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Abstract: Environmental criteria have become a critical issue for the evaluation of projects and
products, particularly for businesses with extensive life cycles. Sustainability criteria and project risk
management are underexplored in real estate development, and thus endanger business survival.
The aim of this article is to improve the understanding of uncertainties in the real estate industry
by using a stochastic risk assessment approach and to broaden the risk assessment methodology.
Thus, this article investigates the importance of material selection regarding external and project
risk for real estate development. Aside from conventional projects, risks are analyzed for projects
with high-quality materials (HQMs) that are characterized by environmental benefits. In following
a mixed method approach, we began by conducting interviews with developers about the most
important risks, and later incorporating these factors into a stochastic cash-flow model. Finally, we
illustrated our findings in a case study. Overall, the highest risks were shown from resource prices
and changing regulations, while the rankings of the two materials differ slightly; HQMs rank higher
on the created risk index than conventional materials. The cash-flow model shows that conventional
materials perform slightly better than HQMs, although uncertainties within the calculations are
similar. The article contributes to risk management and decision-making for real estate projects
by providing insights into the discussion and analysis of the financial performance of sustainable
construction material and design that might be crucial for disruptive innovations. We present a model
that integrates environmental and long-term effects in the cash-flow evaluation of real estate projects,
thereby increasing managerial flexibility.

Keywords: risk analysis; economic–environmental sustainability evaluation; material selection;
decision making; green construction; real estate development; cash flow model

1. Introduction

An increase in the combination of government regulation, stronger public awareness, and
consumer pressures is making businesses more cautious about the impact of their products on the
environment. As a result, environmental management is growing in importance [1,2]; businesses
cannot simply neglect environmental issues if they intend to survive in the current global market [3].
Green product design has especially gained in prominence, as it significantly influences the cost
of disassembly, maintenance and repair, remanufacturing and recycling [4], and the environmental
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awareness of a company and its products is becoming progressively valued as a driver for the successful
market penetration of new materials as a component of disruptive innovations [5].

Real estate is a flagship industry regarding these aspects, as its associated projects are characterized
by very long life cycles [6], large investments [7] which are often irreversible, enormous greenhouse
gas emissions, and significant depletion of natural resources and energy [8,9]. A building’s impact on
the environment must be classified as being low in order for it to be certified. (e.g., BREEAM, LEED,
DGNB) [10,11]. As most real estate clients and investors require these certifications [12], the eligibility of
a company to meet the associated criteria is a prerequisite for business continuity. Moreover, according
to a survey of the World Business Council for Sustainable Development, 89% of practitioners agree
that sustainability risks could lead to a significant impact on business [13]. In order to meet these
challenges, one of the main goals of the real estate industry is to adapt designs and material selection
to reduce the detrimental impact on the environment [14].

Although many companies already recognize the need for risk assessment, few invest time
and resources to mitigate or predict certain risks [15,16] that might affect the implementation of
real estate projects and their success, such as changing the design of buildings. Regardless of
environmental-related issues, the real estate industry must mitigate several risks to guarantee the
survival of the industry [17,18]: first, real estate projects must consider project-related risks stemming
from random fluctuations in labor productivity, among others [19]. Second, a large proportion of real
estate projects are implemented by consortia of small and medium-sized enterprises with limited
capital resources [20]. Third, real estate projects depend on revenue fluctuations due to public bidding
and high-demand volatility [21].

The real estate development industry amasses and applies its financial and physical resources to
construct newly built spaces, with many businesses being exposed to most of these risks in the very
early stages of project management [21]. The overarching purpose of a developer is the sale of the
built assets; as with any participant in business, developers aim to increase profit, while reducing
uncertainty. A higher level of uncertainty potentially leads to higher deviations from projections,
which requires more equity and results in higher capital costs (discount rates) to a subsequently lower
fundamental value [20]. Moreover, investors and clients (e.g., housing associations), in an attempt to
avoid risk, require a transparent line of communication regarding uncertainties and are often willing
to pay more for lower-risk assets [21].

One option of dealing with the environmental requirements and uncertainty that is often applied
in the current market is to use high-quality materials (HQMs). In this article, HQMs are characterized by
longevity, low-energy consumption, a reduction in material diversity, and environmentally compatible
disposal. Examples include self-healing concrete, light-diverting louvers, carbon reinforced concrete,
structural insulated panels, or wood-based insulating foam. These materials allow higher market
prices and lead to lower maintenance costs.

In line with prior research [2,22,23], we argue for extending classical risk assessment. A similar
approach has been put forward by Fregonara, Ferrando and Pattono [4], whose research focused on
the cost side of real estate projects and on environmental impacts, e.g., energy and CO2. Based on this
research, we propose broadening the idea of risk assessment by categorizing the risks according to
empirical information gathered by expert interviews, and then applying this assessment to a cash-flow
model, considered to be state-of-the-art methodology in real estate valuation [21].

The aim of this article is twofold: first, to improve the understanding of uncertainties in
the real estate industry by using a stochastic risk assessment approach, which will enable us to
further apply these findings to risk management. In this context, stochastic means that the model
is not based on the average figures of historic data, but rather involves probability distributions to
estimate uncertain parameters. Secondly, we aim to broaden the risk assessment methodology by
integrating environmental aspects and new materials. The interaction of market price, uncertainty,
and environmental impacts in real estate projects is approached in three research questions:
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1. Which risks must be taken into consideration when comparing conventional and
high-quality materials?

2. What does a risk assessment approach that integrates these risks look like?
3. How do these risks influence project cash-flow?

We investigate this multi-layered and interdisciplinary topic with a mixed-method, triple-staged
approach. First, to identify project-related risks, a literature review of risk management in real estate
projects is performed. Afterwards, risks are evaluated with real estate developers and their customers
then ranked accordingly. Alternative projects using HQMs are studied, alongside conventional projects.
Second, the ranked risks are incorporated in a stochastic model. We initially model precise project
planning by comparing the estimated costs and retail prices. As proper risk management is only
possible if the risk exposure, both ex post and ex ante, is known, and due to imperfect real estate
markets, this article suggests, similar to Szumilo et al. [24], a new approach to risk assessment by
using a stochastic approach to predict future uncertainty, rather than concentrating on historical values.
Third, the model is applied to an office building in Germany, in a middle-sized city, based on real data
from the project developers. This last stage combines the two previous stages and shows the effects of
conventional and HQM on the cash-flow. Moreover, it illustrates the impacts of different materials on
uncertainties inherent to economic forecasts.

Our results and conclusion further enhance the scientific discussion of risk assessment in real
estate projects by addressing ecological aspects in a stochastic value evaluation. A novelty is the
combination of qualitative and quantitative methods for real estate appraisal: qualitatively discussed
and ranked risks are included in a quantitative cash-flow analysis to demonstrate the impact of material
selection. Moreover, we present the most important material-related risks experienced by practitioners
in the German real estate market, and, as a result, we reveal insights on the impacts of individual risk
factors on the overall cash flow.

The stochastic model contributes to improved risk assessment in the real estate industry, which so
far has been dominated by intuition and rules-of-thumb [25,26]. Apart from the independence shown
in outdated data, the model minimizes the risk of construction projects and, hence, fosters the business
of many SMEs. Finally, the results identify the most important risks in real estate development, which
should then be mitigated by practitioners.

In the next section, the theory and literature in relation to risk assessment and developments in
the real estate industry are reviewed, after which the applied method is illustrated. The following
section presents the results, including the most important risks and the stochastic model. Finally, the
findings are discussed, and conclusions are drawn.

2. Literature Review and Theoretical Background

The scientific discussion shows that for a risk-adequate assessment of investments in real estate or
infrastructure, uncertain cash flows of assets must be examined.

