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Abstract

Given the need for a transition towards a more sustainable housing portfolio [1], a growing interest
calls for cost optimal housing concepts. By starting a partnership with the TU/e via a graduation
project, Grontmij invested in a cost optimality method that enables their clients in the housing
corporation sector to make informed decisions when developing the built environment.

A good understanding of the current developments in the housing sector is important, while
decisions to upgrade are mainly financially driven, societal objectives play a part too.
Consequently, over twenty experts from Grontmij, housing corporations, and research institutes
were interviewed. The interviewees provided input for the SWOT confrontation which revealed
the added value for the decision support method, that supports documented decision making.

The method is designed to analyze the performance of design variants and provide the cost
optimal solution for a range of scenarios. This enables Grontmij to give well considered advice on
probing questions from the market. Implementation for case specific details is embedded in the
method, maximizing its applicability. Further enhancement is achieved by developing the method
in the familiar Excel environment, shaping an intuitive user interface for a large user data base at
Grontmij.

The performance of the decision support method is investigated and improved by a case study.
It is assessed using a range of design variants and scenarios. The design variants are comprised
of building envelope options, heating options and renewable energy generation options. The most
influential scenarios that affect the performance of the design variants, are included in the method:
user scenarios, climate scenarios and economic scenarios.

The decision support method revealed design variants in the case study that provide significant

(110%) energy reduction for minor (11%) extra costs over the life cycle. Other findings revealed

that there is not one absolute cost optimal solution for all the scenarios. The major influential actor

proved to be the economic scenari o. The housing cor
housing relies heavily on the feed-in tariff. The rate of the feed-in tariff is unmanageable by

housing corporations, as it is subjected to political decision making. The decision support method

adds value by assessing the financial sensitivity of the designs solutions in respect of changes in

the feed-in tariff. Consequently, housing corporations are enabled to make well informed

decisions given the insight in the financial robustness of each design variant.

Housing corporations are running out of time if they wish to have their building stock to meet the
energy efficiency targets derived from the EPBD. The findings in the study enable Grontmij to
advise housing corporations how to achieve their complex task for corporate social responsibility.
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The Buildings Performance Institute Europe (BPIE) definitions [2]:

Cost-optimal level

Nearly

zero-energy

buildings (NZEB)

Net present value

Reference buildings

fGr

Cost-optimal level is the energy performance level which leads to the
lowest cost during the estimated economic lifecycle.

ANear l-gnaergy buil dingd means a bu
performance, as determined in accordance with Annex | of the EPBD
recast. The nearly zero or very low amount of energy required should be
covered to a very significant extent by energy from renewable sources,
including energy from renewable sources produced on-site or nearby.
The net present value (NPV) is a standard method for the financial
assessment of long-term projects. It measures the excess or shortfall of
cash flows, calculated at their present value at the start of the project.
Representative buildings that are characterized by their functionality and
regional conditions, including indoor and outdoor climate conditions,
geometries etc.
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1 | ntroducti on

1.1 Business opportunity

Grontmij is continuously seeking to improve their business opportunities towards the market segment
of the housing corporations. By starting a partnership with the TU/e via a graduation project, Grontmij
aims to further develop their business advisory on a multi-disciplinary field. A literature study and
interviews conducted earlier revealed a desire for a decision support method based on the EBPD
cost optimality method.

With natural resources depleting, the awareness for a more sustainable way of living is wide spread.
Governments have set themselves targets to decrease the energy use and increase the share of
renewable energy. The Netherlands has committed itself in 2020 to consume 14% of its energy from
renewable sources. In 2013 it consumed 4.5% of its energy from renewable sources [1].

The built environment has a great potential to reduce the energy demand and increase renewable
energy. Housing associations have large stock portfolios (26 million homes, meaning 11% of existing
dwellings in the EU) [3]. Due to its size, they play an important role in the ambitious Dutch
commitment.

In the Netherlands a significant part of the housing stock (30 to 40%) is owned by housing
associations. These housing associations have inherited a complex social task to make their housing
stock with limited funds future-proof in a pleasant living and working environment. Many housing
corporations struggle with the preservation of their existing dwellings to many and very diverse
reasons of technical, financial, social / governance nature (Figure 1).

