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Abstract

This research explores the value offered by Product-Service-
Systems (PSSs), also known as Product-as-a-Service (Paa$S),

to organizations that develop, own and operate rental housing
portfolios. The Dutch national government’s ambition for a circular
economy by 2050, combined with the demand for over 1 million
sustainable new homes in the coming decades, provides grounds
for increased PSS implementation in the housing sector. PSSs

are touted as a critical tool to decouple environmentally harmful
resource extraction from continued economic growth. However,
for them to be implemented at scale, they must demonstrate clear
value to decision makers who consider procuring them. As such,
the value of PSSs in rental housing is theoretically explored and
empirically studied through case studies to understand what drives
housing providers to use PSSs within their developments and
portfolios. The research reveals additional advantages perceived
by housing providers, how housing providers analyze the use of a
PSS, what challenges they encounter, and a preliminary review of
how circular the studied cases inherently are. Five expert interviews
are used to corroborate the findings from the case studies.

Lastly, a financial simulation is conducted to understand the tax
implications of using leased PSSs with zero-upfront investment.

Keywords: Rental Housing, Value, Product-Service-System (PSS),
Product-as-a-Service (PaaS), Leasing, Circular Economy, Real
Estate Management, Housing Management.
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EXECUTIVE SUMMARY

1. Introduction

Of humanity’s numerous environmentally-
damaging activities, resource consumption

is the underlying cause of greenhouse gas
emissions and global warming (Satterthwaite,
2009). If no change is undertaken, resource
consumption will intensify as the global
population grows by an additional 41% by

the end of the century (United Nations, 2019).
This is especially concerning because, as of
2019, humanity already consumes natural
resources 75% faster than nature replenishes
them (Wackernagel et al., 2019). If resource
extraction is not reduced, humanity will
eventually deplete the world’s biocapacity.

With much of the world’s population moving
to cities, an immense amount of urban
housing construction is needed to keep pace
with demand. The demand for residential
construction unfortunately works in direct
contradiction with reducing resource
consumption, as housing “represents the
largest resource and emissions footprint”
among society’s most crucial needs (Circle
Economy, 2021).

To address such issues, the concept of the
“circular economy” has been introduced as

a means to reduce resource extraction and
waste by keeping materials in perpetual use
and using them to their fullest capacity. A
circular economy requires the re-evaluation
of current economic incentives which rely on
continuous resource extraction to achieve
economic growth. Product-Service-Systems
(PSSs), commonly referred to as Product-as-
a-Service (PaaS), have been identified as a
business model with the potential to align
increased economic growth with reduced
resource consumption as they establish

the possibility of ownerless consumption
(Ellen MacArthur Foundation, 2013). When
consumers do not purchase products, but
instead lease them, manufacturers retain
ownership of their raw materials and thus
are incentivized to use them as efficiently as
possible while reducing waste and the need
for further resource extraction (van Ostaeyen
etal.,2013).

Problem Statement

The Netherlands, like many countries globally,
faces the aforementioned climate change
and housing challenges. To help facilitate
the realization of aggressive climate goals,
the Dutch National Government intends to
develop a circular economy by 2050, at which
time, “raw materials will be used and reused
efficiently without any harmful emissions
into the environment” (Government of the
Netherlands, 2016). In terms of housing
production, when combining current
shortages with forecasted population
growth, roughly 1.2 million new homes must
be constructed by 2050 (ABF Research,
2020; Ministerie van Binnenlandse Zaken
en Koninkrijksrelaties, 2019). Much of the
housing will be built as dense multifamily
housing in the cities of the region known

as the Randstad (CBS, 2011) by housing
providers (HPs) that develop and manage
social-, mid- and high-income homes.

The required housing construction relies

on resource extraction which unfortunately
exacerbates current climate issues. If building
components are purchased by housing
providers (HPs), or organizations who develop
and manage rental housing, it is unlikely

that the raw materials will be reused in
future products, as the materials will likely

be discarded at the end of their initial use
(van Ostaeyen et al., 2013). Thus, the value of
PSSs, especially those that are leased, will be
studied within the context of rental housing
as an alternative procurement model which
supports a circular economy.

Research Aims and Objectives

PSSs have been well-studied in applications
such as car sharing (Catulli et al., 2021)

and jet engines (Kuhl et al., 2018), though
the application of PSSs to real estate
remains limited. The research that does
exist primarily establishes a supply-oriented
perspective which offers insights into the
design and delivery of building-related PSSs
(Azcarate-Aguerre et al., 2017; Coalition
Circular Accounting, 2020). However, if PSSs
are to be implemented at scale within the
built environment, they must demonstrate
clear value to decision makers who own

and manage real estate. Thus, this research
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explores the value of PSSs from a demand-
oriented perspective, specifically that of a
housing provider (HP), or an organization
that owns and manages rental housing. The
aim is to understand how HPs can benefit
from the use of PSSs within their buildings
and portfolios. With such information readily
available, PSSs can potentially be used in
greater abundance within the housing sector,
thus serving as a demand-driven catalyst for
enhanced circularity in the built environment.

Research Questions

This research builds on the existing body of
PSS knowledge by answering the following
main research question:

“How can Product-Service-
Systems (PSSs) offer value to
housing providers?”

In this research, the term “value” is defined
by the “relative worth, utility, or importance”
of something when compared with an
alternative (Merriam-Webster, 2021). The
value to be determined is that of PSS building
components when compared with building
components that are purchased, maintained
and operated by the organization that owns
them. In order to answer the main research
question, the following sub-questions must
also be answered:

1. What is a PSS?

2. How can PSSs be applied in rental
housing?

3. What are the drivers for housing
providers to use PSSs?

4. What analysis do housing providers
conduct before using PSSs?

5. What challenges do housing
providers face when using PSSs?

6. What circular principles do
market-implemented PSSs exhibit?

7. How does the use of PSSs impact a
building’s asset value?

2. Methodology

The research is structured in four main
sections: theoretical research, empirical
research, financial simulation, and
conclusions.

Theoretical Research

Theoretical research was conducted via a
literature review of research databases,
academic journals, books, and reports to
understand the theoretical underpinnings

of PSSs and how they can be applied in

rental housing. Based on the findings, a
theoretical framework was created to identify
the theoretical value PSSs offer to housing
providers (HPs).

Empirical Research

The research is divided in three main parts,
as seen in figure Il. First, case studies are
conducted to understand what drives housing
providers (HPs) to use PSSs, what secondary
advantages PSSs offer, how HPs consider
using PSSs, what challenges HPs face, and
how inherently circular the PSSs are. The
case studies also reveal contract details and
payment structures of each PSS. Second,
interviews are conducted with experts on the
topics of Product-Service-Systems (PSSs)
and circular business models (CBMs) within
the built environment. These interviews are
used to corroborate the findings from the
case studies. Lastly, a financial simulation
was conducted to understand the financial
implications of leasing building components,
and how a buildings tax liability and Internal
Rate of Return (IRR) are impacted. The case
studies, expert interviews, and financial
simulation allow for triangulation which
increases the validity of the research
(Bryman, 2016).

Case Studies

The use of multiple case studies enables a
deeper understanding of the value PSSs offer
the housing providers that use them. The use
of case studies allows for the investigation

of “a contemporary phenomenon within its
real-life context” (Yin, 2003). As such, this
research investigates the contemporary
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phenomenon of Product-Service-Systems in
the real-life context of American and Dutch
rental housing.

Across the 7 cases, as seen in figure |, all
required criteria were met. Only in two cases
were representatives from the housing
provider not available for interviews. Of the
four types of PSSs intended to be studied,
only a performance-based PSS was not
included in the study since a market-
implemented performance-based PSS could
not be identified. Based on the selection
criteria, seven cases have been selected.

Case A - Input-based Elevator: located
in New Hampshire, USA, Case A is the
modernization of two existing elevators
within a 78-apartment affordable (social)
housing building.

Case B — Availability-based Kitchen: located
in The Netherlands, Case B is the installation
of 16 kitchens within the transformation of

a historic (monument) office building to 16
market-rate apartments.

Case C - Availability-based Window: located
in The Netherlands, Case Cis installation of
130 windows within the transformation of

an office building into 30 market-rate short-
term rental apartments.

Case D — Availability-based Battery:

located in The Netherlands, Case D is the
installation of a battery storage system within
a b0-apartment social (affordable) housing
building.

Case E — Usage-based Elevator: located in
The Netherlands, Case E is the installation

of 14 elevators in a large new construction
project comprised of 485 market-rate homes.

Case F — Usage-based Heat Pump: located in
The Netherlands, Case F is the modernization
of a heating plant within a 27-apartment
social (affordable) housing building. The
existing combined heat and power (CHP) gas
boilers were replaced by new electric heat
pumps.

Case G — Usage-based PV Panels: located in
The Netherlands, Case G is the installation
of solar panels on existing social (affordable)
housing buildings.

Cases

Criteria

1. A building component PSS
has been procured a within the
portfolio of a housing provider
within the last 3 years.

Required - -
2. Representatives from either

the housing provider or PSS
provider are available for
interview.

3. Representatives from both
the housing provider and

PSS provider are available for
interview.

HP
unavailable

4. 1f possible, select at least
1 case study of each PSS
taxonomy:

* Input-Based

« Availability-based

- Usage-based

s Performance-Based

Desired

Input-
based

Availability- Usage-
based based

Fig.1

Match between case studies and selection criteria, own figure.
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Demand + Supply Cases

In cases A-E, semi-structured interviews
were conducted with housing provider
representatives who procured PSSs

within their buildings (demand-oriented),
and PSS provider representatives who
deliver the specific PSS (supply-oriented).
Representatives were asked almost identical
questions pertaining to why the housing
provider used the PSS, how they analyzed
using it, what challenges were faced when
using it,and what principles of circularity are
exhibited in the PSS. Cases also consider the
proportion of service to product related costs
during the duration of the contract.

Supply-Only Cases

In cases F and G, when HPs were unavailable
for interview, PSSPs were interviewed using
the same set of questions from the demand +
supply study.

Analysis approach

Each case was studied individually before
being compared across its type of case
(Demand + supply vs supply-only), and lastly
across all cases. The individual analysis of
each case consists of the following parts:

1) case context, 2) propositions offered by
the PSS provider, 3) drivers for the housing
provider to use the PSS, 4) other advantages
of using the PSS, b) analysis of the PSS,

6) challenges faced, 7) circular principles
exhibited, and 8) summary. The cross analyses
aim to find characteristic patterns of each
type of PSS (input-, availability-, usage).
Based on these analyses, the theoretical
framework will then be adjusted to reflect
the findings. The use of multiple case
studies minimizes errors and allows for more
convincing results (Bryman, 2016).

Data Collection and Analysis

Cases are studied using a repetitive semi-
structured interview protocol which enable
better comparisons and conclusions to be
drawn. Interview protocols are based on the
findings from the theoretical framework and
can be seen in Appendices A and B. Interviews
were conducted during February and March
of 2021 and analyzed in April. Each interview
was 1-hour in duration, conducted over Zoom,
and recorded for transcription. Data collected
from the twelve case study interviews was
transcribed using Otter.ai and analyzed using

ATLAS ti software. Using ATLAS i, interviewee
responses were coded and labeled in
connection to the concepts identified

during the literature review and theoretical
framework development (Bryman, 2016).
Some codes pertain to those identified in the
theoretical research, while others emerged
based on new findings. An example of how
interview data was coded is seen below.

“Well, for me, the main thing is that it
allows me to keep my business lean, so |
don’t want to expand the business in the
sense of employing more people. So this
is a very good way to outsource a big part
of the technical responsibility while also
being able to outsource the management
over these assets and the financial
investment on these assets. And that
was the last point was especially
important for this project, because
transforming buildings is already very
complex with many moving parts during
the decision making process. And that’s
even worse in the case of old buildings,
especially monuments where you have a
lot of restrictions. So the PSS alternative
to the kitchens came as a good way of
releasing some pressure on the budget.”

Outsource Risk and
Responsibilities

Accomplish (More) Scope
without Capital

Each interview is analyzed individually, and
then compared with other interviews to find
recurring themes and reasoning for using the
PSS. The codes used can be seen in figure
5.01 (Discussion and Recommendations).

Expert Interviews

The expert studies were used to corroborate
the findings from the demand + supply

and supply-only case studies. Semi-
structured interviews were used to gather
information regarding the potential drivers
and advantages for real estate organizations
who use PSSs. The expert interviews reveal
the trends which have fueled the use of PSSs
over the last decade, the barriers facing
PSSs, the current market share of PSSs, and
potential future for PSSs. The interviews help
to understand the pervasiveness of CBMs
and PSSs within the larger context of the real
estate, design and construction, and the built
environment in general. These interviews
used the same data collection and analysis
approach as the case studies.
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Demand + Supply-Only
Supply Cases Cases

—Purchased— Leased

avallabilty-based |
A B C D

Elevator Kitchen Window Battery

F G
Heat Pump PV Panels

Expert Interviews

Expert 1 Expert 2 Expert 3 Expert 4 Expert &
(ABN AMRO) (TNO) (Turntoo) (Een Veilig Gevoel) (Volantis)

Rob Mark Sabine Rick Jeroen
van Willigen: van Ommen: Oberhuber: Ruisch : Reumkens:
Commercial Business Co-founder of Founder & Circular Innovation
Advisor Product- Developer of Turntoo, circular Shareholder of Consultant.
as-a-Service Circular Economy economy expert & Security-as-a-
(Paa$). Buildings & innovator, speaker, Service Firm.

Infrastructure. and author.

Financial Simulation

Building IRR based on After Tax Net Equity Cashflows
== Benchmark (0% PSS) TCU/TCO= 1.0 (0% Savings) = TCU/TCO= 0.75 (25% Savings)

20.00% = TCU/TCO= 0.50 (50% Savings)

15.70%
.98%
13.89% 14.38% 14.98%
15.00% 13.46% 225
13110% 13.10%
12.73%
12.28%
11.74%
o 10.00% 11:06%
24 10.18%
5.00%
0.00%
0% 10% 20% 30% 40% 50%

Percent PSS

Fig.ll
Empirical research components, own figure.
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Financial Simulation

Based on finding from the case studies and
expert interviews, a financial simulation was
conducted to gain insights into the financial
implications of leasing building components.
The operational research utilizes a series

of discounted cash flow models to simulate
the impacts of leased PSSs on a building’s
tax liability, Internal Rate of Return (IRR), and
Net Present Value (NPV). The indices and
assumptions used in the model, as well as
the model sheets themselves, can be found in
Appendix G.

3. Findings

The main findings from the theoretical
research, empirical research, and financial
simulation are found below. Findings are
presented in relation to relevant theory.

Q1) What is a Product-Service-System
(PSS)?

A PSS, based on theory, is any combination
of products and services that together
deliver the user a desired solution (Mont,
2004). The ambition of delivering solutions
over mere products and services is best
illustrated by the quote “people do not need
cars and washing machines, but mobility
and clean clothes” (Meijkamp, 1998). PSSs
in practice can take shape in various forms;
the product can be sold in combination with
supplemental services, or the product can
be rented or leased to a user who utilizes it
without becoming the owner (Tukker, 2004;
van Ostaeyen et al., 2013).

Leased PSSs, or those in which products are
not sold to customers but instead remain
under the ownership of manufacturers or
service providers, are considered to have the
highest potential for circularity. When PSS
providers (PSSPs) consider their products
assets instead of goods, they are incentivized
to minimize operational costs associated
with parts and labor while simultaneously
maximizing the lifespan of their products (van
Ostaeyen et al., 2013). Additionally, PSSPs
are incentivized to exploit the residual value
of their assets, which often leads to the
remanufacturing of used products so they

12

may be used again. When configured properly,
PSSs can thus decouple economic growth
from continued resource consumption and
assist the transition from a linear economy to
one thatis circular in nature (Ellen MacArthur
Foundation, 2013; Lacy et al., 2014).

To think that all PSSs are inherently

circular and environmentally beneficial

is unfortunately not true (Bluher et al.,

2020; Tukker & Tischner, 2006). If a PSS is

not designed for disassembly, nor does it
make use of circular inputs, it inherently
relies on the continued extraction of raw
material that must be extracted, transported,
and manufactured - all of which has
environmental consequences. A truly circular
PSS relies on the cooperation of various
supply-chain actors during production, use,
and reverse logistics (Bohm et al., 2017;
Windahl & Lakemond, 2006; Xing et al., 2013).