2.1. Uncertainty and the Importance of Risk Assessment

The identification and assessment of risk and uncertainty within the scope of property valuations
is currently one of the key concerns in contemporary valuation literature [27,28]. Uncertainty is defined
as “the state of being uncertain; doubt; hesitancy” and, as a result, neither loss nor gain is necessarily
associated with uncertainty; it is simply missing certainty [29]. Risk, in contrast, is usually defined as
the volatility, quantified through the variance or standard deviation of its returns [27]. The application
of risk analysis in the construction industry is not as common as other sectors, such as insurance or
finance [30,31]. Still, risk analysis is important as it provides the decision maker with the opportunity
to take mitigating action to decrease exposure to risk, or to make decisions about accepting risk [18].

Thus, in 2012, the European Group of Valuers’ Associations [32] provided a systematic classification
of risks into: a) market risks (change of investment policies), b) property-related risks (location risk,
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construction-related property risk, tenants and leases risk), c) fiscal and legal risks (political changes,
change in regulation), and d) financial risks. In contrast to this article, D’Alpaos and Canesi (2014)
assessed the risk in real estate investments in times of global crisis. After building an evaluation model
to address risk and uncertainty in property investment decisions, they concluded that the net present
value is not the best/only information to base decisions on in times of crisis. Mao and Wu [33] proposed
a different model: a fuzzy real option evaluation, in order to choose the right investment project. They
stressed the importance of risk assessment, especially during normal economic growth and crisis.
A topic of growing importance was investigated by Bai et al. [34], who applied a fuzzy evaluation
model on public private partnership (PPP) projects. Chan et al. [35] followed a similar approach and
identified and ranked the key risk factors associated with target cost contracts, and came up with a list
of 34 risks which form, among others, the basis for this survey. Finally, Fregonara et al. [4] applied a
stochastic simulation to a multifunctional building glass façade project to support decision-making in
the design stage. Their conjoint “economic–environmental indicator” is very close to what we apply in
the current article, and thus acts as conversant [36].

2.2. Rising Trend of Sustainability Criteria

In the last decade, sustainable aspects and their impact on real estate projects have become more
important [37–39]. Green materials and products have been applied by architects, developers, and
construction companies [40], with hallmarks including extensive life cycles [6], large and mainly
irreversible investments [7], and the extensive use of natural resources and energy [8,9] to direct
the focus of investors, clients, and the government toward sustainability issues [38]. Thus, it can be
considered that the higher the ranking in a sustainable building certification, the lower the risk for a
certain project. Among others, Gluch and Baumann [25] called for the further development of tools to
integrate environmental and micro-economic dimensions into risk analysis. Environmental impacts on
real estate projects have become more important, as they affect the vital investor-and-client-required [23]
certification of projects. The experience of international certification systems shows that sustainable
buildings have many advantages in comparison with conventional buildings [41]: they generate
higher real estate value and improve marketability, minimize risk, take account of user requirements,
create comparability, and, last but not least, serve the environment. A study from the University of
Cambridge, for example, found that real estate investment trusts with higher sustainability scores
tend to show higher returns on equity, higher returns on assets, and stronger risk-adjusted stock
performance [42].

These findings are supported by Eichholtz et al. [43], who proved that if the amount of properties
certified by Leadership in Energy and Environmental Design (LEED) in the portfolio increases by
1%, the market beta of REITs decreases by 0.14. Future environmental impacts will influence risks
associated with the real estate industry, manifesting in regulation, financing, and demand by the public
or commercial clients.

2.3. The Procedure of a Stochastic Risk Assessment

As with any project undergoing a risk-based assessment, it is advisable to value a real estate
project with a (quantitative and qualitative) risk analysis. The first phase of risk assessment involves
the systematic and structured identification of potential risks. Analyzing work processes, workshops,
benchmarks, or checklists are examples of this identification process [44], and by systemically studying
the most important success potentials and the potential threats to the project or company, strategic risks
can be identified. Finally, certain types of risk are best determined through a collection of the “complex
relationships inherent in the situation” [44] and following critical discussions in a workshop. For
operational risks related to the value chain, work processes are described and analyzed step-by-step to
determine which risks could cause a deviation from the planned process sequence; the significant risks
are subsequently summarized in a risk inventory.
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Regarding the imperfection of real estate markets, the application of historical data to estimate
risk-adjusted discount rates might lead to inaccurate predictions [45,46], particularly less diversifiable
assets (such as real assets), which are prone to other risk factors. It is for this reason that a stochastic model
is preferable as a sophisticated risk management strategy. We apply an appropriate (mathematical)
distribution function to deal with the assessed risks, which are quantified according to probability of
occurrence and potential extent of harm; this is known as a binomial or digital distribution. Certain risks,
such as deviations in maintenance costs or interest charges, reach varying levels of risk with different
probabilities, and are better described using other distribution functions such as triangular distribution
with minimum value, highest probability value and maximum value, or normal distribution with
expected value and standard deviation.

When assessing risks, considering the actual impact of risk that occurred in the past, or in other
projects, aids in benchmarking values from the industry or damage scenarios. This is useful for
comparing all forms of risk with each other in terms of significance, a consistent risk measure, e.g.,
value at risk.

Consequently, the total level of risk (and therefore, the extent of the threat to the company) is
calculated in a “risk aggregation”. A risk inventory only allows a company to derive which risks
present a threat to the company’s earnings or existence. Risk aggregation enables the analysis of the
combined effect of multiple individual forms of risk, and involves contextualizing the assessed forms
of risk in terms of planning, and then demonstrating which form of risk threatens deviations at certain
points in planning. As forecasted cash-flow distributions are highly dependent on the assumptions
that determine the midpoints, either sensitivity analysis or scenario planning is demanded by several
authors [47]. Moreover, accessible historical default rates and other information have shown to be
either unrepresentative or non-existent in the case of real estate rating [24]. Thus, expanding a model
with a Monte Carlo simulation (MCS) outperforms sensitivity analysis, as various values for the
assumptions are calculated stochastically, basing the calculation on a much broader and more objective
sample. With the help of a risk simulation process, many potential future risk-related scenarios can be
identified and analyzed.

3. Materials and Methods

As mentioned before, the methodological approach is three-fold (see Figure 1). We carried out a
review of the literature to identify the relevant risks connected to real estate projects. The search string
“risk OR uncertainty AND building OR "real estate" OR "property develop*" OR construction” was
applied to the scientific databases EBSCOhost, Emerald, ScienceDirect, SpringerLink, and Wiley.

Afterwards, the results were checked with Google Scholar, with all search terms being applied to
title, abstract, and keywords in the bibliographic databases. Cross-references that included appropriate
articles from the studies identified in the search process completed our empirical basis. Relevant
literature in English was identified by applying previously determined criteria for the inclusion in a
practical screening. In total, 3501 articles were identified, of which 362 were double entries. For the
initial screening of titles and abstracts, only articles showing a direct link to risk and real estate projects
were considered. This first screening resulted in 364 relevant articles. In the next screening of the article
collection, we excluded 302 articles due to an absent connection to our research questions. As a result,
62 articles were identified for the literature review. A coding scheme was then applied to all identified
articles; a qualitative data analysis software program called MaxQDA was used to execute the coding.
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Figure 1. Overview of the applied mixed method three-stage approach.