With natural resources depleting and o+ W
signs of global warming, the U -
awereness for a more sustainable way (5551 ¢, o .
o i A o Global Warming Resources
of living is wide spread. Sustainable living, Depletion

Governments have set themselves
targets to decrease the energy use
and increase the share of renewable
e energy. Housing corporations have set

targets for themselves together with
the government.

Housing The Netherlands European

Corporations Union Legislation

Housing corporations need to upgrade (\

their building stock. By doing so they N -~

hope to meet their sustainablity targets Cﬁ) (‘_@_) W/ e
and provide attractive, robust, houses ; Cost Efficient Predictable
with predictable expenses for the Mé’urﬁdsilrjlsgtgltgi?e B
vulnerable tennants.

Energy Label B
on average

Figure 1: Challenges for the social housing corporations.
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1.2 Context

Grontmij

Grontmij is part of Sweco. Sweco plans and designs the communities and cities of the future. Its work

results in sustainable buildings, efficient infrastructure and access to electricity and clean water. With

14,500 employees in 15 countries, they offer their customers the right expertise for every situation.

Sweco carries out projects in 70 countries annually throughoutthe world. Sweco i s Europeds | e
architecture and engineering consultancy, with s al es of approxi mately SEK 15.
(pro forma 2014). The company is listed on NASDAQ OMX Stockholm AB.

Trends in the housing sector

The housing sector has changed significantly over the course of the last few years. A brief summary
of the developments of the trends is given below. Its content derives from a DESTEP Analysis of
which Figure 2 gives a schematic overview.

Feasibility covenant " energiebesparing huursector " is challenged by corporations;

Energy savings as a goal shifts to a way for saving on housing costs;

Investments in new construction slow down, focus shifts to the existing stock;

Planning for upgrading houses is preferably executed with natural moments;

Since July 2015, there is the Authority Housing Associations, which holds financial supervision on
the housing corporations and can impose penalties.

9 Housing corporations have to make sure that in 2018 at least 95% of households - that have legal
right to housing benefit - are assigned a house with a renting fee below the capping threshold.

= =4 =4 -8 A

Housing corporations are faced with new legislation and social responsibility that directly affects
their business. A covenant stating high targets in terms of upgrading the building stock was signed
by the umbrella organization of the housing corporations. At the same time there is political
pressure to keep the houses affordable. How realistic the demands are is debatable. Corporations
invest less in new buildings and more in the existing housing stock.

In the integral vision on the housing market [4][5], the following themes for the period 2016 -2019
are appointed with priority:

1 Affordability and availability for the target audience;

1 Creating an energy efficient social housing stock in accordance with the agreements in the
National Energy Accord and the Covenant on Energy Rental Sector;

1 Housing urgent target groups;

1 Housing for tenants that require more care and elderly tenants, to live longer independently.
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Figure 2: Schematic overview of the DESTEP Analysis.

Foundation of the decision support method

The decision support method is based on the cost optimality method, as stated in the introduction.
Cost-optimality models are used by EU member states to define their building requirements. Hence,
the EU has guidelines for cost-optimality models [6]. The complete process to assess and report on
cost-optimal levels for buildings energy performance is extensively described in several studies [2],

[7118].

Cost-optimality is a special case of cost-effectiveness. Literature describes cost-effectiveness as a

measure or package of measures where the cost of implementation is lower than the value of the

benefits that result, taken over the expected life of the measure [9]. Commercial stakeholders

consider cost-effectivenes s di f ferently as their retur-mptoinmalnivest
result is that action or combination of actions that maximizes the net present value e.g. minimize the

total life cycle cost.

Cost-optimality is an effective approach to highlight the performances between sets of energy saving
measures (ESM). By evaluating ESM variants, it will be possible to identify three types of potential
gaps. Figure 3 gives a graphical representation of cost optimality and the gaps it identifies.

f Grontmij TU / Tehaische Unversii
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Figure 3: Graphical overview of cost optimality.

1.3 Objectives and research question

Many housing corporations struggle with both the preservation of their existing dwellings and deciding
on new housing concepts. The struggles derive from many and very diverse reasons of technical,
financial, social / governance nature. The survey conducted for this study (Chapter Error! Reference
source not found.) revealed a desire to predict how a range of housing concepts perform over time
under uncertainties.

Hence, study aims to contribute to making well considered decisions in terms of upgrading or building
new sustainable housing concepts by providing Grontmij a user friendly method that supports the
assessment of design variants under a range of scenarios.