Q2) How can PSSs be applied in rental
housing?

A housing provider (HP) can procure a PSS in
one of four ways (input-, availability-, usage-,
or performance-based), as either a purchased
or leased PSS (van Ostaeyen et al., 2013).

The PSS type is based on how the majority of
payment value is delivered to the PSSP during
the contract duration, meaning ownership
does not necessarily determine the type of
PSS (van Ostaeyen et al., 2013). First, HPs
may use an input-based PSS contract to
purchase a product with a supplemental
service contract (ex: purchasing a heat pump
with an annual inspection and maintenance
contract). In input-based PSSs, the majority
of payment is associated with the purchasing
of the product. Second, they may use an
availability-based PSS, typically in the form
of a lease, to pay for the PSS to be available

in their building (ex: leasing a kitchen and
paying for it to be available, independent of
how much it is used). Third, they may use a
usage-based PSS, typically in the form of a
lease, to pay per use of the PSS (ex: leasing an
elevator and paying based on the total annual
vertical distance traveled). And fourth, they
may use a performance-based PSS, typically
in the form of a lease, to pay for the PSS only
when performance criteria are met (ex: lease
an integrated solution of heating, cooling,
ventilation, and building envelope, and paying
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based on the amount of time a comfortable
indoor environment is provided). Availability-,
usage-, and performance-based PSSs

can also be owned by the HP although the
majority of payment value must derive from
service-rated costs. Each type of contract
offers different payment structures and
incentives for the PSS providers (PSSPs) to
deliver quality service to the housing provider.
In the order of input-, availability-, usage-,
and performance-based, PSSs will increase in
circularity (van Ostaeyen et al., 2013), increase
in risk for the PSS provider (van Ostaeyen et
al., 2013), increase in contract complexity
(Reim et al., 2015), and decrease in contract
standardization (Reim et al., 2015).

In theory, any product and complementary
service can constitute a PSS, however

there is an underlying logic regarding which
products are most fitting for a PSS value
proposition. Building components which
require intensive maintenance or frequent
replacement (Kim et al., 2016), and those that
require recurring inspections or continuous
monitoring (perhaps due to life-safety risks)
(Raposo et al., 2013) are fitting for a PSS
business model. Also, building components
that are often replaced before they exceed
their technical lifespan are fitting as a PSS
(TU Delft, 2020). This is well illustrated by

the fact that kitchens are often replaced

far before the end of their useful life, simply
because their outdated aesthetics reduce a
building’s ability to generate revenue. Findings
from the empirical research also identified
more criteria that may make some products
more fitting than others as a PSS. Building
components which are technologically
innovative and require advanced expertise

to achieve their promised operational
efficiencies may lend themselves to a PSS
value proposition. This is because housing
providers (HPs) often outsource the expertise
when it is not considered part of their core
business (ex: operating a battery). Lastly, when
CO2 taxes are established by governments,
building components with exceptionally high
COZ2 footprints, and thus tax liabilities, may be
good candidates for circular PSSs.
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HPs should be aware of the legal concept of
“accession”, which states that components
installed in a building become the property
of the building owner when they cannot be
removed without significantly damaging the
rest of the building, or when the building
would be considered incomplete without
them. Due to accession, a building’s structure
cannot be procured as a leased PSS, as it
cannot be removed without damaging the
building. Other large building components,
such as a facades, HVAC and kitchens, can be
offered as leased PSSs when designed in a
modular, demountable manner. In such cases,
PSS providers (PSSPs) may opt for a pair of
contracts to be used to circumnavigate the
legal concept of accession so they may retain
legal ownership of the PSS. First, the building
owner (HP) will rent suspension points to the
PSSP and secondly, the PSSP will deliver a
contract for the HP to use their PSS (Coalition
Circular Accounting, 2020).

HPs considering the sale or purchase

of buildings with preexisting long-term

PSS contracts should also be aware

of the legal concept of “chain liability”
(ketenaansprakelijkheid) which enables
businesses, such as property specific entities,
to transfer or take over PSS contracts. Based
on interviews with experts and PSSPs,
buildings can easily be purchased and sold
without disturbing such contracts.

Experts noted that PSSs currently comprise
only a small portion of the overall products
and services sold on the market. While their
market share is limited, the number of PSSs
has grown over the last few years due to
companies which aim to be circular by nature,
or more commonly, due to companies which
strengthen their profit margins by integrating
products with services. Once CO2 emission
tax regulations are established, experts
believe the pervasiveness of PSSs, especially
those which embrace circular principles, will
substantially increase.
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Q3) What are the drivers for housing
providers to use PSSs?

Based on empirical research, HPs use PSS
for several reasons, as seen in figure lll.
Firstly, HPs use purchased and leased PSSs
to achieve long-term cost savings, which is
congruent with theory. Cost savings can be
achieved by PSSs with higher than usual
operational efficiencies (Case studies D,

F, G; battery, heat pump, PV panels), or by
those with longer than usual lifespans
(Cases B, E; kitchen, elevator) (Bluher et

al., 2020). Also consistent with theory, HPs
use PSSs to outsource risk and unburden
themselves of the maintenance and
operational responsibilities associated with
specific building component (van Ostaeyen
et al., 2013). By doing so, HPs can maintain
focus on their core business and avoid

hiring additional expertise in-house. HPs
also use leased PSSs to accomplish project
scope without capital. Since many leased
PSSs require minimal- or zero-upfront
investments, HPs can accomplish more scope
than they can afford to purchase, which

is especially helpful considering evolving
building energy performance requirements.
Additionally, one HP (Case C) is using a
circular PSS to prepare their organization for
the inevitability of CO2 taxes. When CO2 taxes
penalize transportation and raw material
extraction, the HP can theoretically reduce
their CO2 tax liability by using a locally based
circular PSS. Other secondary advantages of
using a PSS include establishing predictable
costs and enhancing portfolio circularity.

Q4) What analysis do housing providers
conduct before using a PSS?

HPs primarily conduct financial and risk
analyses when considering the use of a
PSS. Among leased PSSs, housing providers
compare the Total Cost of Ownership (TCO)
with the Total Cost of Use (TCU) for the
specific building component during its
lifespan, congruent with theory (Coalition
Circular Accounting, 2020). Additionally,

HPs consider the risk and responsibilities

of ownership, and sometimes decide to use
a leased PSS to diminish their risk profile,
even when itis more financially beneficial to
own the building component. When possible,
HPs review the historic service performance

14

of PSSPs. Lastly, and to a lesser extent, HPs
consider the PSS’s impact on resident service
costs, impact on future building flexibility,
and end-of-use- scenarios.

Q5) What challenges do housing
providers face when using a PSS?

HP’s often do not trust the PSSP’s ability

to deliver the promised value proposition
pertaining to a leased PSS, as they find the
combination of no initial investment and
instant cost savings “too good to be true”
HP’s also faced challenges regarding the
complexity of contracts when leasing building
components for upwards of 40 years, which
is consistent with theory (Reim et al., 2015).
In several cases, HPs faced challenges
regarding the unclear demarcation of what
products and services are included in the
PSS. HPs also faced challenges when serving
as the contracting party for leased PSSs, as it
results in negotiations to reduce the general
contractor’s scope and profit. One HP faced
challenges regarding the inflexibility of a PSS
to accommodate unique site conditions due
to its very high degree of circularity. Lastly,
the misalignment of incentives and lack of
penalties for the PSSP in the Input-based
PSS, due to the HP owning the product but
the PSSP maintaining it, led to incomplete
service coverage, unpredictable costs,

and dissatisfactory service from the HPs
perspective. Consistent with theory, input-
based PSSs are those where the PSSP takes
the least amount of risk, meaning the HP still
has partial risk (van Ostaeyen et al., 2013).

Q6) What circular principles do market
implemented PSSs exhibit?

Based on theory, the circular principles
exhibited in each case should have increased
in the order of input-, availability-, usage-,
and performance-based PSSs (van Ostaeyen
etal., 2013). However, this was not found to
be true in practice, as the most circular cases
were found to be availability- and usage-
based PSSs, and the least circular cases
were found to be input- and usage-based
PSS. The cases studied displayed a wide
range of circular principles, making clear that
the circularity of each PSS must be studied
individually. For a PSS to be circular, 1) the
product must slow material loops by being
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designed to maximize its lifespan and 2) the
product must close material loops by being
designed for disassembly. Additionally, 3) the
business model must slow material loops by
exploiting the product’s residual value after
its initial use, and 4) the business model must
close material loops by making use of circular
material inputs in its products (Bocken et

al., 2016). All four circular principles were
exhibited in the cases. Based on the seven
cases, circular principles increase in the
following order from least exhibited to most
exhibited: 1) business model closing loops,

2) product closing loops, 3) business model
slowing loops, and 4) product slowing loops.
The findings are consistent with theory

which states that PSSs are not automatically
synonymous with sustainability and
circularity (Bluher et al., 2020; Tukker &
Tischner, 2006).

Q7) How does the use of PSSs impact a
building’s asset value?

The impact of using PSSs on a building’s
value remains largely unknown. Theoretical
research implies that PSSs will positively
impact a building’s value, as they foster
effective preventative maintenance and
gradual replacement of faulty parts

during their lifespan (Gielingh et al., 2008).
The expert study supported this theory,
however the experts noted that it is still

too early in the development of PSSs in
buildings to understand their actual impact.
Variables such as the specific product

and the quality of the service make it very
difficult to anticipate the financial impacts
of PSSs. One expert noted that there will

be tax implications when leasing building
components, thus leased PSSs were studied
through a simulated financial model.

The model simulates a specific market-
rate (non-social) rental housing building
development in the Netherlands and is by
no means representative of all housing
developments. The simulation found that,
due to the tax disadvantages of leasing,
leased PSSs must achieve a TCU savings

of 39% or more, when compared with TCO,
to be financially advantageous for a HP.

Put another way, based on the financial
simulation, the first 39% of cost savings
associated with a leased PSS are negated by
the tax disadvantage of leasing. Additionally,
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the more a building is comprised of leased
PSSs, the larger the impact on the building’s
asset value either positively or negatively.
The simplified simulation does not consider
other advantages of using a leased PSS,
such as reducing risk or accomplishing other
construction scope without capital, which
are difficult to quantify. Nonetheless, the
simulation implies that real estate owners
will opt to remain the owner of majority of
their buildings to achieve advantageous
investment returns and may only lease
building components with the highest
associated risk, or when leasing is the only
way to make projects viable. Such findings
support the reasoning of the HP in Case B
who used a 5-year lease-to-own financing
structure to initially accomplish construction
scope without capital, yet after 5 years of
payments, have the kitchens on their balance
sheet to capitalize on tax depreciation. The
tax implications should be reevaluated when
CO2 taxes are established by the national
government and a circular low carbon PSS

is used. In such a scenario, it is likely that a
circular PSS will positively impact a building’s
value.

4.Conclusion

Main Question:
“How can Product-Service-Systems
(PSSs) offer value to housing providers?”

As the Netherlands national government
aims for a circular economy by 2050,

housing providers (HPs) simultaneously seek
alternative procurement and maintenance
methods to enhance the performance of
their organizations, buildings, and portfolios.
PSSs serve as a solution with the potential of
increasing circularity in the built environment
while offering value to HPs who procure them.

PSSs primarily offer HPs financial, risk
management, and sustainability/circularity
value. HPs can capture value by reducing
their long-term costs and by outsourcing

the risk, maintenance and operational
responsibilities associated with specific
building components. When leasing PSSs,
housing providers can also outsource the
financing of building components, enabling
them to accomplish construction scope when



Product-Service-Systems in Rental Housing

capital is unavailable. The use of PSSs also
can establish predictable costs and enhance
portfolio circularity.

However, the value offered by a PSS is largely
depended on the type of PSS used. Based

on the research, the value a PSS offers a HP
increases in order of input-, availability-,
usage-, and performance-based PSSs. This is
particularly outstanding since the potential
for circularity increases in the same order
(van Ostaeyen et al., 2013), meaning the
demand-oriented perspective for PSSs in
rental housing supplements the realization
of a circular economy. However, the volume

of building components procurable by each
contract type likely decreases in the same
order, and not all building components are
applicable to each contract type. Additionally,
the value offered to HPs was found to
increase as the proportion of service-related
costs increase, assuming there are also
penalties for the PSSP when dissatisfactory
service is provided.

Although leased PSSs have higher

circular potential than owned PSSs, Dutch
commercial real estate tax incentivizes

HPs to retain ownership of their building
components while outsourcing the
maintenance, operation, and risk. Thus,

real estate owners will not procure entire
buildings as leased PSSs since it is not
financially feasible. Leased PSSs will

likely remain a minority of how building
components are procured, however they will
become more commonplace as construction
budgets are stressed by the energy transition,
as technology advances, and as CO2 taxes
are implemented. Leased PSSs contribute to
achieving circularity in the built environment,
with clear value from both supply + demand
perspectives. To achieve circularity in the built
environment, leased PSSs are part of the
solution, however, building owners, in addition
to PSS providers, must be incentivized to
return materials to either technological

or biological cycles. When CO2 taxes are
established and reach their maturity, the
leasing of circular PSSs with reduced tax
liabilities may enhance the value of leasing
PSSs. The value offered by each contract type
is elaborated below.
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While input-based PSSs have the tax
advantages of ownership, they offer the least
value to HPs. HPs using input-based PSSs
still bear partial risk since they are the owner
of the PSS and are liable for costs and risks
not captured within the service agreement.
Additionally, in input-based PSSs, PSSPs
capture majority of their financial payments
(50+%) at the moment of contracting and
installation, meaning their financial incentive
to deliver prolonged high-quality service is
greatly diminished. If service penalties are
not established, HPs may find it challenging
to receive timely service when their products
are not operational. Based on the research,
input-based PSSs come with the shortest
service contract durations of the four types,
which reduce the risk undertaken by the
PSSP and transfer it to the HP. When PSSPs
can renegotiate terms every few years, HPs
are not able to establish long-term cost
predictability. Input-based PSSs have the
lowest potential for cost-savings, as the PSSP
does not exploit the product’s residual value,
meaning savings cannot be captured nor
shared with the HP. Input-based contracts
have the highest likelihood of existing on

the market, as they bear the least risk for
PSS providers. Input-based PSSs can be
established by adding service contracts or
simple warranties to products traditionally
purchased by HPs.

Availability-based PSSs offer the

second highest value to HPs. When

leased, availability-based PSSs face tax
disadvantages, however, they allow HPs

to accomplish construction scope without
investment capital. HPs can utilize leased
availability-based PSSs to bring over-budget
construction projects back into budget, or

to expand the scope of on-budget projects,
both of which are especially helpful as HPs
grapple with the energy transition. When
leased, availability-based PSSs establish
predicable costs over their contract duration,
which, based on the cases, can be upwards
of 40 years. Since HPs pay for the product to
simply be available, there may not be strong
incentives for the PSSP to deliver exceptional
service, unless service penalties for down-
time are established in the contract. When
PSSPs remain the owner of their products,
they are incentivized to exploit residual
value, thus they can offer larger long-term
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PSSs in Rental Housing

Building Building components that require:

component 1) intensive maintenance or frequent replacement, and/or
2) inspection or monitoring, and/or
3) replacement before exceeding technical lifespan, and/or
4) advanced expertise to operate at promised efficiencies, and/or
5) large CO2 tax payments (when CO2 taxes are established)

prerequisites
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Framework illustrating PSSs in rental housing, own figure.
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cost savings to HPs. When using leased PSS,
HPs should be aware of initial challenges
such as scope and profit negotiations with
General Contractors, and contracts with
increased complexity. HPs can alternatively
choose to purchase or leasing-to-own an
availability-based PSS to take advantage of
tax deductions, however the PSSP will likely
establish a right to reclaim or “take-back” the
PSS at the end of the contract, and perhaps
the PSSP’s incentives to deliver exceptional
service may be reduced since the PSS is no
longer their asset. Availability-based PSSs
have the second highest likelihood of existing
on the market, as all building components,
except structure and foundation, can in
theory be offered as a leased product with
majority of costs associated with service
payments.