As very little information on new concepts regarding risk assessments for environmental impacts
in risk assessments for corporate real estate management exists, we verified the identified risks in
the literature through expert interviews, similar to Högberg et al. [48]. Interviewees were chosen by
theoretical sampling [49,50], with interview requests being sent to the ten largest real estate developers
(according to revenue) and leading consulting companies in Germany. After the companies were
selected, contact persons were identified via their website or following telephone calls. In total, we
contacted 38 experts throughout Germany. Afterwards, a short project description and a list of all
risks were sent via e-mail to the interviewees. Finally, the interviews were conducted from October to
December 2016 via telephone or in person. The interviews are part of a previous research project of the
Chair of Sustainability Management and Accounting at TU Dresden and built the base for the risk
index. The interviews were based on a set of interview guidelines, which had been previously was
pre-tested with colleagues and external experts, and lasted between 30 and 50 minutes. The content of
the interviews was based upon the basis of the 42 risks identified in the literature (see Appendix A).
These risks had to be ranked on a scale from 0 (not relevant) to 10 (very relevant), with importance being
defined as the financial net- perceived impact of a risk on the project. Theoretical saturation [50,51] was
reached after 18 interviews, and we discontinued further contacts with the remaining experts as no new
information was being gathered. The findings of the practitioners were backed up by three researchers
in the field of real estate assessment. An overview of the interviewees is provided in Table 1.

The authors analyzed the audio recordings of the interviews after they were transcribed. A ‘risk
significance index score’ was built according to the average score of each risk, multiplied by the
frequency it was mentioned and divided by the number of interviewees. The top nine ranked risks
were chosen to be included in the stochastic model, as a gap in the absolute importance value was
visible after nine. Three additional risks were added in both material groups, as they ranked highly
in the respective control group (for an overview of all risks and the score of each individual risk, see
Appendix A).
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Table 1. Overview of experts.

No Branch Company Position Experience
(years) Academia

#1 Industry Project development Branch Manager <10 Economist
#2 Industry Construction Founder n.a. Architect
#3 Industry Real estate developer Managing Director n.a. n.a.
#4 Industry Real estate developer Technical Director < 15 Civil Engineer
#5 Industry Real estate developer Head of Development <15 Architect
#6 Industry Real estate developer Head of Development <5 Industrial engineer
#7 Industry Engineering Managing Director <30 Industrial engineer

#8 Industry Real estate developer Head Technical
Controlling <30 n.a.

#9 Industry Real estate developer Head of Development <15 Industrial engineer
#10 Industry Real estate developer Project manager n.a. n.a.
#11 Industry Real estate developer Head of Development <25 Architect
#12 Industry Real estate developer Managing Director <10 n.a.
#13 Industry Project management Project manager <30 Architect
#14 Consultancy Real estate advisory Manager <5 Industrial engineer
#15 Consultancy Real estate advisory Partner <30 Lawyer

#16 Consultancy Real estate advisory Partner <25 Business
administration

#17 Consultancy Real estate advisory Partner <25 Civil Engineer

#18 Consultancy Real estate advisory Manager <15 Business
administration

#19 Research Construction
economics Professor <20 Architect

#20 Research Real estate economics Professor <20 Real estate
economist

#21 Research Architecture Professor <30 Architect

n.a.: not available.

3.1. Understanding of Perceived Risk by Developers

In this context, it must be mentioned that the risk perception of developers differed significantly
from premises in the expected utility theory. From a behavioral point of view, intuitive risk assessments
are called "perceived risk" [52]. The individual perceived risk is less an objective feature than a subjective
and context-dependent construct, which is determined by cognitive and emotional factors [53–55].
Behavioral knowledge suggests that both quantitative factors, such as the level and the probability of
the outcome, as well as qualitative factors and personal characteristics of individuals, e.g., age, gender,
and education, influence the level of perceived risk [53,56]. The results show that people generally
assess risks differently than is predicted when following the premises of the expected utility theory.
In accordance with the prospect theory [57,58], the following findings can be summarized for the
subjective assessment of probabilities:

• The distorted perception of probabilities by (i) overestimating high probabilities as well as the
frequency or probability of rare and desired events, and (ii) underestimating low probabilities as
well as the frequency or probability of frequent and undesirable events;

• The reduction in distributions to a few points;
• The preference of verbal probability expressions (strongly context-dependent and imprecise)

versus "numerical" probabilities;
• The separate perception of the probability of occurrence and their results; and
• The use of inappropriate and incomplete data to form probability judgments.

Additionally, positive and negative results (profits vs. losses) were separately perceived and
assessed. The distinction between profits and losses often depends on context and subject-specific
reference points, rather than a fixed zero point. Moreover, individuals tend to ignore possible events or
results which are far in the future, or the occurrence of which is regarded as very unlikely [59].
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3.2. The Stochastic Valuation Model

The second stage of the mixed-method approach was the integration of environmental risks in a
stochastic valuation that was subsequently applied to a case study: an office building in Germany.
The project was modeled from the perspective of a trade-developer who buys the land, develops the
building, and sells it after completion. Valuing a stream of risky cash-flows, in the sense of company or
project valuation, is one of the most important economic tasks and of particular importance during
the preparatory stages of the decision-making process. In this paper, the decision was based on the
results of the valuation, combining the expected returns (mean value) of the project with the risks of it
(through an appropriate risk measure such as standard deviation or value at risk [60]. This approach
allows for the value contribution of the risk management to be explicitly made.

In this paper, we used a risk-profile valuation combined with the certainty equivalent method. An
uncertain aggregated cash- flow is modeled through the cumulation of the uncertain cash-flow of each
period discounted by risk-free interest rates to the valuation date (t = 0). The resulting distribution of
the aggregated cash flow (risk profile) is then valued by a one-period certainty equivalent model using
the corresponding multi-period risk premium l1,..,T. This valuation method is suitable for projects with
finite duration, where payment shifts are common but does not represents operative risks [61,62]. Such
modeling implies an infinite risk-bearing capacity at any point of time t, which corresponds to the
view of the interviewed developers, as all projects are backed by the parent company. As a result, the
accumulated stochastic discounted value of all cash flows is valued using with a one-period model.
The model is based on previous work by Gleißner [63] and Dorfleitner and Gleißner [64]. However,
in this paper, the model was developed further and included environmental and long-term risks.
Moreover, we used empirical data to describe the risk distribution. Formally we have:

V(X1, . . . , XT) = E


T∑

t=1

F̃CFt(
1 + r f

)t

−R


T∑

t=1

F̃CFt(
1 + r f

)t

 · l1,..,T · d (1)

V (X1, . . . ,XT) = Discounted value of all cash flows from period 1 to T
E[x] = expected value of x
T= last period
t = time period in the expected investment process

F̃CFt= uncertain net free cash flow generated at time t (incl. investment costs as negative cash flow)
rf = risk-free interest rate
R[x] = risk measure of x
l1,..,T = multi-period risk price for the time period 1 to T. The term can be interpreted as a risk premium
which the investment has to yield for every unit of (centered) risk taken.
d = factor for diversification of an assessment, e.g., diversification of assets in other projects.

It is important to mention that the diversified "typified assessment subject" represents only a
portion of the risks of the assessment object: for example, in the model world of the CAPM, the
assessment subject is perfectly diversified, so he is influenced only by the systematic risks. With our
formula, we allow the valuation from the point of view of an unperfect diversified subject, and take
this degree of diversification through the "risk diversification factor" (d) into account [65–67].

In order to be able to correctly weight the measure of risk measure in the evaluation, the risk price
l1,..,T must be determined. In doing so, the expected risk premiums and the risk factors on the capital
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markets are compared. The multi-period risk premium is calculated as the difference between the
equity cost of the market portfolio at time t (r̃mt) and the risk-free interest rate r f .

l1,..,T =
E
[∏T

t=1(1 + r̃mt) −
(
1 + r f

)t
]

R
[∏T

t=1(1 + r̃mt)
] (2)

In this article, the net free cash flow, FCFt, is depicted by an MCS representing the aggregation
of the most important risks identified during the interviews. The distribution of the risks as inputs
for the MCS is based on real data originating from the real estate experts. This was carried out on
the average relevance of the risks of a development project with an expected profit of 10%. As most
project managers had no experience in risk quantification, the answers were on the qualitative scale.
The interviewees assigned a relevance for each risk between 0 (not relevant) to 10 (very relevant). Since
quantitative data are required for the simulation, a conversion based on studies about the psychology
of risk perceptions was used. It was assumed that a risk with the highest relevance value 10 would
counteract the yield in its worst case by four times, e.g., from the expected +10% profit to −30% loss.
Furthermore, it was assumed that the effect is halved with every further degree of relevance. The effect
on the margin (in %) for any relevance r is thus calculated with the formula: = 0.4

2(10−r) . In addition
to the risks, uncertain inflation was modeled for both scenarios to retrieve a future retail price [68].
The detailed model of the risk calculation is provided in Appendix B.

