998), Investitionsanalyse fiir Gewer-
g The expenses for modelling, development and im- beimmaobilien, Miiller, Kéln
P plementation can be founded via the resulting in- 11} Sauerbier T. (1999), Theoric und Praxis von Simula-
= crease in efficiency of facilities development projects. tionssystemen, Vieweg Verlag
1-‘ For the application of discrete event based simula- [12] Schulte, K.-W. und Allendorf, G. J. (2005). Betrieb-
o tions on a broader scale i.e. mass production, it is swirtschaftliche Grundlagen, Oldenbourg Verlag,
E prerequisite though that real estate developer and Miinchen
L investors are prepared to increase their investment [13] Schulte, K.-W. (2005), Handbuch Immobilien-
| N during the planning phase in view of future benefits. Investition. 2. Auflage, Miiller, Kéln
| The ETH Zirich plans to transfer and expand the  [14) Schelkle, H. P.  (2005), Phasenorientierte
{ outlined project more and more to questions of eco- Wirtschaftlichkeitsanalyse fiir die Projektentwicklung
] efficiency as well as to provide tools supporting the von Biiroimmobilien, Dissertation, Institut fiir Baube-
efficient operation of facilities and the decision— triebslehre der Universitit Stuttgart
making process during the various operating phases [15] Siegert H. J. (1991), Simulation zeitdiskreter Systeme,
oy respectively. Oldenbourg Verlag
23 s 3ol
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