Usage-based PSSs offer the third highest
value to HPs. Although they also face tax
disadvantages when leased, usage-based
PSSs establish strong incentives for the PSSP
to deliver exceptional service. If the product
is not able to be used, the PSSP cannot
capture payment from the HP. Thus, the
PSSP is incentivized to minimize downtime
and always keep the product operational
through the duration of the contract, which,
based on the cases, can be upwards of 30
years. Of the cases studied, the difference

in PSSP incentives is most evident between
the input-based elevator PSS with no
performance penalties (Case A), and the
usage-based elevator PSS with performance
penalties (Case E). In Case A, where the HP
owns the elevator, the HP faced challenges
regarding incomplete service coverage,
unpredictable costs, and dissatisfactory
service. However, in Case E, where the HP
leases the functionality of the elevator,

the HP can be confident about receiving
satisfactory high-quality service since the
PSSP will only be paid when the elevator is
operational and will be financially penalized
when the elevator is, on an annual basis,

out of service more instances or more total
time than the contract’s agreed maximums.
Usage-based PSSs, like availability-based
PSSs, incentivize PSSPs to minimize
operational costs and exploit residual value,
thus increasing the likelihood of cost savings
for the HP. Leased usage-based PSSs also
enable HPs to accomplish construction scope

when capital is unavailable and to establish
predictable long-term costs. When leased,
usage-based PSSs also face the potential
initial challenges of profit negotiations

with GCs and complex contracts. Usage-
based PSSs can also be owned by an HP,
offering them tax advantages. In such an
arrangement, the HP pays the PSSP fees
based on measured usage which are thus
used as a reserve for service. When the HP is
the owner of the product, they create a trade-
off between increasing their risk profile and
decreasing their tax liability. HPs of owned
usage-based PSSs should be informed of
which party (HP or PSSP) pays for service
costs when they exceed the allotted reserve.
Usage-based PSSs have the third highest
likelihood of existing on the market, as they
are only applied to building components with
predictable and measurable intermittent
usage.

Performance-based PSSs offer the highest
value to HPs as they only pay when the
expected result or function is delivered.
However, performance-based PSSs may

not be readily found in the market as they

are the riskiest for PSSPs. To be offered,
performance-based PSSPs need to integrate
all aspects of performance into a single
solution, which may only be possible through
multiple iterations and the incorporation

of new technologies. Performance-based
PSSs also have the highest potential for
circularity, as they put the PSSP in full control
of delivering the desired outcome (van
Ostaeyen et al., 2013), thus they have the
highest potential for exploiting residual value
and creating cost-savings for the HP. Case D,
the availability-based window PSS, serves

as a rudimentary version of what the PSSP
aims to eventually offer as a performance-
based integrated-facade PSS, complete with
heating, cooling, and ventilation. The currently
offered window PSS serves as an exploration
in the contract, maintenance, and eventual
takeback of a long-term leased product. Until
performance-based PSSs are offered on the
market, usage-based PSSs likely offer HPs
the highest value.
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5. Contributions of the
Research

This research contributes to the arenas of
real estate management, rental housing
management, and Product-Service-Systems
(PSSs) by establishing a link between the
discrete concepts of PSSs and rental housing.
The main contribution of the research is a
consolidated demand-perspective on PSSs in
the built environment. The research identifies
the value PSSs offer HPs that use them, how
HPs consider the use of a PSS, as well as
what challenges they face when using PSSs.

The research builds upon the van Ostaeyen’s
(2013) “Refined Typology” of PSSs framework,
which is a refinement of Tukker’s (2004) “Eight
Types” of PSS, to establish the value of PSSs
from a real estate owner perspective. The
research establishes a framework of its own
which shows increasing value for real estate
owners in the order of input-, availability-,
usage-, and performance-based PSSs. The
research also establishes the correlation
between PSSs increasing in potential for
circularity and PSSs increasing in value for
real estate owners that use them.

In a practical sense, 6 building components
have been identified as market-implemented
PSSs that HPs can immediately consider
procuring. With such insights, HPs, and real
estate owners at large may consider the use
of PSSs within their organizations.
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6. Recommendations for
Future Research

Several topics were identified during the
study that warrant future research, namely 1)
the impact of PSSs on resident service costs,
2) the impact of leased PSSs on a general
contractor’s scope and profit, 3) insight into
what specific details make a PSS contract
especially complex, 4) quantitative life-cycle
analyses of the studied PSSs cases to more
definitively gauge their level of circularity, and
5) a more robust financial study of leasing vs
owning building components that takes into
account a variety of development financing
scenarios. Lastly, a repeat of this study in

the future (5 years+) with real estate owners
who have a prolonged experience using PSSs
would be valuable, as many of the studied
cases were only installed within the last 2
years, meaning their performance history is
rather limited.



1

0

Introduction

20



01.INTRODUCTION

1. Introduction

1.1 Global relevance

Climate change, ravenous consumption
and a growing global population

In 2007, at the United Nations Security
Council debate, climate change was
identified as the “number one threat to
mankind” (United Nations, 2007), and in
2009, eighteen of the world’s most respected
scientific associations reached consensus
that “the greenhouse gases emitted by
human activities are the primary driver” of
climate change (American Association For
The Advancement Of Science (AAAS), 2009).
Eleven years later, David Attenborough
released “Life on Our Planet” (2020) as a
grim reminder of the damage we, humans,
have caused across the globe. Should we
continue our global human activities as-is,
we may cause the sixth mass extinction and
render much of the planet uninhabitable
(Attenborough, 2020). While frightening, there
is still time to change how we as humans
inhabit the planet.

The overarching theme of many solutions
hinges on reducing our consumption of
natural resources. By doing so, we can
minimize our interference with the natural
world, and in turn, allow natural ecosystems
to thrive and sequester higher volumes

of carbon (Attenborough, 2020). This is
reinforced by research that states “the

dominant underlying cause of global warming

is the consumption of goods and services

whose draw on resources for their fabrication,

distribution (or provision), sale and use (and,
for goods, disposal) causes the emission of
GHGs” (Satterthwaite, 2009). The reduction of
humanity’s consumption of resources is not

only in response to mitigating climate change,

but also out of necessity. As of 2019, it was
estimated that “humanity uses nature 75%
faster than it renews” (Wackernagel et al.,
2019). By 2050, the United Nations estimates
that global resource consumption could
double, totaling 186 billion tons of material
usage per year (Ekins et al., 2017). At such
pace, humankind will eventually deplete the
biocapacity of nature.
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To make matters worse, the global population
is expected to increase 25% in the next 30
years, from 7.7 billion people today to 9.7
billion by 2050. By the turn of the century,

the global population is expected to grow to
10.9 billion, marking a 41% increase from
today (United Nations, 2019). With more
people requiring resources, it is imperative
that we fundamentally alter our consumption
habits to ensure future generations can live
prosperously.

Urbanization, housing shortages, and
the construction industry

Since 2007, the world’s population has
been more urban than rural (Wimberley

& Fulkerson, 2007), and by 2050, the

United Nations estimates that 68% of

the world’s population will live in cities
(United Nations, 2018), as “urban areas are
expected to absorb virtually all of the future
growth of the world’s population” (United
Nations, 2019). The growth of cities can be
linked to their association with increased
opportunity agglomeration economics, or
the idea that “concentrations of people

and economic activity generate knowledge,
social transformation, innovations and new
technologies” (Hoornweg et al., 2011).

With increased urbanization, the demand
for housing has outpaced supply. In 2020,

a United Nations expert on human rights
and housing proclaimed that “the world is
on an unsustainable path with increasing
levels of homelessness worldwide especially
in affluent countries, forced evictions
carried out with impunity, and the cost of
housing escalating at alarming rates making
housing unaffordable even for the middle
class” (United Nations, 2020). Much of this
unaffordability can be linked to extreme
levels of demand that drive housing prices
out of reach for many.

To address demand, governments and
construction industries are busy producing
homes. While this helps address housing
demand, current construction practices are
still detrimental to climate change. As of
2019, “building construction and operations
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accounted for the largest share of both global
final energy use (36%) and energy-related
CO2 emissions (39%)” (IEA and UNEP, 2019).
Based on global society’s seven most crucial
needs, “the need that represents the largest
resource and emissions footprint is for
construction and maintenance of residential
houses, especially in lower-income

nations” (Circle Economy, 2021). To address
both sustainability and housing demand
challenges, sweeping changes within the
construction industry must occur.

The need that
represents the largest
resource and emissions
footprint [globally]

is for construction

and maintenance of
residential houses,
especially in
lower-income nations.

79
(Circle Economy, 2021)

Transitioning from a linear economy to a
circular economy

The climate predicament is a product of

an outdated “linear economy”, one that
directly links economic growth with an
increase of resource consumption. Sadly,

the take-make-dispose way of operating
works in direct contradiction with our global
sustainability goals (Andrews, 2015). The
economic world as we know it is built on a
model of continuous expansion within a finite
reservoir of resources, and therefore must be
reconfigured.
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The “circular economy” has emerged as a
desirable alternative capable of aligning

both economic and sustainability goals. In
essence, the circular economy hinges upon
the idea of eliminating the concept of “waste”.
It is “an economic system that replaces

the ‘end-of-life’ concept with reducing,
alternatively reusing, recycling and recovering
materials in production/distribution and
consumption processes” (Kirchherr et al.,
2017). It is a system that prioritizes the
longevity of material usage; once a material
has been sustainably harvested, the goal is
to keep itin circulation for as long as possible
and to use it to its fullest capacity (Ellen
MacArthur Foundation, 2013). Put another
way, the goal of the circular economy is to
phase out and drastically reduce the need
for landfills, as materials will continually stay
in use. The circular economy, while still in its
infancy, offers opportunities to redefine how
our species interacts with the natural world.

New business models and Product-
Service-Systems (PSSs)

As the circular economy is identified as an
alternative economic system, it is no surprise
that new innovative business models have
been identified as critical enablers to its
achievement (Brennan et al., 2015; Ellen
MacArthur Foundation, 2013). Among those
mentioned, Product-Service-Systems (PSSs)
have been identified as a critical tool to align
the reduction of resources with continued
economic growth (Lacy et al., 2014).

Fundamentally, Product-Service-Systems
(PSS), also commonly referred to as
Product-as-a-Service (PaaS), is a reversal of
traditional ownership. Instead of purchasing
and owning a product outright, a consumer
instead pays to access the product and the
utility it delivers. Since the PSS provider
remains the owner of the product, they

are incentivized to reduce their costs by
maximizing the usage of their materials, and
by minimizing the energy it takes to offer
their market solution (Halme et al., 2004).
Constructed in the right way, PSSs have the
potential to create win-win-win scenarios
between the manufacturer, service provider,
and customer (Coalition Circular Accounting,
2020), all while simultaneously assisting in
the transition to a circular economy with
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minimized material consumption. It should
be noted, however, that the use of a PSS
business model does not equate enhanced
sustainability or circularity (Bluher et al.,
2020; Tukker & Tischner, 2006), especially if
the circular principles of slowing and closing
loops are not pursued (Bocken et al., 2016).

1.2 Problem statement

The Netherlands, like many countries globally,
faces the aforementioned climate change
and housing challenges. To help facilitate

the realization of aggressive climate goals,
the Dutch National Government intends to
develop a circular economy by 2050, at which
time, “raw materials will be used and reused
efficiently without any harmful emissions into
the environment” In the interim, by 2030, the
government aims to reduce the consumption
of raw materials by 50% (Government of the
Netherlands, 2016).

In terms of housing production, an estimated
882,000 homes will need to be built between
now and 2050 to accommodate an expected
growth in population of 1,240,000 people
(Ministerie van Binnenlandse Zaken en
Koninkrijksrelaties, 2019). In addition, as of
2019, the Netherlands already has a housing
shortage of 315,000 homes (ABF Research,
2020), pushing the demand for new homes
to roughly 1.2 million homes in total. Many
of these homes will be constructed in the
cities of the region known as the Randstad
(CBS, 2011) in the form of dense multifamily
housing. To address the massive demand,
large housing developments are undertaken
by social housing associations and market-
rate developers.

The required housing construction relies

on resource extraction which unfortunately
only exacerbates current climate issues.

If building components are purchased by
housing providers (HPs), or organizations
who develop and manage rental housing, it is
unlikely that the raw materials will be reused
in future products, as the materials will likely
be discarded at the end of their initial use
(van Ostaeyen et al., 2013). Thus, the value of
PSSs, especially those that are leased, will be
studied within the context of rental housing
as an alternative procurement model which
supports a circular economy.
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1.3 Research aims and objectives

This research builds on the existing body

of knowledge regarding PSSs. Firstly, this
research aims to understand the current
state of the art regarding PSSs. Secondly,
the research identifies how PSSs might be
applied within the system of rental housing.
Thirdly, the research aims to understand, via
case studies, why housing providers (HPs)
choose to use PSSs, rather than purchase
products outright and maintain them
themselves. While exploring what drives a
HP to use a PSS, the empirical research will
also illuminate what other advantages HPs
perceive of PSSs, how they evaluate using
them, and what challenges were faced. Based
on the individual cases studied, a preliminary
review of the circularity of the PSSs will also
be included. Lastly, the research includes a
financial simulation to better understand
housing leasing building components
impacts a building’s tax liability and Internal
Rate of Return (IRR).

1.4 Relevance
Scientific Relevance

PSSs have been well-studied in applications
such as car sharing (Catulli et al., 2021)

and jet engines (Kuhl et al., 2018), though
the application of PSSs to real estate
remains limited. The research that does
exist primarily establishes a supply-oriented
perspective which offers insights into the
design and delivery of building-related PSSs
(Azcarate-Aguerre et al., 2017; Coalition
Circular Accounting, 2020). However, if PSSs
are to be implemented at scale within the
built environment, they must demonstrate
clear value to decision makers who own

and manage real estate. Thus, this research
explores the value of PSSs from a demand-
oriented perspective, specifically that of a
housing provider (HP), or an organization
that owns and manages rental housing. The
aimis to understand how HPs can benefit
from the use of PSSs within their buildings
and portfolios. With such information readily
available, PSSs can potentially be used in
greater abundance within the housing sector,
thus serving as a demand-driven catalyst for
enhanced circularity in the built environment.
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Societal Relevance

As housing comprises the largest global
footprint concerning resource consumption
and emissions (Circle Economy, 2021), and
has a growing global demand, the research
aims to offer housing providers and real
estate owners at-large valuable information
regarding potential alternative procurement
methods that may enhance the circularity
and performance of their portfolios. The

use of PSSs has the potential to change

the way real estate portfolios are procured,
managed, and maintained. Additionally, the
research provides insights for manufacturers,
investors, and other service providers who
are considering the development of built
environment PSSs.

1.5 Research questions

As previously described, within the
Netherlands there is great demand to
construct new homes and achieve a circular
economy by 2050. PSS business models

are touted as a way to align suppliers and
consumers around the concept of resource
efficiency without sacrificing value or
performance. Thus, the main research
qguestion to be answered is:

“How can Product-Service-
Systems (PSSs) offer value to
housing providers?”
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In this research, the term “value” is defined
by the “relative worth, utility, or importance”
of something when compared with an
alternative (Merriam-Webster, 2021). The
value to be determined is that of PSS building
components when compared with building
components that are purchased, maintained
and operated by the organization that owns
them. In order to answer the main research
question, the following sub-questions must
also be answered:

1.What is a PSS?

This question clarifies what constitutes
a PSS. Itilluminates the history and
development of the concept, as well as
how PSSs have the potential to deliver
environmental benefits.

2.How can PSSs be applied in rental
housing?

This question draws a connection between
the discrete topics of PSSs and rental
housing development and management.

3.What are the drivers for housing
providers to use PSSs?

This question clarifies the primary drivers
for a housing provider (HP) to use a PSS.
It also aims to understand the other
advantages of using a PSS.

4. What analysis do housing providers
conduct before using PSSs?

This question clarifies how what
information HPs analyze before deciding
to use a PSS.

5. What challenges do housing providers
face when using PSSs?

This question clarifies what challenges
and issues arise when HPs use PSSs.