Part three of the mixed-method approach was the application of the developed model to a case
study, similar to Apanavičienė et al. [69], Olsson et al. [70] or Yan et al. [71]. The investigated location is
an office building, located in a central area of a medium-sized city in Germany, which covers 1588 m2

and contains seven floors. The main parameters were obtained from an example of an interviewed
developer. At this point, it must be mentioned that a trade developer has a different time-frame than a
build-and-hold developer that builds and then rents a property and rents the space to earn profits. Our
model mainly applies to the former. This point is further developed in the Discussion section.

An office building was used as the commercial market is less fragmented than the housing
market, meaning that the results are applicable to a large sample of real estate projects. Additionally,
office building projects were forerunners in large-scale building certification and information about
environmental impacts have become standard in the planning and investment processes (interviews
#2, #8, #9, and #13).

4. Results

In total, 59 risks were identified in the literature. We summarized these to 42 risks, of which
five were added by experts during pre-tests (see Appendix A). The final list of risks is based on
previous work, e.g., Chan et al. [35], Abdul-Rahman et al. [72], or Adair and Hutchison [73]. Similar to
Arja et al. [6], risks are divided into external and internal (project) risks. External risks arise outside of
the building’s boundaries. They affect the project cost and its life cycle, but typically remain outside the
building manager’s control. The only way to reduce their influence is to predict them far in advance
and/or to design the potential for a building to adapt to possible future changes that may be imposed.
Internal or project-related risks correspond to the building’s internal environment, which influences
the decisions of the building manager.

4.1. Identified Risks in Literature and Interviews

In general, customer needs and “wishes” have become more and more important (#15). For most
customers, the materials themselves are not of the utmost importance, with their interests focusing
more on design or the environmental certification of projects (#8, #15). Other developers argue that the
quality of the used material is more important to customers (#1, #5). Additionally, safety measures, e.g.,
fire prevention, have gained importance in recent years (#5). In general, project developers trust what
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they know (#15). In order to be applied, HQMs need to be functionally superior (#1) or they need a
marketing case, i.e., regional resources that convince customers or politicians (#4). Important questions
for developers are: “How established are the innovative materials? Do admissions/approvals exist?”
as well as “How do the material characteristics influence the use phase?” (#15). Additionally, most of
the risks decrease if the developer is experienced and has professional management and planning,
i.e., there is lower risk in contracts with agencies or subcontractors (#6). The better the planning of a
project developer, and the more experience and number of actors who are involved in the early stages,
the lower the project-related risks (#8). Other developers just hand the risk over to contractors (#5).
Finally, sufficient supply of material is important. Developers are very keen on variety within the
supply network because monopolistic structures tend to dominate the market and prices (#3, #11).
Moreover, having more suppliers lowers the risk if one supplier goes bankrupt (#17).

Table 2 shows the 12 most important risks perceived by the experts. Increasing resource or raw
material prices, changes in environmental regulation, and changes in building regulations or standards are the
most important risks for conventional materials.

Table 2. Most important risks (based on expert interviews).

No. Conventional Materials Index High Quality Materials Index

1 Increasing resource/raw material prices 5.00 Litigation 5.39
2 Changes in environmental regulations 4.94 Increasing resource/raw material prices 5.33
3 Changes in building regulations/norms 4.94 Inadequate maintenance 5.17
4 Economic crisis 4.83 Delay/availability of labor 5.06
5 Changing political majorities 4.72 Economic crisis 4.89
6 Disagreement with stakeholder 4.50 Historical finds/monument protection 4.83
7 High competition in buying parcels 4.50 Inaccurate cost estimation 4.83
8 Historical finds/monument protection 4.33 Changes in building regulations/norms 4.78
9 Litigation 4.33 Disagreement with stakeholder 4.78

10 Inaccurate cost estimation 3.83 Changes in environmental regulations 4.39
11 Availability of labor 3.67 Changing political majorities 4.33
12 Inadequate maintenance 3.44 High competition in buying parcels 4.33

In comparison, litigation, increasing resource or raw material prices, and inadequate maintenance are
ranked as the most important for HQMs. Some of these risks have a direct financial impact, e.g.,
increasing resource prices, while others have an indirect effect, e.g., disagreement with stakeholder, and lead
to delays in project finalization and thus higher rates in debt capital or financial penalties agreed on in
the contract (#1) or shortfalls in revenue (#6).

HQMs show overall higher values than conventional materials (see Table 3). The interviewees
confirm that, on average, a higher risk for HQMs (31 times, interviewees rated risks in combination with
HQM higher). Three times, interviewees rated risks (all in external) in combination with conventional
materials higher than with HQMs. Eight times, risks in combination with conventional materials were
rated higher than HQMs. While the average score on the risk-index of all conventional risks was
3.05, HQMs show a score of 3.55. Similar scores are visible for the median values at 3.17 and 4.00,
respectively, and standard deviations of 1.16 and 1.28. Differences between conventional materials and
HQMs as well as differences for HQM between external and project risks were at least significant on a
90% confidence interval.

For external risks, the dominance of conventional materials over HQMs seem to be less prominent.
Overall, 47% (#15) of the external risks rate conventional materials with lower scores, while 20% show
the score as equal, and HQMs receive lower scores for 33% of the risks. Moreover, the differences in
average score, median, and standard deviation are lower as well.

In the case of internal risks, conventional materials show lower risks 89% of the time. Only 11% of
the questioned risks are perceived as lower for HQMs. The results support the tendency that project
developers prefer conventional materials, as they expect lower negative impacts on their projects. This
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is mainly because less experience with innovative materials leads to higher risk in project-related
aspects (#4, #14, #15).

Table 3. Descriptive results of the interviews (based on expert interviews).

ER PR Total

CM < HQM 7 (47%) 24 (89%) 31 (74%)
CM = HQM 3 (20%) 0 (0%) 3 (7%)
CM > HQM 5 (33%) 3 (11%) 8 (19%)

CM HQM Total CM HQM Total CM HQM Total
Average 3.03 3.78 3.41 3.09 3.14 3.11 3.05 3.55 3.30
Median 3.17 4.06 3.36 3.33 3.22 3.28 3.17 4.00 3.31

Standard deviation 0.98 1.13 1.11 1.46 1.46 1.44 1.16 1.28 1.24

CM: conventional materials; HQM: high quality materials; ER: external risk, PR: project risk.

The following section discusses the individual risks according to their importance for conventional
materials. Moreover, the difference in ranking between conventional and HQMs is analyzed (see
Table 4 at the end of this section). Difference is defined as the variation between the index ranking
of the conventional materials and the index ranking of the high-quality materials. The higher the
variation, the larger the differences in the ranking. A difference of (+3) means that the risk is ranked
three positions higher, and thus is more important for conventional materials than for HQMs.