The scenarios are split into three categories:
1 User scenarios

1 Climate scenarios
1 Economic scenarios

This results in the following research question:

What is a cost optimal method that enables Grontmij to advise housing corporations in a range of
design variants under a range of scenarios towards a more sustainable portfolio?

2 Technische Universiteit
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1.4 Thesis outline

A deep under st andi ng isbdstathievwed vehénthgrg 8 a basici undérstandjrg
of the underlying methodology (Chapter 2). This chapter addresses the foundation of the study: the
methodology of the interviews and the decision support method. Assuring the method is fit for practice

requires a case study. It acts as a coat rack for the development of the method. The case

reference building, design variants and scenarios are represented in chapter 3.

Using the methodology as described in chapter 2, and the case study in chapter 3, we can investigate
the outcome and put it into context in chapter 4. The process of developing the method and analyzing
the result unveiled interesting and diverse aspects that are worthy for further investigation, which are
summarized in chapter 6 which also concludes the research.

#ﬁ EB § Chapte.r 2_descr|bes .the methodology,

I'I . ’ N answering: How the interviews are set

User Interface S:nulatinns Interviews L‘\/‘\ up, what software is Used, and how it
Methodology is integrated in one bundle.

The third chapter is devoted to the
case study. It contains a brief
description on the reference building
and the design variants and scenarios.

2 WAYDL YK

Reference Design Variants Scenarios

Case Study Building

. The result from the interviews is
_:-;:‘:- summarized in chapter 4. Followed by

~ the outcome of the case study which is
analyzed given the context of the
housing corporations.

C.0. Result Experts’ view

Chapter 6 concludes the report and
mentions future work.

Conclusion

Figure 4: Schematic overview of the report structure.
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2 Met hodol ogy

2.1 Field study

A good understanding of the current developments in the housing sector is important, as decisions
to upgrade are not only financial driven. Grontmij values a verification on the studied literature. Over
twenty experts from Grontmij, housing corporations, and research institutes are interviewed, giving
practical insight and input for the decision support method.

Asking the proper interview questions is indispensable for gathering valuable information. There are
many guidelines that provide support, in this case the guideline Kempen and Keizer [10]. Good
preparation is key, which is why a pilot is performed to test the questionnaires and improve
shortcomings. An iterative process ensures the interviews offer depth on specific topics. Key points
are noted and the interviews have a semi-structured nature to encourage the interviewees to express
his or her view freely. The questionnaires are available Error! Reference source not found. .

Findings from the literature study on the developments in the housing sector, opportunities and
threats are assessed by the interviewees enabling them to verify and co-create the SWOT analysis.
Grontmij values information that improves their market opportunities towards the market segment of
the housing corporations. How Grontmij can strengthen their advisory is based on the SWOT
analysis. The findings not directly related to the cost optimality method are documented in a separate
report. Figure 5 gives the flowchart of the field study.
to validate the findings in the literature. EE]
And to assure applicability of a . , — e S

decision SuppOI’t method. Interviews Experts Corporations Institutes

Various stakeholders are interviewed

f Grontmij 1

The findings are classified in

iy

:j:@\:: strengths/weakness of Grontmij, or
"‘A __________ + - . opportunities/threats in the housing
Opportunities & Strengths & market.

Weakness
Sweco Analysis

Threats in the

The next step is a SWOT confrontation
to determine business opportunities for
Grontmij. The findings act as input for
a decision support method.

Decision support
SwoT tool
fi

Confrontation

Figure 5: Flowchart field study.
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2.2 Decision support method

Developing the decision support method begins when the challenges in the sector are known. The
method includes housing concepts from a range of energy efficiency, costs, and scenarios. Figure 6
gives a schematic representation of the methodology.

Excel acts as the starting point, where data from other sources are stored in. Building performance
simulation software predict the hourly heating demand for each combination of energy saving
measures under different user & climate scenarios (electric consumption of appliances excluded).

The System Advisory Model predicts the energy production of renewable energy variants and their
costs. This is again stored in Excel where variants of household appliances are added, and the
heating demand is converted is converted using the corresponding SCOP values of the heating
systems. Finally, the costs are calculated and economic scenarios applied.

Tableau extracts the result from excel and displays it in a user friendly environment. A custom user
interface gives displays the result in a professional and attractive setting.

Figure 6: Schematic representation of the methodology.
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