6. What circular principles do market
implemented PSSs exhibit?

This question clarifies how inherently
circular market-implemented PSSs
actually are.

7. How doesthe use of PSSsimpact a
building’s asset value?

This question was added retroactively,
based on the findings from the empirical
research. It clarifies the tax implications of
using PSSs.
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1.6 Conceptual model

Figure 1.01 illustrates the conceptual model
to guide the research. It includes the PSS
provider and housing provider as the primary
stakeholders within the system. For a PSS to
be incorporated in a rental housing building,
the PSS provider (PSSP) must deliver a
solution that satisfies the organizational
demands of the housing provider (HP).

Solutions
(Products & Services)

PSS Provider
supply
demand i Payments
Housing Provider
Organizational
Demands
Fig. 1.01

Conceptual Model, own figure.
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2. Methodology

2.1 Research design

To answer the main research question,

this research will utilize an exploratory
methodology to better understand the topic.
Fundamentally, it aims to understand the
merits of PSSs in the context of multifamily
rental housing. As seen in figure 1.02, the
research is structured in three main sections:
theoretical research, empirical research and
conclusions.

Theoretical research will be conducted via

a literature review of research databases,
academic journals, books, and reports.

The databases of Scopus, Google Scholar,
the TU Delft Library were searched using
the search term “Product Service System”.
Firstly, literature reviews on the subject
were explored to find the most relevant
papers which contribute to the current
understanding of PSS. Boolean operators
were used to find relevant literature reviews
using the searches (“product service system’
AND “state of the art”), and (“product service
system” AND “literature review”). Specific
papers from within the literature reviews
were studied to understand the theoretical
underpinnings of PSSs. Based on the
findings, the concept of PSSs is applied to
rental housing, and the potential value and
challenges of PSSs for housing providers
that use them is identified. Based on these
findings, a theoretical framework was
created to be tested and modified during the
empirical research.

3

Empirical research was conducted via three
parts: case studies, expert interviews, and a
financial simulation. The case studies explore
the real-life use of PSSs in rental housing
through semi-structured interviews with

both housing providers and PSS providers. By
gathering data from both demand and supply
perspectives, a more complete understanding
of the cases can be established. Experts
were interviewed to corroborate the findings
from the case studies, and to understand
PSSs within a larger context with a higher
degree of abstraction. A financial simulation
was used to understand how leasing PSSs
impacts a building’s financial performance.
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Mainly, the building’s tax liability and
Internal Rate of Return (IRR) were studied
in various scenarios. The exercise uses a
series of discounted-cash-flow financial
models to illustrate the tax implications of
leasing PSSs in market-rate rental housing
(non-social) based on current-day Dutch
corporate tax law. The findings from the
three empirical research parts are used to
refine the theoretical framework and derive
conclusions.

Lastly, conclusions are drawn that clarify
the main and sub research questions. The
conclusions define what PSSs are, how they
can be applied in rental housing, what drives
housing providers to use them, what analysis
housing providers conduct before using
them, what challenges housing providers
face when using them, how circular market-
implemented PSSs are, how the use of

PSSs impacts a building’s asset value, and
lastly, how PSSs can offer value to housing
providers.
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2.2 Research Output

The outcome of this research aims to paint

a clear picture of how PSSs are applied

and used within rental housing, and to
illuminate why housing providers are opting
for PSSs over traditional ownership. The main
deliverables, in chronological order, are the
following:

1. Theoretical framework explaining the
value of PSSs from the perspective of a
housing provider (literature review).

2. Realized drivers, advantages and
challenges of using PSSs (case
studies).

3. Understanding of how housing
providers consider the use of PSSs
(case studies).

4.Understanding of what circular
principles market-implemented PSSs
exhibit (case studies).

5. Simulation of tax implications of
leasing PSSs (financial model).

6. Updated theoretical framework
explaining how PSSs offer value to
housing providers.

Dissemination and audiences

This research will be disseminated to housing
associations and market developers, PSS
providers, financiers, and consultants
specializing in the circular economy.
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Fig. 1.02

Research design sequence; own figure.
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1.What is a Product-Service-System (PSS)?

1. What is a Product-Service-System (PSS)?

1.1 PSS origins and context

Inin the 1980’s and 90’s, several fields of
research, including business, environmental
sustainability, and economics were
converging on what is today understood as

a Product-Service-System (PSS). As seen

in figure 2.01, businesses at the time were
exploring ways to create and capture more
value; environmentalists were exploring ways
to decouple economic growth with resource
extraction, and economists were exploring
the fundamental reason people purchase
goods. The historic underpinnings of PSSs
are still highly relevant today, thus PSSs are
being researched in growing numbers each
year (Kowalkowski et al., 2017; Li et al., 2020)

The servitization of business

Businesses were looking for ways to expand
into new markets, grow profits, and secure

market shares, and increase competitiveness.

Companies historically focused on the sale
of products to their customers. However,
some successful companies began utilizing
“bundles” of products and services to better
serve their customer’s demands. This
phenomenon became known as “servitization
of businesses” (Vandermerwe & Rada, 1988).

Dematerialization

“Dematerialization” hinges on the idea

of using fewer raw materials and total
embodied energy to provide the same results
to a consumer. Over time, many companies
embraced the idea of dematerialization
because it was seen as a way to reduce
costs. Using less materials and generating
less waste result in reduced production
and disposal costs (Herman et al., 1990).
Examples of dematerialization are
automobiles and computers, which have
over time decreased in mass while offering
increased user functionality.
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Eco-efficient services

The concept of “eco-efficient services”
encompasses three previously disparate
elements: 1) how products could be
efficiently produced, 2) how efficiently
products could perform during their use, and
3) how the user’s consumption behavior could
enhance sustainability (Meijkamp, 1998).
The combination of these three elements
shows that consumption efficiencies can

be increased in both how the products are
created, how they use other resources,

and how they are consumed. Eco-efficient
services aim to produce the same “unit of
service” (what the customer demands), while
reducing the environmental harm to do so.
Eco-efficient services promote “sharing of
use” as a way to serve the most amount of
people with the least number of products.
This allows a single product to serve multiple
users, and thus reduces the amount of
material needed to deliver the “units of
service” that a consumer demand. Today, the
phenomenon of eco-efficient services is often
referred to as the “sharing economy”.

The functional economy

Researchers and economists were exploring
the reason consumers purchase products.
One train of thought was based on the
transactional value of the product, which is
simply what a consumer is willing to pay for
the product. This explanation did not answer
the question ‘why are they willing to pay
such an amount?’. A competing, and more
compelling view on the manner was that
people purchase products to gain access to
the product’s functionality and the results
that the product can deliver (Giarini & Stahel,
1990). This logic formed the underpinning

of what became known as the “functional
economy”, which opened space to rethink
the selling and purchasing of products. The
functional economy, which was directly
related and reinforced by the concept of eco-
efficient services, “might be illustrated by the
statement that people do not need cars and
washing machines, but mobility and clean
clothes.” (Meijkamp, 1998).
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The birth of Product-Service-Systems
(PSSs)

In 1999, the concepts of servitization,
dematerialization, eco-efficient services
and the functional economy were combined
into the singular term “Product-Service-
Systems” (PSSs) (Goedkoop, 1999).
Goedkoop’s (1999) report, commissioned

by the Dutch Ministries of Environment and
Economic Affairs, stated that enhanced
production practices alone cannot solve the
world’s sustainability challenges. Despite
technological advancements that increase
resource efficiency during a product’s
production and use, increases in population
and consumption outweigh such progress
and thus result in a net-negative impact

on the environment. Consumption behavior
is therefore a critical element of increased
sustainability, and all actors, including
producers and consumers, have a role to play.

Businesses

How do we create and
capture more value?

Environmentalists

How do we decouple economic growth with
resource extraction?

We have to find ways to
increase the perceived
value of all transactions
without increasing the
environmental load

of products involved.
The solution could be

to dematerialize the
economy. One strategy
for this seems a shift
from an economy based
on production and
consumption of physical
products to a services-
based economy.

(Goedkoop, 1999)

Economists

Why do people
purchase goods?

Servitization of
Business

(Vandermerwe &
Rada, 1988)

Products
VS
Services

1980s

Dematerialization

(Herman, Ardekani, &
Ausubel, 1990)

Economic Growth
VS
Resource
Extraction

Eco-Efficient
Services
(Meijkamp, 1998)

Efficiencies of

Production
VS

Performance
VS
Consumption

Functional
Economy

(Stahel, 1997)

Ownership
VS

Function

+ 1990s

1999

Product-Service-Systems

(Goedkoop, 1999)

Fig. 2.01

Theoretical Framework,

own figure.
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1.2 An evolving definition

Product-Service-Systems (PSSs)

have been studied in the five primary
disciplines of "business and operations
management, sustainability, marketing,
service management, and technology
and engineering” all of which use varied
definitions (Li et al., 2020).

Many researchers view PSSs as a tool

for the circular economy, as PSSs enable

the decoupling of economic growth from
environmentally harmful resource extraction
(Baines et al., 2007; Rabetino et al., 2018).
PSSs are also viewed as a means to
strengthen a business’s competitiveness by
utilizing services to capture more value than
products alone (Huikkola et al., 2016).

One way for a PSS to form is when a
product-oriented company undergoes the
“servitization of business” (Vandermerwe &
Rada, 1988),as seen in figure 2.02. Examples
of “servitization” include Xerox pay-per-print
copy machines, Philips pay-per-lux LED
lights, and Mitsubishi pay-per-use elevators
that sell the functionality of their products,
but not the products themselves.

In addition, PSSs can form when a
service-oriented company undergoes the
“productization of business” to capture
additional value (Leoni, 2015). Examples

of “productization” include Google and
Amazon, which now sell physical SMART-
home products in addition to their intangible
services.

All of the examples above can be considered
PSSs, as they offer an integrated solution
that combines products and services to

best meet the user’s demands. The following
definitions of PSSs have developed over time.

1.What is a Product-Service-System (PSS)?

a system of products,
services, networks of
actors and supporting
infrastructure that
continuously strives to
be competitive, satisfy
customer needs and have
a lower environmental
impact than traditional
business models

k)
(0. Mont, 2004)

a specific business
concept that focuses
primarily on customers’
demands and is meant
to provide them with

all the product benefits
(functionality, utility,
self-esteem offered by
brand) without necessary
ownership, while being
less harmful to the
environment

(Cleggetal.,2013)

Product-Service-System

“Productization” of business

Pure
Service

“Servitization” of business

Fig.2.02
Servitization and Productization; own figure, based on
Vandermerwe & Rada (1988), Tukker (2004), Leoni (2015).
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1.3 System perspective on PSSs

PSSs, as seen in figure 2.03, can be viewed
as a combination of components divided
among elements, feasibility, and institutional
framework (0. Mont, 2004).

PSS Elements
Product: something physical and tangible.

Service: an activity or work that a user is
willing to pay for. The work can be completed
by a human or by a machine. This includes all
activities required to deliver function to the
user (Tukker, 2004).

Infrastructure: something tangible or
intangible that serves as the “enabler” for
the products and services. For example,
infrastructure can take form as a physical
structure, as water or power connections, or
as internet connection.

Actor networks: the consumer/user and the
multiple stakeholders required to deliver

the solution. PSS offerings are typically

only made possible by several companies
working in partnership throughout a supply
chain (Windahl & Lakemond, 2006). PSSs can
be offered to a consumer in various ways,
such as a manufacturer that also offers
services, by a service provider that also offers
products, or by a third-party entity that
bundles products with services.

Institutional Framework

Elements

PSS Feasibility

Customer/User needs, demands, and
satisfaction: the fundamental reason that
the PSS exists. In the words of Meijkamp
(1998), “people do not need cars and

washing machines, but mobility and clean
clothes. This demonstrates that a PSS, by
combining products and services, can rethink
how solutions are delivered to customers.
The quote illustrates that a consumer is
interested in the utility a solution can provide,
not necessarily the products or services that
comprise the solution.

Reduced Environmental Impact: the key
reason PSSs are studied in correlation to
the concept of the circular economy. PSSs
are viewed as a tool to decouple resource
extraction from economic growth. Reduced
environment impact is achieved through

the remanufacturing of faulty parts and
machines into “like-new” products. When
manufacturers remain the owner of their
products and lease them to customers, they
are incentivized to maximize their product
lifespans with as little maintenance and
material input as possible. This means
avoiding the need to purchase new materials,
as well as avoiding the need to pay for
disposal fees. Thus, they are incentivized to
reduce costs, which simultaneously reduces
environmental impact.

Feasibility

Cognitive

SRS Product

Normative
Settings

Infrastructure

Regulatory
Settings

Customer/User
Needs, Demands,

Service and Satisfaction

Reduced
Environmental
Impact

Actor
Networks Business

Viability

Fig.2.03
PSS Framework; own figure, based on Mont (2004).
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Business viability: if the PSS is not viable,
it will not come to market. The business
viability implies that the customer and the
PSS provider are both able to capture value
from the PSS.

PSS Institutional Framework

Cognitive settings: how society,
organizations, and individuals are able to
gather and evaluate information about the
PSS in order to make decisions and solve
problems. From a consumer perspective,
this can be their ability to access, interpret,
evaluate the PSS in comparison to the
traditional ownership of a printer, and make
a logical decision to use the PSS. Additionally,
from a service provider perspective, this
can be their ability to access data to further
develop and improve their PSS.

Normative settings: how society,
organizations, consumers and manufacturers
behave and view the PSS. This can be thought
of as the trends, popularity, or disapproval of
a PSS.

Regulatory settings: these are the laws or

regulations that may shape how a PSS is
designed and used.

People do not need cars
and washing machines,
but mobility and clean
clothes.

(Meijkamp, 1998)
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1.What is a Product-Service-System (PSS)?

1.4 PSSs and new economic
incentives

To better understand the merits of PSSs, the
traditional relationships and incentives of a
linear economy must be compared with new
circular approaches.

Current environmentally detrimental
incentives within a linear economy

In the modern economy, due to current
incentives, producers are typically rewarded
by reducing costs via mass production, by
providing standard non-exceptional quality,
and by creating products with relatively short
lifespans (Mont, 2002). Producers make profit
when consumers rapidly purchase and thus
are disincentivized from making long-lasting
products. The longer the lifespan of their
product, the less of the product they can sell,
and therefore the less profit they can make.
At a macro level, this activity depletes natural
resources at staggering levels. Additionally,
unless the market demands it or regulation
enforces it, there is little incentive for
manufacturers to enhance the performance
efficiency of their products, since itis the
customer that pays for the operation of

the product once they purchase it. Once a
product has been purchased by a consumer,
with the exception of short-term limited
warranties, the producer is typically no longer
responsible for the product. After purchase it
is the consumer’s obligation to maintain the
product and responsibly dispose of it at its
end of life.

New circular incentives to avoid
resource extraction

In relation to the circular economy, the goals
of PSSs are 1) to create new incentives for
manufacturers to capture value without
extracting new resources, and 2) to offer
consumers the same or greater levels of
utility as they currently experience within the
linear economy. Two simplified alternatives
for manufacturers and consumers exist, both
of which can be considered PSSs as they
comprise a combination of products and
services.
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One option is to continue capturing value

by selling products to consumers and
offering additional maintenance and product
take-back at the product’s end of life. A
familiar example is Apple’s “AppleCare” and
“Buy-Back” programs. Using AppleCare,
which is essentially an extended warranty,
consumers pay for unexpected maintenance
during the coverage period. Using the Buy-
Back program, Apple pays its customers
(albeit a small amount) to return their old
smartphones, tablets, and laptops when
they are no longer functional. The benefit

of this kind of PSS is that the produceris
freed of the risks and capital requirements
of retaining ownership of their products (Van
Ostaeyen et al., 2013). In these scenarios,
however, there is no guarantee that the
products and their raw material are returned
to the manufacturers at their end of life, as
this decision remains in the hands of the
consumer.