Changes in environmental regulations are less important for HQMs than for conventional materials
(+13). As mentioned earlier, HQMs are better prepared for stricter environmental regulations, and are
therefore less prone to risk regarding maintenance and resale value (#1, #7, #8, #20). HQMs might also
have an advantage regarding changing regulations; due to their selection in association with a specific
reason, they fit better to a certain situation (#4). In general, new environmental legislation, energy
efficiency, plays a particularly important role, as it leads to higher investment costs (#1, #8). Most of
the experts (i.e., #6) consider efficient technical equipment as an energy efficiency measure. Innovative
equipment is more likely to avoid costs than innovative materials, as an exchange is easier in case of a
malfunction (#6). The quality of these machines is becoming more and more important, especially in
times of smart metering and high connectivity (#1, #5). However, the installation of the equipment is
connected to the availability of workers; the more complex the machines, the more difficult it is to find
appropriate high-skilled workers (#17).

Increasing resource and raw material prices is important for both material groups, as evidenced by
the fact that it is ranked second for both indices (difference is 0). The lower resource use of innovative
and green materials could be one reason for that (#14). Other developers argue that HQMs are only
used if they are cheaper or allow faster construction time (#6). Resource and material prices are a
diverse topic due to some materials being a global topic (steel), and others being sourced regionally
(gravel) (#1, #17). As a result, developers rate topics differently, depending on their main use in a
company. Moreover, practitioners order the materials and products far in advance due to the capacity
of suppliers, leading to the existence of long-term contracts that are less vulnerable to increasing
resource prices (#4). The selection of materials and suppliers is an important topic in general, as most
developers prefer several suppliers that create competition, thereby decreasing material costs (#6).
Developers are seldom faced with the unavailability of materials; a lack of a construction material
simply leads to increased prices (#17).

Economic crisis is a high-ranked risk for both conventional and HQMs, although it seems to be
more important for conventional materials (difference +1). Its general value is connected to the demand
for new real estate projects, the availability of construction companies, and the availability of free
cash flows (#17). Materials are purchased regionally, and prices decrease during economic crises (#4).
This effect is stronger for conventional materials than for HQMs (#6, #14). Contrastingly, developers
want to differentiate themselves from the masses and gain a competitive advantage (#4), which can be
achieved by HQMs, as they create unique selling points for projects and attract clients and investors
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(#11, #13). Others say, however, that during economic crises, people concentrate on what they know,
and hence they stick to conventional materials (#6).

Although not as significant, a similar difference (+4) can be observed for changes in building
regulations and standards. This risk is not equal for all developers and all phases during construction.
First, it can be reduced if developers are in frequent contact with regulatory bodies; good communication
between all stakeholders can lower the risk substantially (#5). Second, it depends on which part of
the project is influenced by the new regulation. Moreover, the type of regulation change is relevant.
On-site approvals count from the day of inspection, while changing standards are applicable until the
day of project finalization. Therefore, standards are much riskier for developers as they can influence
already-existing parts of the project (#3). HQMs not only seem less vulnerable to environmental
standards, but also to building standards in general. However, some experts see HQMs as more
vulnerable to changing regulations due to a lack of experience (#4, #6) or additional safety margins
(#14). Bureaucratic hurdles are higher for HQMs, which can have a negative effect on the cash flow as
implementation takes longer. On the other hand, missing or unspecific regulations are beneficial for a
developer as there is more leeway to design and shape a project (#6). Changes in building regulations,
as with changes in the tax system, also have indirect consequences, as the administrative body within
a company needs to adapt to these changes, and new documentation becomes necessary. This results
in additional costs and delays in project finalization (#3, #17).

Political majorities are an important issue as they might result in delays to, or even the cancelation
of a project (#1). In our ranking, conventional materials seem more vulnerable to changing political
majorities (+10). Different political viewpoints seem to have a higher influence on real estate projects
built with conventional materials. One reason for this could be that green and innovative materials
have a higher acceptance in public perception, and thus these projects have a higher probability in
finalization, regardless of changes to political majorities. In general, the risk resulting from changing
majorities is lower if a plan exists and the planning is concluded (#6, #15) since this signifies that
development has reached a later stage (#5). The longer the project takes until finalization, the higher
the risk of changes being deemed necessary due to changing political majorities (#3, #8). Moreover,
there are indirect risks because, e.g., very few decisions are made shortly before and after an election,
which increases the risk of delay in project finalization (#17). Finally, some experts even argue that the
lack of experience with HQMs might lead to the cancelation of projects, e.g., because certification or
EPDs are missing (#8).

Disagreement with stakeholder ranks sixth for conventional materials and ninth for HQMs (+3). Some
experts (#3; #4, #6) see no difference, as stakeholders often disagree with the entire project rather than
individual material groups. On the other hand, the lower risk for HQMs can be explained by the higher
enthusiasm for HQMs. Even so, unforeseen complications, such as vapors, may lead to disagreements
with stakeholders (#14). The main impact of a disagreement is a delay in project finalization and thus a
later selling date (#8). Additionally, stakeholders might make special requests, like special windows or
noise control, which leads to higher costs (#1). In general, stakeholder issues are an up-and-coming
topic and are becoming increasingly important (#17), not only during construction, e.g., noise of the
construction site, but also because of concerns regarding the entire project (#6). Stakeholders are a
highly unpredictable risk if not addressed in advance (#5). Buildings and projects must blend in with
their surroundings in order to reduce the risk of disagreement with stakeholders (#4).

Competition of buying parcels is currently a high risk in real estate development. Similarly to the
risk of stakeholder disagreement, competition in buying land is a risk at a very early stage of project
management. Some experts argue that HQMs might help when acquiring property as HQMs allow
for new and innovative buildings (#1), while others argue that vendors just want to see the money
(#16). In general, this is currently a high risk as parcels in most developed countries are rare and a lot
of investors and developers are looking for new possibilities (#5). If competition of buying parcels
leads to delays in project finalization, HQMs might have an advantage, as construction times can be
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shortened due to innovative processes, i.e., faster drying of concrete (#14). With a difference of +9, the
greater importance for conventional materials is clear.

Historical finds or monument protection is the first risk that is ranked higher for HQMs (difference
−2). One reason for this might be the strict guidelines in material use for these projects (#5, #9, #14)
and missing empirical values for HQMs (#8). However, there is also the possibility of new materials
allowing for easier refurbishment of a building, e.g., interior insulation (#8, #9, #11), or strict regulations
acting as an argument for HQMs and against cheaper conventional materials (#13). In general, historical
finds are always a high risk for developers, as during the building and refurbishment processes new
information might come to light (#1).

Litigation is ranked number 1 for HQMs and number 9 (−8) for conventional materials. This can
mainly be explained by the lack of experience with new materials and the connected high chance
of litigation resulting from misuse, wrong installation, or unforeseen maintenance procedures (#4,
#5, #6, #10, #11, #14). The topic has recently become more important (#3, #14, #17) and most of the
developers already include a budget for litigation in their project planning (#5). One reason for this
growing importance is the complexity of current projects, which often leads to jurisdictional issues (#5).
Apart from the design, projects become more complex as more materials are applied, e.g., cements or
glues, which is always problematic due to mistakes potentially being associated with the variety of
input variables. In particular, if several subcontractors have to work together, cooperation is crucial,
and the risk of mistakes increases (#3). The risk of delays due to complexity mainly depends on if the
application of HQMs increases or decreases complexity (#14). Finally, missing precedents for HQMs
foster the fear of lengthy litigation processes (#14).

Experience in the application of different materials also plays a role in cost estimation. Inaccuracy
is ranked 10th for conventional materials and seventh for HQMs (−3). Often, innovative products
are planned individually for every project, leading to higher costs being connected to these materials
(#2). In addition, more effort and precision are applied to HQMs, as managers and engineers try to
minimize risk with new and more expensive materials (#4, #13). In contrast, there is less tolerance in
manufacturing HQMs, as precision is important, and thus more volatility in cost estimation occurs (#14).
Moreover, HQMs have the general disadvantage that processes and linkages between stakeholders
within the construction process are not so well attuned and, thus, the risk of delays for these materials
is higher (#8, #11, #14). Bad or insufficient internal management increases costs due to delays or faulty
construction (#17). In general, delays due to wrong cost estimations or miscalculations of working
hours are a result of external institutions, e.g., administration or politics (#5), and, hence, not always an
indicator of internal imprecision. Finally, in some cases, realistic cost estimations might lead to losing
the mandate for a project and, thus, lower turnover (#17). Therefore, while not all companies aim to
estimate costs realistically in a first step, in the view of a sophisticated risk management strategy, this
is irresponsible and endangers the survival of the entire company.

A large difference can also be observed in the availability of labor (−9). This is a general problem
during boom periods for the entire construction industry (#5, #8, #12, #18), but this issue is a high
risk in particular for HQMs (rank 4). Obviously, it is more difficult to acquire the highly skilled labor
necessary to apply complex HQMs, as most of these materials are rather new, and less suppliers are
available on the market (#4, #5, #11).

The largest difference in ranking (−13) can be seen for inadequate maintenance. As with the cost
estimations, less information is available for new materials (#8, #11). Consequently, maintenance
measures are ranked third for HQMs. For conventional materials, it is known which techniques can
be applied to certain problems; for HQMs, this experience is missing (#4). The risk for HQMs can be
lowered if projects are certified according to environmental standards, e.g., LEED, because life cycle
thinking and end-of-life play an important role in certification and thus provide indicators regarding
maintenance (#8). Customers want economic solutions for maintenance, and most of the time this is
provided by conventional materials (#5).
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Table 4. Differences between materials (based on expert interviews).

Risk Type Ranking CM Ranking HQM Difference *

Changes in environmental regulations ER 1 14 +13
Changing political majorities ER 5 15 +10

High competition in buying parcels PR 7 16 +9
Changes in building regulations/norms ER 4 8 +4

Disagreement with stakeholder PR 6 9 +3
Economic crisis ER 3 4 +1

Increasing resource/raw material prices PR 2 2 0
Historical finds/monument protection ER 8 6 -2

Inaccurate cost estimation PR 10 7 -3
Litigation PR 9 1 -8

Availability of labor PR 14 5 -9
Inadequate maintenance PR 16 3 -13

* Difference is the variation between the index ranking of the conventional materials and the index ranking of the
high-quality materials. The higher the variation is, the larger the differences in the ranking. Both rankings are based
on the answers of the interviewees. CM: conventional materials, HQM: high quality materials, ER: external risk, PR:
project risk.

For some developers, however, importance is not only allocated to the investment costs, but also
to the intensity of construction and manufacturing, as well as the complexity of the installation (#15).
HQMs are complex systems with expensive maintenance, and are prone to failure (#3).

Meanwhile, the relation of all risk is 36% to 64% regarding external risks (ER) and, for project risks
(PR), the percentage rises to 42% and 58%, respectively, for the most important risks. Consequently,
external risks are overrepresented in the most important risks.

4.2. Application of the Identified Risks and the Model in a Case Study

In the following section, the identified and ranked risks are applied to the cash flow calculation of a
commercial real estate object in a medium-sized German city (see Table 5). An office building was used
as the commercial market is less fragmented than the housing market and thus the results are applicable
to a large sample of real estate projects. Additionally, office building projects were forerunners in
large-scale building certification and information about environmental impacts have become standard
in the planning and investment processes (#2, #8, #9, #13). An illustrative risk-free project plan
calculation was used as a starting point. The calculated risk costs were therefore not recorded explicitly.
These arise automatically in the stochastic model through the effect of asymmetrical risks. Both the
rental price and the multiplier are interpreted as given by the market for an analogous (finished) object
today and redefined within the simulation. Furthermore, it was assumed that the boundary costs of a
conventional construction are not substantially different from those of the innovative construction
methods (e.g., the use of trucks, cranes, etc.).

Differences in costs are displayed in different risks. As an alternative investment is needed for
comparison and the exemplary development project is based in Germany, a portfolio based on the
German stock market, with 7% expected return and 17.5% standard deviation, is used at a risk-free
interest rate of 2% and a project term of T = 4 periods. These values are used to portray the valuation
method. The market values represent the possibility of an alternative investment for the valuation
subject. All these market parameters are exemplary and based on the values of the German stock
market and of the target of the European Central Bank (ECB), but are to be reassessed in a real case
valuation and can differ from these values because of many different reasons.
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Table 5. Cost estimation of the exemplary project (in thousands of euros).

Purchase of land 10,000
Derelict land reclamation 130

Construction costs 11,185
Ancillary construction costs 1119

Costs for project management 976
Financial costs 1165

Marketing and PR costs 112
Total costs 24,686

Rental price 14.4 (euros/m2)
Multiplier 20
Sales price 27,456

Profit 2770 (11.22%)

Source: Project plan provided by (#12) and backed by [74–76].

This results in a multi-period risk of 0.5. The diversification factor is assumed to be 0.5, since the
company, as an assessment entity, does not have only one project, but fluctuations of individual projects
are partly offset by each other. The cost parameters are based on a standard developer calculation
and cost components were discussed with practitioners. The detailed model of the risk calculation is
provided in Appendix B. Table 6 presents the main results of the case study.

While the results show that conventional real estate projects tend to have slightly higher valuation
results than projects with HQM, the overall variability (standard deviation in euros) is approximately
the same for both types of projects (see Table 6). Based on these findings, the following valuation results
of the explained project can be determined: conventional at 1,070,827 euros, HQM at 789,905 euros.

Table 6. Main results of the stochastic model for cash-flow (in euros).

Item CM HQM Better Performance

Average 1,540,457 1,270,538 CM
Standard deviation 1,878,521 1,922,531 CM

Coefficient of variation 121.9% 151.3% CM
99% Quantile −2,211,530 −2,596,502 CM
95% Quantile −1,261,177 −1,598,216 CM

99% Deviation-Value-at-Risk 3,751,986 3,867,040 similar
95% Deviation-Value-at-Risk 2,801,634 2,868,754 similar

[99%–1%] [−2,211,530–6,659,881] [−2,596,502–6,464,053] similar
[95%–5%] [−1,261,177–4,995,583] [−1,598,216–4,783,768] similar

CM: conventional materials; HQM: high quality materials.

The following graph (Figure 2) shows the density and distribution function of the cash flows for
conventional (red shaded area) and HQM (blue shaded area) real estate projects and thus visualizes
the results. As the peak of the red area (conventional projects) is more to the right, the probability that
these projects gain a higher cash flow is larger. The blue area (HQM projects) is more to the left and,
thus, the probability of higher cash flows for these projects is slightly lower than for conventional
projects. However, the similar shape of the two areas shows that the uncertainties connected to the
cash flows are similar.
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5. Discussion

While the use of HQMs is usually financially valued by customers, sustainability itself is only a
minor aspect in this context (#2, #21) [77]. Clients have been known to show only a light interest in
innovative materials, either because they do not care what is beyond the surface of a wall (homeowners)
(#21), they just want a certificate for office space that they intend to rent out (investors) (#17), or because
their own clients are interested in green production processes (companies) (#16) [78]. In the case of
conventional materials leading to a lower margin, developers still prefer them in many situations, as
the perceived risk regarding their application is lower (#2).