A more promising option to reduce resource
extraction and environmental impact is one
in which the producer retains ownership

of their products and grants the customer
access to the product (Van Ostaeyen et al.,
2013).In such scenarios, the producer can
guarantee they will get back the material
since they never sell the product to their
consumers. Xerox’s “pay-per-print” office
solution serves as a familiar example of
such a value proposition. Xerox captures
value by selling the functionality of their
printer/copier, and the consumer captures
value by being granted access to a fully
operational printer/copier system without
the headache of maintaining it nor ordering
necessary supplies. In such an arrangement,
the manufacturer retains ownership of their
raw materials and is responsible for taking
the product back at the end of its life. As
their raw material is now an “asset”, they are
incentivized to recycle their material into
the next version of their products in order to
reduce costs and waste. Such a relationship
between manufacturer and consumer
illuminates how PSSs can create new
economic incentives that decouple resource
extraction from economic growth (Goedkoop,
1999; Mont, 2000, 2002).
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1.4 Circular principles within PSS

To think that a PSS is synonymous with
sustainability and circularity is unfortunately
not true (BlUher et al., 2020; Tukker &
Tischner, 2006). Thus, the PSSs must be
assessed based on four circular economy
principles to understand their inherent

level of circularity (Bocken et al., 2016). The
first principle is the product’s ability to slow
loops, which is associated with its ability to
receive preventative maintenance that can
extend its useful like as long as possible.
The second principle is the product’s ability
to close loops, which is associated with

its design for disassembly, and design for
both technological or bioclogical cycles,
which allow for the components and raw
material within the product to easily be used
in a future process. The third principle is

the business model’s ability to slow loops,
which is associated with the business
model’s exploitation of residual value which
helps ensure that the raw materials will be
used to their maximum in order to reduce
unnecessary costs. Lastly, the fourth principle
is the business model’s ability to close loops,
which is associated with the creation of new
processes that use residual outputs, or what
may now be considered as waste, as new
circular inputs for future products.

1.5 Summary

The concept of a PSS was born out of the
late 1980 and early 1990s, as an alternative
business model which combined the
agendas of businesses, environmentalists,
and economists. The concept relies on
delivering function and utility to a user via

a combination of physical products and
intangible services which can decouple
economic growth from environmentally
detrimental resource extraction (Goedkoop,
1999). PSSs can be studied through

a framework comprising of elements,
feasibility, and institutional framework (Mont,
2004). PSSs, through a reversal of ownership,
create new incentives for manufacturers to
reduce waste by keeping raw materials in
use for as long as possible (Van Ostaeyen et
al., 2013). However, to think that all PSSs are
inherently circular is unfortunately not true
(BlUher etal., 2020; Tukker & Tischner, 20006).
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2.How can PSSs be applied in rental housing?

2.How can PSSs be applied in rental housing?

The application of PSSs in rental housing
will be described based on Mont’s (2004)
framework and will take place from the
perspective of a “housing provider”, as “few
stakeholders within a project, besides the
client, have the ability to drive substantial
innovation within a project, and to decide

on alternative procurement measures”
(Azcarate-Aguerre et al., 2017). In this
research, real estate organizations that
develop and/or own social (affordable) rental
housing and/or market-rate rental housing
are all considered housing providers (HPs).
This definition is inclusive of short-term
developers with no owned portfolios and
long-term developers with owned portfolios.

Payment

=Z- 2.1 Business Viability

=mEEE and PSS Types

Housing providers should be aware that
companies offering PSSs are radically
redefining the way they work internally
and with their customers (Martinez et al.,
2010). From the perspective of a housing
provider, there are essentially four types
of PSSs (figure 2.04), each with different
payment structures and incentives for the
PSS provider. In this research, a PSS will
be defined as one of four types per van
Ostaeyen’s (2013) refined taxonomy, which
is an evolved version of Tukker’s (2004) eight
types of PSSs.

. >50 %Product >50% Service
allocation
Type 2. Availability- 4. Performance-
based based
Majority of Product-related .
payments value Service-related payments
(50+%) payments
At moment of . When performance
Payment purchase, & When bqumg When building criteriais met
o component is . .
Structure when service is : componentis used | by building
available
completed component
How function is Purchased Typically Leased (purchasing is possible)
accessed yP y P g1sp
Owner of Housing Provider PSS Provider (typically)
product g yp y
Maintainer and
operator of PSS Provider PSS Provider
product
Fig.2.04

Taxonomy of PSSs (4 Types); own figure, based on van Ostaeyen et al. (2013)
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Type 1: Input-Based
Housing Provider is owner, and product is
purchased.

In this type of PSS, the housing provider
purchases a product, and pays additional
service fees for any necessary services
needed to keep the product functioning.
These services can include “a maintenance
contract, a financing scheme or the supply
of consumables, but also a take-back
agreement”, as well as consultancy services
to make sure the consumer uses the product
to its highest potential and efficiency (Tukker,
2004). This reduces the work the housing
provider must do themselves pertaining to
the product they purchased (Baines et al.,
2007). In input-based PSSs, the majority of
payment value during the contract duration
is associated with purchasing the product.
An example of this PSS type is if the housing
provider purchases a central heating boiler,
as well as a service contract for annual
maintenance and inspection, and the
eventual take-back of the equipment at its
end of life.

Type 2: Availability-based
PSS provider is typically owner, and product is
typically leased.

In this type of PSS, the housing provider pays
for the availability of the PSS, independent
of how much they use it. This is typically
arranged through a leasing-contract. The
housing provider pays a fixed recurring

fee which includes access to the product
and any necessary repairs to keep the PSS
operational. The PSS provider remains the
owner and is responsible for all maintenance
of the product. In such an arrangement, the
consumer typically does not have to share
the PSS with other users (Tukker, 2004). In
this case, since the PSS provider retains
ownership of the product, they take on
additional risks and responsibilities such

as long-term financing (Reim et al., 2015).

In availability-based PSSs, the majority of
payment is associated with servicing the PSS.
An example of this PSS type is if the housing
provider leases a kitchen that is owned and
maintained by the PSS provider.
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Type 3:Usage-based
PSS provider is typically owner, and product is
typically leased.

In this type of PSS, the housing provider
pays for the usage of the PSS, typically
through a leasing contract. In usage-based
PSSs, the majority of payment is associated
with servicing the PSS. An example of this
PSS type is if the housing provider leases

an elevator and pays for it based on the
distance the elevator travels when carrying
passengers. The usage payment includes the
servicing of the elevator by the PSS provider.
By using the elevator more, the customer
builds up a reserve for repairs by the service
provider.

Type 4: Performance-Based
PSS provider is owner, and product is
leased.

In this type of PSS, the PSS provider sells an
agreed upon result to the housing provider,
typically through a leasing contract. The
housing provider pays a fee to the PSS
provider only when the desired result is
achieved. The PSS provider remains the
owner of the products and services and
decides how to best configure them to
achieve the expected results. “Typical
examples of this form of PSS are companies
who offer to deliver a specified ‘pleasant
climate’in offices rather than gas or cooling
equipment” (Tukker, 2004). In performance-
based PSSs, the majority of payment is
associated with servicing the PSS.Van
Ostaeyen (2013) divides performance-based
PSSs into three subgroups below better
define the functional result offered by the
PSS.

Solution-oriented performance based: the
housing provider pays for the performance
of the system itself, and not the effects

it has on its surrounding environment.
Ex:aradiator and the amount of heat it
radiates.

Effect-oriented performance based: the
housing provider pays for the performance
of the PSS’s effect on the surrounding
environment. Ex: a radiator and the
amount/percentage of time that the room
is heated to a comfortable temperature.
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Demand fulfillment-oriented performance
based: the housing provider for the time
that they are subjectively satisfied by the
PSS. Ex: a radiator and the amount of time
the users are satisfied with the level of
thermal comfort in the room.

As seen in figure 2.04, there is a fundamental
difference between type 1 (input based)

and types 2-4 (availability-, usage-, and
performance-based). In type 1, the product

is purchased, and in types 2-4, the product

is typically leased denoting a difference in
which party (HP vs PSSP) owns the product.

PSS contracts

The contracts used define how the usage
rights and liabilities are distributed between
the PSS provider and the housing provider
during the contract period. In such contracts
itis important to clarify the “boundary” of the
PSS, or what the PSS provider is responsible
for,and how and where connections will be
used to “mount” their PSS to the housing
provider’s building. The long-term nature of
a PSS contract necessitates that the party
carrying the most risk (either PSS provider or
housing provider) is compensated.

As seen in figure 2.05, the amount of risk
and responsibly the PSS provider takes on
increases in the following order: product-
oriented, availability based, usage based, and
finally performance based, as does contract
complexity. With increased risk comes
increased risk premiums that the housing
provider must pay to the PSS provider (Meier
etal., 2010). In such contracts where the PSS
provider is taking high risk, they may have
clauses that mitigate against the housing
provider or resident’s poor behavior that

can damage the PSS, and thus may reduce
the coverage of the product’s warranty if

the agreed use-behavior is not met (Roy et
al., 2009). The standardization of contracts
will also decrease in the same order.
Standardized contracts can likely be used in
input-based PSSs, however in performance-
based contracts the contract will need to be
highly-customized to the housing provider’s
specific needs (Reim et al., 2015). Sometimes
the contracts will be splitinto several
agreements to reduce complexity (Roy et al.,
2009).
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2.How can PSSs be applied in rental housing?

In an input-based business model, the
contract must define “the level of service
delivery and outputs clearly. With a
maintenance contract, this would mean
agreeing on tasks to be included and the
time frame for completing the task. Itis also
particularly important during the contract
period to agree on payment details and how
extra costs (e.g., for repair parts) will be
added if unexpected events occur” (Reim et
al., 2015)

In usage-based and availability-based PSSs,
the contract will need to include terms
regarding shared or exclusive access for

the housing provider, pricing, responsibility
for downtown and how the product is to be
operated (Roy et al., 2009).

In performance-based contracts, HP’s should
be prepared for contracts that overly describe
the various scenarios that could result in
failure of the PSS (Gruneberg et al., 2007).

Since PSS systems often have monitoring
equipment that measures usage or signals
for maintenance, contracts often emphasize
such requirements and are much more
complex than simply selling a building
product to a consumer. The contracts will
likely include terms for how data will be
shared and stored (Schuh et al., 2011).

More information on contracts can be found
in the upcoming section 2.8 Regulation.

Purchased Leased o
9
S
] &
2% &°
\QQ \)0 <
\. 'bo Vo

Increased Risk for PSSP

Increased Contract Complexity

Decreased Contract Standardization

Fig.2.05
PSS contracts; own figure.



Product-Service-Systems in Rental Housing

Z= 2.2 Product
Hl=

As PSSs contain a physical product, and
rental housing buildings are themselves
comprised of physical products, relating the
two concepts via the “product”is a logical
point of departure. However, to consider all
the products within a building can be both
overwhelming and unproductive. Thus, within
the research topic of circular buildings,

two frameworks are often used to reduce
complexity while promoting circular concepts

such as modularity, incremental replacement,

and design for disassembly.

Circular building frameworks and their
limitations

Brand’s (1994) 6-layer approach (figure 2.06)
divides a building into site, skin, structure,
services, space plan and stuff. Each layer

has its own lifespan and performs different
functions for the users of the building.
Conceptualizing a building in such a manner
suggests the layers should be kept modular
and independent of one another, so a building
and its independent layers can be maintained
or replaced over time without the necessity to
demolish the entire building (Stewart Brand,
1994).

To supplement Brand’s (1994) framework, the

LIFESPAN
STUFF
SPACE PLAN
[0 servicEs [

BN sTRucTURE  ——

I
H N siTE |
I I I I I I I I
Fig. 2.06 0 5 10 20 40 80 160 320
6 building layers; adapted from YEARS
Brand (1994) and Fischer (2019)
ELEMENT PRODUCT MATERIAL
boiler pipes & tank metal

Fig.2.07
Elements, Products, Materials (EPMs); adapted from
Achterberg et al. (2016) and Fischer (2019)
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conceptual hierarchy of elements, products
and materials (EPMs) (figure 2.07) is used to
categorize smaller physical products within
the six layers. An example of such is a water
heater (element), it’s pipes and tank (product),
and the metal that comprise it (material)
(Achterberg et al., 2016).

While the above two aforementioned
frameworks promote the circular principles of
ease of maintenance, upgrading, and re-use
(Sundin & Bras, 2005), they can minimize the
capabilities of a PSS. For example, a well-
integrated PSS may compose multiple layers
of a building into one system. Van Ostaeyen
(2013) illustrates that a building’s thermal
comfort would best be delivered to the user if
the building’s skin and systems (heat, cooling,
and ventilation) were combined in a single
PSS offering.

Product and service integration

When conceptualizing the product within

a PSS, itis key to view the product and the
attached services as one integrated solution.
Therefore, the services should not be viewed
as anisolated or superfluous add-on to the
product (Windahl & Lakemond, 2006). To
achieve a high-level of integration, neither
the product nor service should be able

to deliver the intended results on its own
(Xing et al., 2013) and the design of the PSS
should developed both the product and the
services simultaneously (Coreynen et al.,
2017). Therefore, the service demands of a
rental housing building must be identified, as
focusing on the product aspect of a PSS alone
does not result in a highly integrated PSS.
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2.How can PSSs be applied in rental housing?

HpZgm 2.3 Service
=EN=

Extending a building’s lifespan

Buildings are comprised of a complex series
of physical components, each with their
own lifespan, maintenance requirements
and eventual replacement timelines. The
fundamental goal of maintenance or service
is to extend a building’s lifespan, which can
be divided into three subsets: technical,
functional/aesthetic, and economic. The
technical lifespan refers to how long the
building and its dwellings can exist physically
while meeting performance and safety
requirements. The functional/aesthetic
lifespan refers to how long the building

will fulfill the functional needs of its users/
residents and appeal to their aesthetic
preferences. The economic lifespan refers
to how long the building is economically
viable or generating more revenues than
expenses (A. F. Thomsen & Straub, 2018).

In combination, it is the shortest of the
three lifespans that drives the need for
large renovations or even the demolition

of buildings. Often, a building’s obsolesce

is driven by its functional lifespan, or its
inability to deliver the desired function to its
users (A. Thomsen & der Flier, 2007).

Prerequisites for building component
PSSs

Servitization, and therefore a PSS, is a more
cost-efficient strategy when the goods
involved require a high level of service (Kim
etal., 2016). Therefore, it is helpful to think
about housing-related PSSs in regard to
which building components require intensive
maintenance or frequent replacement (figure
2.08).

Building components that are required

by regulation to undergo inspection or
monitoring to ensure safe operation for

the building’s occupants, such as a HVAC
systems, elevators/lifts and fire protection
systems, may be good candidates for a PSS
(Raposo et al., 2013).

Lastly, products that are typically disposed of
before the end of their lifespans may be good
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candidates for PSSs, as they contain a high
residual value. This is well illustrated via the
“circular kitchen”, a concept being developed
and brought to market by TU Delft and Bribus
Kitchens. The circular kitchen was developed
because kitchens on average are entirely
disposed every 20 years due to their outdated
aesthetics, even though the majority of

the kitchen still technically performs well

(TU Delft, 2020). Through modularity, the
circular kitchen is designed to replace
surface aesthetics every 20 years, functional
components every 40 years, and the frame
every 80 years. Thus, by using PSSs with mid-
term (15-20 year) update cycles, such as the
circular kitchen, HP’s can keep their buildings
aligned with evolving functional and aesthetic
trends, thus mitigating against building
obsolescence.

PSS building component
prerequisites:

Those which require:

1. intensive maintenance or
frequent replacement, and/or

2.inspection or monitoring, and/or

3. replacement before exceeding
technical lifespan

Fig.2.08

PSS building component prerequisites; own figure
based on Raposo et al. (2013), Kim et al. (2016), (A.
F. Thomsen & Straub (2018), TU Delft (2020).
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What needs servicing?

Service can be thought of as any labor or
material input needed after the building’s
original construction. Service can be divided
into planned and unplanned maintenance/
replacement, as well as the continual
provision of energy, and water. According to
Preventative Maintenance for Multifamily
Housing (2009), the exterior building
elements which require the highest levels

of service and maintenance include roofs,
envelop/exterior walls, masonry, windows
and doors. Interior elements with the highest
service requirements include life safety
(yearly fees to maintain fire alarm, elevator,
HVAC, and fire protection systems), upgrades
for accessibility, upgrades for building
performance (HVAC, lighting, security,
intercom, kitchen and bathroom, flooring),
laundry rooms, water heaters, washing
machines, trash rooms, and tenant change
over (apartment cleaning and painting in
between residents) (Preventive Maintenance
for Multi-Family Housing, 2009).

While these items are helpful to identify, they
do not allow for the creation of a hierarchy
service requirements. To create such a
hierarchy, a HP would need quantitative data
to sort the service requirements by criteria
such as annual costs or personnel hours
spent servicing different elements of the
building.

Quantitative service data

After extensive searching, quantitative
data on maintenance and servicingin
rental housing could not be found. As such,
the rental housing building components
which require the most service could not be
identified.

A housing provider could gain access to
quantitative service data by either gathering
historic data from their portfolio/asset
management department, or by forecasting
future service demands by the use of a
property management consultant (A. F.
Thomsen & Straub, 2018). In either case, from
the perspective of a HP, quantitative data is
required to identify potential opportunities
for a PSS, and to eventually compare the cost
of a PSS with traditional ownership.
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g 2.3 Infrastructure
= =
— | [

The infrastructure for a PSS in rental housing
can be comprised of anything that enables
the PSS to exist. First, the land beneath a
building, which is typically either purchased
outright or offered as a land lease from

the landowner to the land user, serves as
infrastructure to a PSS by providing a place
for a building to reside. Second, the structure
of a building, which legally cannot be owned
by a party other than the building owner
(more information to be provided in the
“regulation” section to come) also serves as
the infrastructure of a PSS.

Beyond the land, structure, and physical
space required, PSSs may rely on other
connections to function correctly. For
example, in an elevator PSS, the building’s
core and foundation, and electrical,
telecommunication, and fire suppression
systems must be in place to “host” the
elevator. In the example of a kitchen PSS,

a dedicated space with water, sewage, and
electrical connections must be furnished

to “host” the appliances, faucets, and sink.
When using leased PSSs, the boundary of
the PSS’s product, which is provided by the
PSS provider (PSSP), must be clearly defined
in relationship to its required infrastructure,
which is provided by the housing provider
(HP). Only with a clear demarcation

between product and infrastructure can the
installation be properly coordinated (figure

2.09).
Demarcation

1 Product §
j provided by B

ESSE

Infrastructure
provided by HP

Fig.2.09

Demarcation

between product and
infrastructure; own figure.

2.How can PSSs be applied in rental housing?

g 2.4 Actor networks
= =
— | [

The housing provider (HP), PSS provider
(PSSP) constitute the primary actors

within the studied system (figure 2.10).In a
simplified form, the PSSP delivers a solution
to the housing provider. When applicable, an
architect, general contractor and resident
may be considered secondary actors.

Housing providers and value co-creation

In order to achieve successful outcomes, the
PSS provider and housing provider must align
their internal processes and work together
to achieve “value co-creation” This requires
activities such as increased dialogue,
mutual access to information, risk sharing
and increased transparency. If the housing
provider is unable or unwilling to co-create
value with the PSS provider, the PSS provider
runs the risk of not being able to sufficiently
deliver a satisfactory solution (Ng et al.,
2010).

HPs may need to involve a wide range

of personnel within their organization

to effectively co-create value and find
compelling solutions. Personnel specialized
in operations, maintenance, personnel

and supply chain management, asset
management, financial and risk controlling,
forecasting and planning, as well as policy
guidelines and compliance may be relevant
in the context of procuring PSSs within rental
housing (Batista et al., 2017).

PSS Providers and their supply chain

When working with a PSS provider (PSSP),
housing providers should be aware that
PSSPs require an increased variety of
competencies to deliver a PSS solution to
market. At face-value, a PSS provider may
appear to be one company, however they may
actually be a partnership between separate
product and service organizations (Windahl &
Lakemond, 2006; Xing et al., 2013).

A PSS can be brought to market via a
partnership between two companies, such as
a manufacturer of heating equipment and a
company specializing in HVAC maintenance,
or via a consolidation of previously separate
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companies that are now merged to fulfill the
two kinds of business (product vs service)
(Bohm et al., 2017). Also, a third-party dealer
or leasing company may be the “face” of

the PSS offering, and simply purchases

the products from a manufacturer and
provides the service aspect either in-house
or by outsourcing to a service company. PSS
providers may also have a contract with
another company for reverse logistics, or
the take-back, refurbishment or recycling

of their products (Tukker, 2004). In any case,
the housing provider should inquire the
integral organization and supply chain of the
PSS provider to best understand their core
competencies.

Residents

In the context of rental housing, the resident
is typically not involved in the contracting
for specific building components, as the
housing provider serves as the decision
maker regarding the building. Also, in many
business-to-business (B2B) PSSs, such as
PSS provider to housing provider, the end-
user, or resident, may not be aware that a PSS
business model is even being used. However,
if the housing provider grants permission to
the residents, it is possible that a resident
can directly contract with a PSS provider.
Such a relationship will be explored in the
empirical cases studies.

Procurement during construction/
renovation via contractor (and architect)

During the construction or renovation of a
building, a housing provider will typically
contract with hire an architect and general
contractor, or a single entity that handles
both design and construction (Chao-Duivis et
al.,2013).In any case, the HP is contractually
one-step removed from the suppliers

and subcontractors who provide building
products.

With this in mind, HPs may need to
proactively engage with the PSS provider
(PSSP) and bring them into early discussions
about the building’s design and operations.
As mentioned before, the use of PSSs likely
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requires a higher degree of interaction

and value co-creation than a HP may be
accustomed to having with their general
contractor’s suppliers and subcontractors.
This will require the PSSP to coordinate their
work within a larger context of HP, General
Contractor and Architect to establish the
demarcation of the PSS and surrounding
infrastructure.

When a leased PSS (types 2, 3, 4) is procured
during construction or renovation, the HP
will contract directly with the PSS provider,
meaning the general contractor is no longer
the contracting party for the product. This
implies that the contractor will not be able
to capture profit on the PSS product, but will
still likely have to coordinate site logistics
and other activities regarding the installation.
When leased PSSs are procured during
construction/renovation, HPs will likely

need to communicate with their contractor
and PSSP to find an appropriate solution
(Lingegard, 2010).

Procurement during operation via
facilities management

If a PSS is procured during the operations

of a building, the HP and their facilities
management department, either in-house or
outsourced, will be in direct contact with the
PSSP without a contractor as an intermediary.
This may serve as a better starting point

for the sharing of information between the
HP and PSSP If a PSS is utilized during the
replacement of a previously owned product,
the HP and facility manager can likely put a
greater amount of energy (personnel hours)
in co-creating a new solution, as the scopes
complexity is reduced.

Primary Secondary

PS.S Architect Resident
Provider

Housing
Provider |

General

Contractor

Fig.2.10
Actor Network, own figure.
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=n= 2.6 Housing provider
mBlll= demands

Within the context of rental housing there
are two stakeholders who's demands must
be met by the PSS: the housing provider
(HP) that owns and operates the rental
housing, and the resident which uses the
homes. The demands of each stakeholder
share little overlap, as the housing provider
primarily captures value through the PSS by
minimizing expenditures, and the resident
captures value by maximizing functionality
(Bertonietal., 2017).

While for-profit and non-profit housing
providers have fundamentally different
organizational goals (profit vs social mission),
both must remain financially viable if they are
to exist over the long-term. At a portfolio level,
this typical means controlling and minimizing
costs and risks, and increasing resident
satisfaction and market appeal. When
considering the portfolio management KPI's
(den Heijer, 2011) in rental housing, PSSs may
have to ability to impact the following (figure
211):

Strategic

Enhance Market Appeal:

PSSs may serve to increase the market
appeal of a building or portfolio since
PSSs support the concept of the “Living
Buildings”, which are buildings that

are ever-evolving, instead of static

and complete (Gielingh et al., 2008).
Additionally, since PSSs may not require
initial investments, HPs may be able to
install more expensive products than
they could afford to purchase. By using
products that residents are willing to pay
premiums for, HPs can also enhance their
building’s market appeal.

Outsource Risk and Responsibilities:
Housing providers can reduce their
operational risks and responsibilities since
itis the PSS provider who is responsible
for the functionality and maintenance

of the product (van Ostaeyen, 2013).
Therefore, housing providers may utilize
PSSs in the most high-risk elements of
their portfolios.

2.How can PSSs be applied in rental housing?

Functional

Enhance Resident Satisfaction:

Similar to market appeal, the continual
refurbishment and replacement of
products within a building enables as
sense of “newness” from the perspective
of a resident (Gielingh et al., 2008).
Additionally, usage and performance-
based PSSs incentivize a PSS provider
to minimize the downtime of their PSSs,
which in turn will reduce the potential for
resident complaints.

Financial

Achieve Long-term Cost Savings:
Housing providers are motivated to
reduce their costs for maintenance

and replacement, utility consumption,
and personnel (HR). Additionally, a

PSS provider (PSSP), especially when
using a usage- or performance-based
contract, is incentivized to optimize the
operation and maintenance of their PSS to
maximize uptimes. Enhanced operational
efficiencies combined with the residual
value of the PSS have the potential to
establish cost savings across the system,
which the PSSP can in turn partially offer
back to the HP (Bluher et al., 2020).

Accomplish (more) Scope without
Capital: Leased PSSs (types 2, 3, 4),

which typically require minimal initial
investments of capital (CAPEX) (Azcarate-
Aguerre et al., 2017), can enable a HP to
use their limited capital elsewhere in their
building or portfolio. HPs may choose

to allocate investment capital where
financial returns or mission-enhancement
are greater, such as investing in the
development of more homes, or enhancing
the sustainability of the existing homes.
HPs may use leased PSSs out of necessity
simply to realign construction budgets,

or to replace unexpectedly failed systems
when capital reserves have not been
allocated.

HPs may also make use of leased PSSs
to address the “spit-incentive”, which is
a critical barrier to upgrading energy-
intensive buildings (Elinder et al., 2017).
The issue occurs when residents pay for
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monthly utility (ex: heating) costs, but it is
the HP that must investment in the system
(ex: heating equipment). When such is the
case, the landlord has no financial incentive
to invest in sustainability upgrades for their
properties, as it is the residents who will
financial benefit from the reduced utility
bills.

Stabilize Asset Value:

Similar to market appeal and resident
satisfaction, the continual upgrading of
building products keeps a building up to
date, and therefore mitigates against asset
depreciation (Gielingh et al., 2008).

Establish Predictable Costs:

By outsourcing the risk and maintenance
responsibilities associated with a building
component, HPs can establish long-term
predictable costs during the contract
duration (Pereira et al., 2019).

Physical

Enhance Circularity:

Housing providers who are under pressure
to increase sustainability may consider
using PSSs as they create new incentives
for manufacturers themselves to utilize
resources more efficiently.

Housing
Provider

Organizational demands
potentially served by use of PSS

I = e

Enhance Enhance Achieve Enhance
Market Resident Long Term Circularit
Appeal Satisfaction | | Cost Savings y

I I
Outsource Risk Accomplish
Scope
+ .
Responsibilities without
P Capital
I
Stabilize
Asset Value
I
Establish
Predictable
Costs

Fig. 2.11
Housing provider organizational demands
potentially served by use of PSS, own figure based
on Gielingh et al. (2008), den Heijer (2011), van
Ostaeyen (2013), Azcarate-Aguerre et al. (2017),
Pereira et al. (2019), Bluher et al. (2020).

Analyzing the use of a PSS

Based on the housing provider demands that
may be benefited by the use of a PSS, HPs may
analyze the use of a PSS in the following ways.

Financial comparison of Total Cost of
Ownership (TCO) vs Total Cost of Use (TCU):
When a leased PSS is used (types 2, 3, 4) with
minimal initial investment, the investment
costs (CAPEX) are moved to operating costs
(OPEX). While this can appear as a drastic
increase in OPEX costs that should not be
pursued, a more robust comparison must

be undertaken to understand the difference
between traditional procurement (purchasing
and maintain the product in-house) and using
a PSS. To do so, HPs should compare the total
cost of ownership (TCO) with the total cost

of use (TCU) (Coalition Circular Accounting,
2020). After discounting the TCO and TCU back
to net-present values, whichever total is lower
is the financially beneficial option for the HP.
To establish the TCO, the HP must collect

the following information by either reviewing
historic portfolio data (ex-post), or by hiring

a consulting company to forecast the cost of
ownership (A.F.Thomsen & Straub, 2018):
the initial investment cost (CAPEX), annual
operational/ management costs (OPEX),
annual maintenance costs (OPEX), and
externalities such as insurance premiums
(OPEX).

To establish the TCU, the HP must collect
the following contract terms from the PSS
provider: the initial investment cost (if any),
installation costs (if any), annual operational
costs (OPEX), duration of contract (in years),
cost indexation, and take-back costs (if any).

When comparing TCO vs TCU, housing
providers may also need to take into account
equity vs debt financing, inflation rates,
interest rates, depreciation, residual value,
and tax liability.

Risk comparison of ownership vs leasing:

To supplement the financial comparison,
housing providers likely review the inherent
risks associated with traditional ownership in
comparison to using a PSS. Even if a financial
comparison reveals that a PSS is equal or
higher costs over the long-term, a HP may use
a PSS simply to reduce their risk profile.
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g 2.7 Resident demands
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Resident demands for a PSS are primarily
related to function, as they are the ones who
will use it on a daily basis. Van Ostaeyen
(2013) divided a PSS user’s demands into
three levels of abstraction that together form
a Functional Hierarchy Model (FHM). At the
top of the FHM is the user’s core demands
and overall objective, which describe why
the PSS exists in the first place. Next, the
functional level describes what functions
must be delivered to meet the demands.
The bottom of the FHM, the structural level,
describes the physical components that
combine to deliver the expected functions
within the functional level.

The following FHM depicts the structural,
functional, and demands level of a resident
of rental housing by building on the work

of van Ostaeyen (2013) and including
supplementary resident demands that may

2.How can PSSs be applied in rental housing?

be delivered by a PSS. The “Activities of Daily
Life” (Katz, 1983), while intended for the
health care industry, identifies the following
core demands that a home must provide for
aresident: eating, dressing, personal hygiene
and toileting, and sleeping. These demands
typically manifest themselves in kitchens,
wardrobes, bathrooms, and bedrooms,
respectively. Additionally, residents also
seeking accessibility and affordability in their
homes, suggesting more core demands must
be added to the FHM.

The FHM in figure 2.12 is not meant to

be exhaustive, nor to cover all functional
demands that as resident may have.

Instead, it can be used to illustrate and
conceptualize how physical products, either
inisolation, or in combination, work to serve
the demands of a resident. The purpose of
mapping the resident’s demands is to identify
opportunities for innovation. Innovation can
occur when inefficiencies can be found within
a system and replaced with more efficient

Resident

User Demands Functional
Hierarchy Model (FHM)

Comfortable Home
Environment
Functional Hierarchy Model
(van Ostaeyen et al., 2013)

Functional Home
Environment
Activities of Daily Living
(Katz, 1950)

Affordable Home
Environment

Accessible Home
Environment

Personal
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Fig. 2.12

Extrapolated Functional Hierarchy Model (FHM);
own image, based on van Ostaeyen (2013) & Katz (1983).
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ways to fulfill a demand.

For example, achieving thermal comfort is
influenced by 1) the building’s envelop, 2)

the building’s heating and cooling system,
and 3) the building’s ventilation system.