Project risks are increasing in association with the current long-term boom in the real estate market
of most Western countries, as a high demand for construction companies leads to time-pressure for
these companies, resulting in the selection of lower-quality companies that otherwise would not have
been chosen (#8, #11) [79]. Moreover, in more competitive markets and periods, it is not very likely
that companies will try new materials, as the general market pressure is too high (#8, #11, #13). At
the same time, cost estimation becomes uncertain, as prices and costs for subcontractors have a high
volatility. It becomes even more difficult for developers to plan and estimate new projects (#5), as
poor calculation of work hours reinforces the arduous search for qualified staff and as a result, bad
planning can have a dangerous impact on the finalization of a project or increase costs (#6). Resource
prices also vary over time and economic situations; while demand may currently be high resource
prices are not a significant issue (#5). However, this might change in a few years, depending on global
economic development. In contrast, the purchase of land is a very hot topic now (#6) [80,81], with
limited availability of unoccupied land meaning that economic risks play an important role when
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selecting potential sites (#5). In times of accommodative monetary policies and low interest rates, the
risk related to inflation is negligible (#6). It is only for very long projects, where selling prices and
financial planning differ, that inflation could pose a problem (#3).

Although financing is currently not considered a problem, this could change substantially in
times of crisis, with the solvency of developers being an important point that gains in significance
during times of crisis (#5). If financing is planned today without considering changing conditions due
to financial crises, projects may be canceled (#1, #6) [82]. While big developers that are backed by large
companies use equity capital and are not overly reluctant regarding changes in financing conditions,
this is a major issue for smaller developers (#5). At the same time, although flexibility in usage, e.g.,
the change between housing, offices, or hotels, is currently not a big issue due to high demand (#6), the
prominence of the topic is growing, and is key during economic downturns (#5) [83,84].

Several experts (#13, #15, #16, #19) mentioned one point as being very important: integrated
planning. If architects, planners, and different actors that are part of the project do not work together,
project risks are tremendous, and profits tend to be zero. However, if integrated planning is established
and lived by all stakeholders, project risks are close to zero [85,86]. Nevertheless, external risks are
still present.

Finally, decent risk management is important, regardless of the economic situation [87]. During
boom phases, it helps to avoid projects where tenders are too high, as the overall risk for the company
exceeds healthy levels, potentially endangering the entire company (#11, #17). During crisis, a
sophisticated risk assessment is important to mitigate the requirements for external capital becoming
much more stringent, and banks requesting risk controlling measures.

Although conventional real estate projects seem to have positive effects regarding profit and
uncertainty, several aspects must be discussed, as they are not displayed in this simplified model. First,
innovative materials might allow faster application and drying times, thereby accelerating the entire
construction process (#9). As a result, the sale is concluded earlier, which increases both the value
and profit. Second, HQMs might allow thinner construction, meaning more floor space is possible
for the same building layout. This would be directly visible in a higher sales price and thus higher
value. Moreover, innovative materials allow for new designs and new ways of thinking, thus adding
additional value to a real estate object. Third, HQMs might be more expensive in the initial investment;
however, lower utility costs can be used in the sales process to increase prices. Fourth, materials
that exceed current standards might be interesting for long-term investors, as they benefit from these
characteristics in a future sale if regulations become stricter. Future scenarios range from a totally
unsellable property of unsustainable real estate, to rental problems, to negative effects on rental and
sales prices. Finally, HQMs might attract more attention from developers during economic crises, as
materials become cheaper and sustainability is used by developers to attract clients and, thus, as a
sales argument.

6. Conclusions

The article proposes a risk assessment method that is applied to a case study. Risks are first
identified in the literature and subsequently assessed and ranked in importance by practitioners.
A stochastic model which extends current methodology due to its inclusion of environmental and
long-term risks is then presented. This model is applied to a conventional real estate project and a
green project using high quality materials (HQMs). The aim of the article is, first, to show the influence
of risk and uncertainty related to real estate projects in cash flow calculations, and second, to present a
risk assessment methodology that integrates these risks, and thus accounts for new material properties.

We are well aware that uncertainties and risk assessment associated to real estate market demand
an in-depth analysis beyond environmental issues and high-quality materials. However, based
on the scope of our research, the results show that—using the risk assumption of the interview
partners—increasing resource or raw material prices, changes in environmental regulation, and
changes in building regulations or standards are the most important risks for conventional real estate
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projects. Moreover, HQMs do not generate higher cash flows in comparison to the use of cheap
materials, and uncertainties in the cash flow prediction are lower for conventional materials.

The results further show that, for a basic stochastic model, the use of conventional materials
still outperforms the application of HQMs. In some areas, however, HQMs appear to dominate and
suppress existing materials. To strengthen this development, more planners and architects must be
convinced of the advantages of HQMs, as they have the highest influence on material selection (#11,
#21). Another crucial aspect is the sufficient supply of HQMs; developers prefer variety in the supply
network because monopolistic structures tend to dominate the market and prices (#3, #11).

The analysis is based on the risk perception of the project developers, and not on statistical analysis
of actual events. It is known from other studies [55] that risk perception can be distorted. Although this
analysis does not necessarily show that innovative construction economically unjustifiable, a decision
by project developers against this type of construction is part of their current risk-bearing rationale.

Taking a critical look at our results, risks are contingent on the specific context [88] and, as risk was
accumulated during a long-term boom phase in the real estate market, the value of our literature review
and the follow-up interviews might be perceived as being too narrow. Risks are volatile and will change
over time, especially during an economic crisis [89]. The change in risk distribution is non-proportional
and, consequently, a long-term survey is needed to gain a better understanding of risks over time.
Moreover, the results are more appropriate for trade developers than for build-and-hold developers, as
their time frames differ.

From a practitioner’s perspective, the practicability of such a time-consuming risk identification
process might be brought into question. For both researchers and practitioners, other methods such as
multi-criteria decision-making [90] or the analytic hierarchy process [44] may be appropriate for the
straightforward identification of context-specific risks in a project setting [91], as an extensive literature
review and interviews might not be possible in a real-world project.

Several aspects might influence the stochastic model, and thus our results. First, as previously
mentioned, the identified risks show a high granularity, and most of them are difficult to display in a
model (#17). Second, several risks were evaluated differently; depending on the individual business
situation, risk-like changes in tax regulation are perceived as very high (#3), and others evaluate
the risk as lower (#16). Third, follow-up management and corruption are not part of the official
developer calculation, although they have significant influence on project bidding and management in
the construction industry [26]. Both factors influence the profitability of a project, which can only be
displayed by a far more complex stochastic model.

We recommend verifying the risk perceptions of the participants described here using historical
data. Furthermore, the sample of the analysis should be enlarged in order to identify more rigorous
differences between the risks for residential construction, commercial buildings, and hotels. We also
endorse applying the stochastic model to more cases built with conventional materials and HQMs to
verify our results. Additionally, the influence of other gatekeepers that shape the circumstances, such
as the political system, insurance companies, or mortgage companies, e.g., Fannie Mae and Freddie
Mac, should be investigated.
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Appendix A

Table A1. An overview of all risks and the score of each individual risk.

Conventional Material High Quality Material

Risk Index Standard Deviation Risk Index Standard Deviation

EXTERNAL RISKS

Customer risks

Changes in demand 3.67 2.89 4.17 3.07
Environmental risks

Force Majeure (Acts of God) 1.94 1.65 2.06 2.05
Weather phenomena 2.33 1.53 2.67 2.25

Economic risks

Economic crisis 4.94 2.32 5.11 2.31
Inflation 1.72 2.33 1.78 2.70
Exchange rate 1.28 2.35 1.17 2.75

Social and cultural risks

Historical finds/monument protection 4.33 2.71 4.83 3.02
Political risks

Missing/unspecific regulation 3.33 2.62 4.00 2.97
Delay in approval 1.94 2.35 1.94 2.49
Corruption 1.83 2.34 1.83 2.48
Labor strikes 0.83 1.13 0.83 1.13
Changing political majorities 4.72 2.73 4.33 2.74

Legal risks

Changes in taxation 3.56 2.85 3.22 2.83
Changes in environmental regulations 5.00 1.80 4.39 1.88
Changes in building regulations/standards 4.83 1.77 4.78 1.94

PROJECT RISKS

Property risks

Uncertainties during land acquisition 1.39 2.10 1.72 2.67
Risks during the planning and design phase

Changes in design / project story 2.61 2.07 4.00 3.00
Insufficient design in tender invitation 3.28 3.16 4.17 3.33
Poor contracting 3.28 2.59 4.50 2.90
Poor design of the user requirements 1.39 2.85 1.83 3.44

Risks during construction

Quality of material 3.06 2.33 4.11 2.59
Quality of equipment 2.72 2.32 3.67 2.73
Availability of labor 3.67 2.45 5.06 2.66
Availability of material 3.28 2.17 4.56 2.64
Availability of equipment 2.44 2.17 3.44 2.93
Technical complexity and design innovations 3.78 2.61 4.50 2.49

Operational risks

Unforeseen changes in operation 2.44 2.17 2.83 2.60
Lack of expertise in the operational phase 2.44 1.85 3.61 2.68
Inadequate maintenance 3.44 1.71 5.17 2.15

Safety risks

Safety requirements 1.56 1.60 1.83 2.11
Jurisdictional requirements, e.g., fire prevention 3.72 2.53 4.44 3.01
Managerial risks

Litigation 4.33 2.35 5.39 2.05
Delayed contractual payments 3.11 2.79 3.28 2.80
Disagreement with stakeholder 4.50 2.65 4.78 2.78
Contractual disputes 3.17 2.17 4.06 2.52
Poor estimates in quantities of work 1.72 1.60 3.11 2.62

Financial risks

Lack of expertise in financing 2.44 2.14 2.67 2.13
Expensive insurance products 1.72 2.14 1.67 2.03
Inaccurate cost estimation 3.83 2.06 4.83 2.03
Increasing resource/raw material prices 4.94 2.41 5.33 2.21
High competition in buying parcels 4.50 2.76 4.33 2.69
High competition in choosing contractor 3.17 2.74 3.11 2.51
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Appendix B

Appendix B.1 Modeling of the Risks

Table A2 shows how the risks influence the cost parameter. The risk historical finds/monument
protection is not part of the stochastic model as its main influence is on the refurbishment of existing
buildings. Most of the ranked risks have a direct impact on the construction costs, while others, e.g.,
changes in the environmental regulation, also influence the ancillary costs and lower the sales price.

Table A2. Influence of the identified risks on cost parameter.

Has an Influence on . . .
Risk 1 2 3

Increasing resource/raw material prices Construction cost
Changes in environmental regulation Construction cost Ancillary construction costs Sales price

Changes in building regulations/norms Construction cost Ancillary construction costs
Economic crisis Construction cost (lower) Sales price (lower)

Changing political majorities Construction cost Ancillary construction costs
Disagreement with stakeholder Construction cost Ancillary construction costs

High competition in buying parcels Cost of land
Litigation Ancillary construction costs

Inadequate maintenance Sales price
Availability of labor Construction cost

Inaccurate cost estimation Construction cost Ancillary construction costs

The risks were either modeled as a relative deviation from planned values with a stochastic
mean-reverting process (MR process) and normally-distributed uncertainty or described as separate
impacts resulting from an absolute deviation from the planned values described by a triangle
distribution. In addition, some risks were modeled as opportunities (positive for the project developer)
and threats (negative for the project developer). Other risks just resulted in threats for the developer.
Table A3 shows the modeling types used and the details of the model. The uncertainty of increasing
resource/raw material prices (C̃rmt) is described individually. It was split into (uncertain) inflation (̃it)
and inherent variations of resource prices at time t, (C̃ermt), deviating from inflation.

C̃rmt =
(
1 + ĩt

)
·

(
1 + C̃ermt

)
− 1 (A1)

Table A3. Description of the MR process (MR factor = 0.166).

Risk Modeled as Character
Standard Deviation in %

CM HQM

Inflation MR process symmetric
opportunity/threat

Increasing resource/raw material prices MR process symmetric
opportunity/threat 0.40 0.40

Changes in environmental regulations MR process asymmetric threat 3.00 3.93
Changes in building regulations/norms MR process asymmetric threat 4.00 2.62

Economic crisis MR process symmetric
opportunity/threat 3.50 3.37

Changing political majorities MR process asymmetric threat 3.00 3.37
Disagreement with stakeholder MR process asymmetric threat 3.00 2.29

High competition in buying parcels triangular asymmetric threat 2.50 3.03
Litigation triangular asymmetric threat 2.00 1.78

Inadequate maintenance MR process asymmetric threat 1.50 3.12
Availability of labor MR process asymmetric threat 1.50 4.95

Inaccurate cost estimation MR process symmetric
opportunity/threat
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Figure A1 presents three examples of the development and range of risks, including inflation,
as an example for an MR process where starting and target values differ; changes in environmental
regulation, as an example for an asymmetric threat; and inaccurate cost estimation, as an example for
systemic risks.
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Figure A1. Examples of the development and range of different risks.

Appendix B.2 Modeling the Impacted Costs

The effect of several risks modeled as an MR process and thus as a relative deviation were
multiplicatively linked. The difference between the construction costs (RCCt) and the ancillary
construction costs (RACt) are:

R̃CCt =
(
1− R̃reT

)
·

(
1− R̃erT

)
·

(
1 + R̃brT

)
·

(
1− R̃ecT

)
·

(
1− R̃stT

)
·

(
1 + R̃w fT

)
·

(
1− R̃coT

)
·

(
1 + R̃pmT

)
− 1 (A2)

R̃ACt =
(
1− R̃erT

)
·

(
1 + R̃brT

)
·

(
1− R̃stT

)
·

(
1 + R̃pmT

)
− 1 (A3)

where (R̃reT): Increasing resource/raw material prices, (R̃erT): Changes in environmental regulations,

(R̃brT): Changes in building regulations/norms, (R̃ecT): Economic crisis,

(R̃stT): Disagreement with stakeholder, (R̃w fT): Availability of labor, (R̃coT): Inaccurate cost estimation,

(R̃pmT): Changing political majorities

The risks modeled as absolute deviations (R̃li) are added after the relative deviations are applied.
Thus, the value of this position in a simulation run is obtained by:

ÃCt = ACPlan
t · R̃ACt + R̃li (A4)
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Appendix B.3 Modeling the Sales Price

The stochastic sales price at time (P̃T) is determined as a product of the estimated rental price at
time T (r̃entT) and the uncertain sales multiplier at time T (m̃T).

P̃T = r̃entT · m̃T (A5)

Inflation influences both the achievable rental price and the sales multiplier. The uncertain rental
price at time T (r̃entT) is based on the estimate of today’s rental price (rent 0) of 14.3 euros per m2 and
month plus an uncertain inflation development until the end of the project.

r̃entT = rent 0 · area ·
T∏

t=1

(
1 + ĩt

)
(A6)

The scientific basis behind a sales multiple is that the multiple mathematically displaying the
reciprocal of the discounting factor—generally known as property interest rate. A risk-free discount
rate is based on the risk-free interest rate, and a risk premium as a function of the overall risk-bearing
capacity of the valuation object. In this model, the risk premium was split into a general risk premium
(rz) as well as a premium depending on the modeled uncertainties. Thus, the multiplier (m̃T) is
calculated as the reciprocal of the uncertain inflation plus the effects of economic crisis (R̃ecT), changes
in environmental regulations (R̃erT), and inadequate maintenance (R̃mT), which influence the sales
price, as well as a general risk premium (rz).

m̃T =
1

rz +
(
1 + 0.5 · ĩT

)
·

(
1− 0.5 · R̃ecT

)
·

(
1− 0.5 · R̃erT

)
·

(
1 + 0.5 · R̃mT

)
− 1

(A7)
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