This illustrates that thermal comfort could
best be delivered to the resident by a PSS
that combines all three systems into one
(Van Ostaeyen et al., 2013). Additionally, the
interaction between the building’s envelop,
heating and cooling, and ventilation, suggests
that a PSSP would only offer a performance-
based solution if they were able to control

all the factors that influence a resident’s
thermal comfort. For instance, if they provide
a performance-based contract ensuring
that the resident will always be thermally
comfortable and have a PSS solution that
only integrates the building’s envelop and
heating and cooling system, the resident’s
thermal comfort can be disrupted by the heat
recovery efficiency of the ventilation system
(Van Ostaeyen et al., 2013).

g 2.8 Regulation
= =
— | [

Structure

Based on Dutch Property law and the legal
concept of “accession”, a building’s structure
must be considered as infrastructure owned
and provided by the building owner. Accession
defines the following concept: if multiple
objects add up to create a larger asset, and
the multiple objects cannot be removed

from one another without destroying the
asset, then the combination of individual
objects are legally viewed as one asset.
Since the structure of a building cannot be
removed without damaging or destroying the
building itself, it is not suitable for a PSS, and
should instead be considered infrastructure.
Additionally, since the structure is an
immovable good, it is viewed as part of

the site and not permitted to be owned by
another party besides the building owner
(Coalition Circular Accounting, 2020).
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Connections, rentals and service
contracts

The issue of “accession”is relevant to other
large building-related PSSs such as a facade/
skin.To circumvent such issues, the Dutch
Supreme Court recently approved a new
rental legal structure (ECLI: NL: HR: 2018:
424,2018) that overcomes the issue of
accession in leased PSSs. The facade was
designed in a modular, demountable way so
that it can be installed and removed without
damaging the larger building. In the context
of a facade and a Facade Service Company
(FSC), the leased facade PSS utilizes two
contracts as follows (figure 2.13) (Coalition
Circular Accounting, 2020):

1.“The FSC rents the suspension points
for the facade from the owner of the
building. To this end, the FSC enters
into a rental agreement with the owner
of the building or the property owners
association (POA), in which the owner
of the building or the property owners
association makes the suspension
points available to the FSC for use. This
rental agreement includes the right of
quiet enjoyment and the right to take
back the product for the FSC. A periodic
or a one-off fee may be agreed for this
rental right.”

2.“Subsequently, a separate contract -
the actual service contract - regulates
which services the service provider
provides to the owner of the building

or the property owners association

with regard to the facade, such as
installation, maintenance and technical
updates. A separate periodic fee is paid
for this.”

The example of the facade can prove useful
for the use of other PSSs that must be
mounted to the surrounding building, such
as kitchens or HVAC equipment. When
necessary, the same legal approach of 1) the
PSS provider renting the connection points
from the housing provider, and 2) the housing
provider paying for the use of the PSS, may
prove useful.
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Bankruptcies and Contract failures

The Dutch supreme court ruling (ECLI: NL: HR:
2018:424,2018) also clarified that if, during
the contract period, the housing provider
goes bankrupt or fails to make payments, the
PSS provider may break the service lease and
reclaim their PSS from the premise. On the
other hand, if the PSS provider fails to deliver
adequate service to the housing provider, the
financiers of the PSS can replace the PSS
provider with another provider who is able to
fulfill the contract obligations. This is referred
to as the “step-in-rights” of the PSS financier
(Coalition Circular Accounting, 2020).

Building Owner PSS Provider
provides provides
infrastructure: product:
Structure Facade
Contract 1: Contract 2:
Building Owner PSS Provider
rents provides facade-
suspension as-a-service and
points to PSS collects

Provider recurring

payments from
Building Owner

Fig.2.13
Circumventing the legal concept of accession

via two contracts; own figure based on Coalition
Circular Accounting (2020).
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2.How can PSSs be applied in rental housing?

HpZgm 2.9 Cognitive settings
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Cognitive settings include the housing
provider’s knowledge of, or ability to learn
about, PSSs and how they relate to their
portfolio. The review of historic service data/
costs or forecasted service data/costs will
largely enhance a HPs ability to recognize
opportunities for PSS implementation. In

the case of historic data, the HP’s use of

a robust portfolio management software

will enable them to review, categorize, and
sort large portfolio costs, enabling them

to draw conclusions for possible service
consolidation into a single PSS. PSSs will also
likely be marketed as a way to reduce the
responsibility, and “headache’”, of the housing
provider within their portfolio. The zero or
reduced initial costs for the PSS may also be
marketed as a low barrier of entry, however
housing providers must evaluate each PSS
offering on a case-by-case basis.

Cognitive settings also include the

PSS provider and their ability to clearly
communicate with the HP. This implies

that a PSS provider can concisely relay
information such as pricing models, PSS
demarcations, infrastructure requirements,
leasing durations, contract renewals and
terminations. For the housing provider to use
a PSS, the PSS provider should be able to
convey the long-term value they are offering,
especially in comparison to the traditional
purchasing of a product (Roy et al., 2009).
The PSS provider will likely have varied PSS
options with clear pricing that can be tailored
to the housing provider’s specific needs.

Lastly, the cognitive setting applies to

the financiers of PSSs who must offer
long-term lending to PSS providers. This

is an underdeveloped field and requires
financial institutions to develop new ways of
calculating the product’s value at its end of
life. To do so, financial institutions have begun
using “harvest value”, instead of “residual
value”, to conceptualize the eventual reuse
of raw material in future products, thus
treating a PSS provider raw material as an
asset itself. New ways of calculating risk are
required to establish standardized financing
mechanisms for PSSs (Coalition Circular
Accounting, 2020).
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P 2.10 Normative settings
=
Hl=

Normative settings can be viewed as the HP’s
familiarity with PSSs and attitude towards
using them. If the organization has historically
used PSSs, or is aware of competitor
organizations who use them, they may be
more willing to consider and embrace the
concept of ownerless consumption.

The same goes for manufacturers who are
transitioning to the offering of PSSs. If they
see competitors tapping into new sources

of revenue and successfully avoiding the
“service paradox” (Gebauer et al., 2005), or
the stagnation of profits despite servitization,
they may be more willing to evolve their
business models.

As mentioned above, the financial industry

is currently working to develop new ways to
evaluate and finance PSS providers. When
this becomes normalized, it will likely trigger
a larger embracement of PSSs across many
industries, including real estate and housing.
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=Z= 2.11 Reduced
mBllm environmental impact

To think that the use of a PSS is automatically
beneficial for the environment is unfortunately
not true (Bluher et al., 2020; Tukker & Tischner,
2006). In the context of rental housing, a PSS’s
circularity can be attributed to many factors
such as the resident’s behavior, the PSS
provider’s (re)remanufacturing capabilities,
and the contract form.

Resident behavior

Residents may abuse the products which
comprise their home far more than if they
owned the home themselves, resulting in
increased maintenance and or refurbishment,
and thus possibly reducing the environmental
benefits of a PSS. IT should be noted that

this is a common issue in rental housing,

with or without the use of a PSS. On the

other hand, the sharing or “pooling” of PSSs
between multiple residents, for example
shared laundry facilities, has beneficial
environmental impacts since the products
and materials are used to a higher intensity
(Tukker, 2004).

Remanufacturing

If the PSS provider does not remanufacture
their products at their end of their life,

then the PSS largely still relies on harmful
resource extraction. Remanufacturing, and
not recycling, is viewed as a key component of
reducing the environmental impact of PSSs.
“Remanufacturing is a process of bringing
used products to a “like-new” functional
state with warranty to match. Its significance
is that it can be both profitable and less
harmful to the environment in comparison

to conventional manufacturing.” (ljomah et
al., 2007). Remanufacturing also implies
that products, and the raw materials that
embody them, are returned to their original
manufacturers who have the expertise and
capabilities of returning them to a “like-new”
state.

The PSS provider may be motivated to
increase their sustainability and re-use of
raw material for legal or regularly reasons
(Maxwell et al., 2006), for increased
marketability to customers (Kriston et al.,



02. THEORETICAL FRAMEWORK

2010), or for cost-saving reasons, or for

all three. In any case, housing providers
concerned with the circularity of their
portfolios should prioritize PSS providers with
robust remanufacturing capabilities.

Contract types

The type of PSS, and hence the incentives for
the PSS provider, also impact the likelihood
that the PSS has beneficial environmental
impacts. PSSs can be viewed from least to
most sustainable in the following order: 1)
input-based, 2) availability-based, 3) usage-
based, and 4) performance-based (Van
Ostaeyen et al., 2013).

The most promising are performance-based
PSSs that enable the PSS provider full control
of how to deliver the result. When given full
control, the PSS can more readily minimize
waste within their solution (Tukker, 2004). In
performance-based / result-oriented PSS
types, the “incentives for the provider to
improve resource utilization are extremely
high, because the operational savings will
benefit the potential for the PSS provider

to generate revenue” (Reim et al., 2015).
Additionally, performance-based PSSs, by
their lack of a prescribed solution, offer
grounds for the highest levels of radial
innovation (Tukker, 2004).
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2.How can PSSs be applied in rental housing?

2.12 Summary

PSSs can be delivered to a HP in a variety of
value propositions, all of which use different
payment structure and create difference
incentives for the PSSP. In the order of input-,
availability-, usage-, and performance-based
PSSs, contracts increase in complexity,
increase in PSSP risk and responsibilities,
increase in circularity/sustainability, and
decrease in standardization. The four types
can be divided into “purchased” PSSs (input-
based), and “leased” PSSs (availability-,
usage-, and performance-based). Besides

a building’s structure, which by law must

be owned by the building’s owner, all other
building components can be offered as a
leased PSS. However, based on theory, the
applicability of a PSS business model to a
product increases based on the product’s
service requirements. Thus, building
components that require 1) intensive
maintenance or frequent replacement, and/
or 2) inspection or monitoring, and/or 3)
replacement before exceeding technical
lifespan may be most fitting for a PSS. PSSs
depend on supportive infrastructure provided
by housing providers in order to deliver the
promised utility, such as water and electricity
connections.

Housing providers will likely procure PSSs

to satisfy own organizational demands and/
or resident user demands. When procuring

a PSS during new construction or large
renovations, HPs will contract directly

with PSSPs, in turn removing the general
contractor (GC) as the contracting party. This
will reduce the GC’s scope and profit, which
may necessitate additional conversations
and negotiations. Lastly, when a leased PSS
is used, Dutch property law and the legal
concept of “accession” may require the use of
two contracts between the HP and PSSP In
the first contract, the HP will rent connection
points to the PSSP, and in the second
contract, the PSSP will allow the HP to use
the PSS.
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3.Conclusion

PSSs can be delivered to a housing provider
(HP) in a variety of value propositions, all

of which use different payment structure
and create difference incentives for the
PSSP The value offered by PSSs to HPs
increases in the order of input-, availability-,
usage-, and performance-based PSSs. In
this order, contracts increase in the risk and
responsibilities outsourced to the PSSP In
the same order, contracts also increase in the
potential for circularity. Increased potential
for circularity also creates an increased
potential for long-term cost savings. When
PSSPs exploit residual value, cost savings
can theoretically be shared with housing
providers. Leased PSSs can enable HPs to
accomplish scope without capital, which can
thus enable them to enhance the market
value of their buildings. Based on enhanced
maintenance and reduced downtimes, PSSs
may enhance resident satisfaction. When
they are maintained properly and replace
faulty components, PSSs may have the ability
to also stabilize asset value.

HPs may face growing challenges in the same
order as contracts increase in complexity
and decrease in standardization. When a
leased PSS is used, Dutch property law and
the legal concept of “accession” may require
the use of two contracts between the HP and
PSSP In the first contract, the HP will rent
connection points to the PSSP, and in the
second contract, the PSSP will allow the HP
to use the PSS. When procuring a leased PSS
during new construction or large renovations,
HPs will contract directly with PSSPs, in turn
removing the general contractor (GC) as the
contracting party. This will reduce the GC’s
scope and profit, which may necessitate
additional conversations and negotiations.
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Besides a building’s structure, which by

law must be owned by the building’s owner,
all other building components can be

offered as a leased PSS. However, based on
theory, the applicability of a PSS business
model to a product increases based on

the product’s service requirements. Thus,
building components that require 1) intensive
maintenance or frequent replacement,
and/or 2) inspection or monitoring, and/or

3 replacement before exceeding technical
lifespan may be most fitting for a PSS. PSSs
depend on supportive infrastructure provided
by housing providers in order to deliver the
promised utility, such as water and electricity
connections.
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PSSs in Rental Housing

3. Conclusion

Building
component

prerequisites

Building components that require:

1) intensive maintenance or frequent replacement, and/or
2) inspection or monitoring, and/or
3) replacement before exceeding technical lifespan

Payment :
ymer >50% Product >50% Service
allocation
I l
Purchased Typically Leased
| |
Type of PSS Input- Availability- Usage- Performance-
based based based based
Purchase : Pay when Pay when Pay when building
building building building component meets
component with | componentis component is performance criteria
service contract | available . used
add-on :
omplish Scope Wit
Stabilize Asset a\ue
ce Resident Sat'\sfact'\on
Outsource Risk & Responsibilities
Establish Predictable Costs
Value Achieve Long-term Cost Savings
Challenges

Contract Complexity

General Contractor Negotiations
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Fig. 2.14

Theoretical Framework, own figure.
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This chapter describes how the research
methodology is organized in 5 parts: 1)
empirical research parts, 2) case studies, 3)
expert interviews, 4) financial simulations,
and 5) data plan.

1. Empirical research parts

The purpose of the empirical research

is to clarify, further explain, and modify
the concepts described in the theoretical
framework, and to answer the question:

“How can Product-Service-Systems (PSSs)
offer value to housing providers?”

The research is divided in three main

parts (figure 3.01). First, case studies are
conducted to understand, from real examples
of PSSs being used in rental housing, why
housing providers are using them, how they
considered using them, what challenges they
faced, and how inherently circular the PSSs
are. The case studies also reveal contract
details and payment structures of each

PSS. Second, interviews are conducted with
experts on the topics of Product-Service-
Systems (PSSs) and circular business
models (CBMs) within the built environment.
These interviews are used to corroborate
the findings from the case studies. Lastly,

a financial simulation was conducted to
understand the financial implications of
leasing building components, and how a
buildings tax liability and Internal Rate of
Return (IRR) are impacted. The case studies,
expert interviews, and financial simulation
allow for triangulation which increases the
validity of the research (Bryman, 2016).

1 2 3
Case Expert Financial
Studies Interviews Simulation
Fig.3.01

Empirical research parts; own figure.

1. Empirical research parts

2.Case studies
Why Case Studies?

The use of multiple case studies enables a
deeper understanding of the value PSSs offer
the housing providers that use them. The use
of case studies allows for the investigation

of “a contemporary phenomenon within its
real-life context” (Yin, 2003). As such, this
research investigates the contemporary
phenomenon of Product-Service-Systems in
the real-life context of American and Dutch
rental housing.

Case Study Selection Criteria

Case studies were selected based on criteria
that allows for greater consistency in results.
The criteria, as shown in figure 3.02, helps
define the cases (Yin, 2003) and can be
divided into required and desired criteria.

As the research is exploratory in nature, the
required criteria remain limited to allow more
cases to be included.

Criteria

1. A building component PSS has
been procured a within the portfolio
of a housing provider within the last
Required | 3years.

2. Representatives from either the
housing provider or PSS provider
are available for interview.

3. Representatives from both the
housing provider and PSS provider
are available for interview.

4. 1f possible, select at least 1 case
study of each PSS taxonomy:

« Input-Based

« Availability-based

« Usage-based

e Performance-Based

Desired

Fig.3.02
Case study selection criteria; own figure.
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Cases

Criteria

1. A building component PSS has
been procured a within the portfolio
of a housing provider within the last 3

Required | years.

2.Representatives from either the
housing provider or PSS provider are
available for interview.

3. Representatives from both the
housing provider and PSS provider are
available for interview.

HP
unavailable

4. 1f possible, select at least 1 case
study of each PSS taxonomy:

+ Input-Based

+ Availability-based

« Usage-based

+ Performance-Based

Desired

Fig.3.03

Input-
based

Availability-
based

Usage-
based

Match between case studies and selection criteria, own figure.

Match between Criteria and Selected
Cases

Across the 7 cases, as seen in figure 3.03,

all required criteria were met. Only in two
cases were representatives from the housing
provider not available for interviews. Of the
four types of PSSs intended to be studied,
only a performance-based PSS was not
included in the study since a market-
implemented performance-based PSS could
not be identified.

Introduction to Cases

Based on the selection criteria, seven cases
have been selected.

Case A - Input-based Elevator:

located in New Hampshire, USA, Case A is
the modernization of two existing elevators
within a 78-apartment affordable (social)
housing building.

Case B - Availability-based Kitchen:
located in The Netherlands, Case B is
the installation of 16 kitchens within the
transformation of a historic (monument)
office building to 16 market-rate
apartments.
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Case C — Availability-based Window:
located in The Netherlands, Case Cis
installation of 130 windows within the
transformation of an office building
into 30 market-rate short-term rental
apartments.

Case D - Availability-based Battery:
located in The Netherlands, Case D is the
installation of a battery storage system
within a 50-apartment social (affordable)
housing building.

Case E - Usage-based Elevator:
located in The Netherlands, Case E is the
installation of 14 elevators in a large new
construction project comprised of 485
market-rate homes.

Case F - Usage-based Heat Pump PSS:
located in The Netherlands, Case Fis the
modernization of a heating plant within a
27-apartment social (affordable) housing
building. The existing combined heat and
power (CHP) gas boilers were replaced by
new electric heat pumps.

Case G — Usage-based PV Panel PSS:
located in The Netherlands, Case G is the
installation of solar panels on existing
social (affordable) housing buildings.
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Two types of case studies

Demand + Supply Cases

For cases A-E, an embedded multiple-case
methodology (Yin, 2003) was utilized, as seen
in the bottom right quadrant of figure 3.05.
The cases are comprised of two units each: a
representative from the housing provider, and
a representative from the PSS provider.

Supply-Only Cases

For cases Fand G, a holistic multiple-case
methodology (Yin, 2003) was utilized, as
seen in the top right quadrant of figure 3.05.
The cases are comprised of one unit each,

a representative of the PSS provider, as
representatives from the housing provider
were unavailable for interview.

Analysis approach

Each case was studied individually before
being compared across its type of case
(Demand + supply vs supply-only), and lastly
across all cases. The individual analysis of
each case consists of the following parts:

1) case context, 2) propositions offered by
the PSS provider, 3) drivers for the housing
provider to use the PSS, 4) other advantages
of using the PSS, b) analysis of the PSS,

6) challenges faced, 7) circular principles
exhibited, and 8) summary.

The cross analyses aim to find characteristic
patterns of each type of PSS (input-,
availability-, usage). Based on these analyses,
the theoretical framework will then be
adjusted to reflect the findings (figure 3.06).
The use of multiple case studies minimizes
errors and allows for more convincing results
(Bryman, 2016).

Data Collection and Analysis

Cases are studied using a repetitive semi-
structured interview protocol which enable
better comparisons and conclusions to be
drawn. Interview protocols are based on the
findings from the theoretical framework and
can be seenin Appendices A and B. Interviews
were conducted during February and March
of 2021 and analyzed in April. Each interview
was 1-hour in duration, conducted over Zoom,
and recorded for transcription.
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2.Case studies

Data collected from the twelve case study
interviews is transcribed using Otter.ai and
analyzed using ATLAS.ti software. Using
ATLAS i, interviewee responses were coded
and labeled in connection to the concepts
identified during the literature review and
theoretical framework development (Bryman,
2016). Some codes pertain to those identified
in the theoretical research, while others
emerged based on new findings. An example
of how interview data was coded is seen in
figure 3.04.

“Well, for me, the main thing is that it

g o allows me to keep my business lean, so
x § | don’t want to expand the business in
& & the sense of employing more people. So
G§ é’ this is a very good way to outsource a
§ % big part of the technical responsibility
*03 @ while also being able to outsource the

management over these assets and the
financial investment on these assets.
And that last point was especially
important for this project, because
transforming buildings is already very
complex with many moving parts during
the decision making process. And that’s
even worse in the case of old buildings,
especially monuments where you have a
lot of restrictions. So the PSS alternative
to the kitchens came as a good way of
releasing some pressure on the budget.”

Accomplish (More) Scope
without Capital

Fig.3.04
ATLAS.ti coding; own figure.

Each interview is analyzed individually, and
then compared with other interviews to find
recurring themes and reasoning for using the
PSS.The codes used can be seen in figure
5.01 (Discussion and Recommendations).

3. Expert Interviews
Research Approach

The expert studies were used to corroborate
the findings from the demand + supply

and supply-only case studies. Semi-
structured interviews were used to gather
information regarding the potential drivers
and advantages for real estate organizations
who use PSSs. The expert interviews reveal



Product-Service-Systems in Rental Housing

Single-Case Designs

Multiple-Case Designs

Context Context Context
Case Case
Case
Holistic | ¢ 0 e [ R
single-unit
of analysis Context Context
Case Case
Context Context Context
Case Case
Case : 5 : 5
Embedded | | JLf L2 Demand
multiple- + Suppl
units of Context Context PPy
A T e I I e I Cases
analysis Unit 1 Unit 2 Case Case
. 1 2 1 2
Fig.3.05
Types of design for case studies; own figure based on Yin (2003).
Conduct
Case Study A Individual
—{ Analysis -
1 2 Case A
| Select Cases
Develop Conduct '?:gf;:tical
Theoretical Case Study B Individual .
. Cross-case Propositions
Framework on —>| Analysis — . -
. Conclusions about PSSsin
PSSs in Rental 1 2 Case B
. Rental
Housing Housing
Design Data 2
| Collection —
Protocol Conduct
Case Study ... Individual
—{ Analysis —
1 2 Case...
Fig.3.06

Multiple-case procedure; own figure based on Yin (2003).

the trends which have fueled the use of PSSs
over the last decade, the barriers facing
PSSs, the current market share of PSSs, and
potential future for PSSs. The interviews help
to understand the pervasiveness of CBMs
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and PSSs within the larger context of the real
estate, design and construction, and the built
environment in general. These interviews
used the same data collection and analysis

approach as the case studies.
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Introduction to Experts

A wide range of experts were selected based
on their expertise regarding PSSs.

Expert 1 — Rob van Willigen

(ABN AMRO):

Rob van Willigen is the Commercial Advisor
Product-as-a-Service (PaaS). Rob has 32
years of commercial banking experience,
of which, the last 2 years have been
focused on PaaS.

Expert 2 — Mark van Ommen

(TNO):

Mark van Ommen works as the Business
Developer of Circular Economy Buildings
& Infrastructure. Mark has 35 years of
experience in construction and consulting,
of which, the last 1.5 years have been
focused on the circular economy.

Expert 3 — Sabine Oberhuber

(Turntoo):

Sabine Oberhuber is the co-founder of
Turntoo. Sabine is a circular economy
expert & innovator, speaker, and author.
Sabine was a co-developer of the Phillips
pay-per-lux model, and frequently
collaborates with RAU Architects and
Madaster Foundation. Sabine has 10 years
of circularity experience.

Expert 4 — Rick Ruisch

(Een Veilig Gevoel):

Rick Ruisch is the Founder & Shareholder
of Een Veilig Gevoel, a Security-as-
a-Service Firm. Rick has 10 years of
experience operating an as-a-service
company.

Expert 5 —Jeroen Reumkens
(Volantis):

Jeroen Reumkens is a Circular Innovation
Consultant with 2 years of experience in
circular economy consultancy.

4. Financial Simulation

Based on finding from the case studies and
expert interviews, a financial simulation was
conducted to gain insights into the financial
implications of leasing building components.
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3. Expert Interviews

The operational research utilizes a series

of discounted cash flow models to simulate
the impacts of leased PSSs on a building’s
tax liability, Internal Rate of Return (IRR), and
Net Present Value (NPV). The indices and
assumptions used in the model, as well as
the model sheets themselves, can be found in
Appendix G.

5. Data Plan

All data was be collected according to the
GDPR (General Data Protection Regulation)
requirements. Interviewees were given an
Informed Form of Consent (IFC), as seen

in Appendices D and E, to confirm their
participation in the study and the intent of
the research.

The IFC confirms that the participants
volunteer in the data collection process
voluntarily, that audio will be recorded

during the interviews, that participants can
remain anonymous if they choose, that select
quotations may be used in the final report,
and that the data collection will be published
in TU Delft’s online student thesis repository.

Allinterview audio files will be stored offline
by the researcher and shall be deleted 12
months after graduation. The information

will not be shared with anyone outside of

the primary researcher/author, and the TU
Delft advisors for the research. All personal
information collected via interviews, including
names and contact information will remain
private and will also not be shared beyond the
research team.

TU Delft’s DMPonline tool will be used to
create the data plan, and ensure compliance
with the GDPR, as well as TU Delft’s internal
data policies. The data plan will be reviewed
by TU Delft’s Bouwkunde faculty data
steward.

Lastly, the research will follow the FAIR
(Findable, Accessible, Interoperable,
Reusable) principles. The final report will be
accessible via TU Delft’s online education
repository. Any datasets resulting from

the research will be published using TU
Delft’s 4TU.ResearchData repository. All
data published to the repository will be
anonymized.
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04. EMPIRICAL RESEARCH RESULTS

This chapter consists of the following parts:
1) individual analysis of five demand + supply
cases 2) a cross-case analysis of all five
cases, 3) individual analysis of two supply-
only cases, 4) cross case analysis of the two
cases, b) cross case analysis of all cases,

6) findings from the expert study, and 7)
financial simulation.

1. Individual Analysis of
Demand + Supply Cases

The individual analysis of each case consists
of the following parts: 1) case context, 2)
propositions offered by the PSS provider,

3) primary drivers for the housing provider

to use the PSS, 4) secondary advantages

of using the PSS, 5) analysis of the PSS, 6)
challenges faced, 7) future use of the PSS, 8)
words of advice, 9) circular principles and 10)

summary.
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1. Individual Analysis of Demand + Supply Cases




Case A
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Elevator

input-based

Drivers for Housing Provider to use PSS

Strategic

+ Outsource Risk and Responsibilities

Financial

+ Achieve Long-term Cost Savings

,DSSDeS,gn S

Product

The product includes
the majority of
elevator equipment,
with exceptions (see
Infrastructure).

Service

Combination of pre-
planned and dynamic
loT monitoring: Service
includes all covered and
maintainable parts and
labor. Service does not
include components
that become obsolete, or
infrastructure items (see
below).

Infrastructure

Elevator core with
mounting connections,
as well as connections
for fire safety, electricity,

and telecommunications.

Additionally, the HP must
provide the elevator cab
frame, rails, and jack
cylinders.

Fig. 4.01
PSS Highlights
Case A, own figure.
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Project Context

Installed During
System Replacement
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Housing Provider Strategy
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PSS Business Model
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Ownerof Product
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PSS Contract
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Year Law of
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Case A: Elevator
Context

e Building: located in New Hampshire,
USA, Case A is the modernization
of two existing elevators within a
78-apartment affordable (social)
housing building.

* Housing Provider: the Housing
Provider (HP), which has 50+ corporate
employees, and 300+ property
maintenance employees, has a long-
term ownership strategy and considers
sustainability a core value of their
organization. They have a portfolio of
over 10,000 affordable rental homes
that they own and manage. They have
been operational for 20 years and have
used the PSS many times within their
portfolio.

« PSS Provider: the PSS Provider
(PSSP) has been operational for
20 years and installs 1.000s of
elevators per year.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
+  100% Investment (No Service Contract)
(No Buyback Guarantee)
* 100% Investment with Service
Contract (No Buyback Guarantee)

1. Individual Analysis of Demand + Supply Cases

Drivers for Housing Provider to use PSS

Fundamentally, the PSS was used by

the Housing Provider for 2 reasons:to 1)
outsource risk to the PSS (since elevators

are a regulated piece of equipment that

must comply with annual state-mandated
inspection, it is an industry-standard/best-
practice to outsource elevator maintenance
and service to a PSSP), and to 2) achieve long-
term cost savings.

1) “It’s a critical component. And it’s
regulated, because you have annual
inspections by the state. | don’t think it’s
a requirement that you have one, but it’s
just a best practice.”

— Case A:HP Rep 2

1) “As well as risk management. So,

the first thing, if there’s an injury, is the
attorney will ask for service records.
[...] You know, they bring up your
service contract, and they bring up your
preventative maintenance history and
your inspection history. And if you’re not
good on any one of those, you're likely
to have a poor outcome in the case. So,
as an owner, | would certainly want to
have a robust maintenance program to
help protect against litigation.” — Case
A: PSSP

2) “It’s essentially cost savings. So, really,
it's us as the provider incurring the risk
of service calls, repairs, preventative
maintenance. The onus is on us to
ensure that we're properly maintaining
the units to mitigate any unnecessary
repairs.” — Case A: PSSP

B Service B Product

cost

0 5 10 15 20 25
year

Fig. 4.02
Case A payment proportions over time; own figure .
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Other Advantages for Housing Provider Analysis Performed by Housing Provider
Additional advantages for the HP include The housing provider performed 1) a financial
1) predictable costs during the elevator’s comparison of bids provided by several
lifespan (for the most part, see challenges). PSSPs. These included comparing initial

1) “Labor rates in the elevator business
are higher than most other businesses.
So, a single hour for a mechanic, no
matter what company, is in excess of
$300 an hour. So, in the example of
[CASE A PROJECT], they’re mid $two-
hundreds per month. So, all they would
need is one service call and that would
exceed their monthly fee.” — Case A:
PSSP
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investment costs in combination with service
costs. The HP also 2) gave extra weight to the
PSSP’s historic record of performance.

1) “Part of the evaluation is not just the
cost of the modernization, but we also
say, “Hey, what would a service contract
be for the service of this product after
it’s installed?”. That’s the time we can
get some favorable rates to sweeten
the deal with [PSS PROVIDER], and
they would say, “Yeah, we'll continue to
maintain this for a monthly rate of X.”
— Case A:HP Rep 2

2) “Oftentimes we’'ll solicit bids from
competitors. And there’s an evaluation
process, and always we're going to apply
a value to an existing relationship that is
favorable with positive response times
and stuff. So, there’s instances where
we've solicited bids, and maybe [PSS
PROVIDER] might not have been the

low bidder, but because they have been
doing a good job, we'll re-engage them.”
— Case A:HP Rep 2



04. EMPIRICAL RESEARCH RESULTS 1. Individual Analysis of Demand + Supply Cases

Challenges when using PSS

The HP faces several challenges when

using the PSS. 1) Since the entirety of the
elevator is not being replaced, the HP, with
their limited knowledge of elevators, must
determine the demarcation of the PSS, and
thus the scope of the investment that will
most extend the elevator’s useful life. The

HP has also received dissatisfactory service
when replacement parts are not delivered in a
timely manner, or when they have to convince
the PSSP that service is indeed needed. 3)
The largest challenge faced by the HP is the
unexpected costs associated with gaps in the
PSSP’s service coverage.

1) “There’s a general perception that at 3) “After a period of time, certain parts
the end of the monetization you get a become subject to obsolescence. So,
brand-new elevator, but that may not be this is in the contracts that call out
the case. So, the risk for us is to make “yes, it was a covered item, but now it’s
sure that the laundry list of items that obsolete. So, you have to pay for that,
they’re changing out is adequate and because it's obsolete.” And this is this
buys you a restart to your lifecycle.” — is where it really starts to get a little bit
Case A:HP Rep 2 grinding between the relationship. So,
when you think you've got everything
2) “And, unfortunately, because it isn’t covered in your budget for, “Okay, I'm
informed by necessary needs, they may going to spend X amount of dollars for
manufacturer, certain parts based on my elevator maintenance, | might put
the manufacturing operations, and in a contingency for whatever”. But
not necessarily the service operations. suddenly, this part comes up and they
So, we've had delays on parts that say, “Oh, it’s obsolete.” And you say, “Oh,
are [PSS PROVIDER] owned parts, wow, | didn’t have 10,000 in my budget
and we're like, “Well, why the heck is for the replacement of an obsolete
that happening?” And this is this got component” — Case A:HP Rep 2

explained to me. So, it’s difficult to say
that we have an advantage, because our
service providers are familiar with the
equipment, but in terms of parts, there
really is not necessarily an advantage in
terms of timely replacement. — Case A:
HP Rep 2

2) “Once we own the equipment, we
have to chase them, we have to bother
them, we have to do all this kind of effort
to make sure that this works. And, you
know, badger them and beat them down.
It's a real pain in the ass, even though
you’re paying them.”

— Case A:HP Rep 2
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Future use of PSS by Housing Provider

When asked if the housing provider will
continue working with the PSSP in future
projects, they responded:

“We usually have them bid it, you know,
in most cases recently we've gone with
them. So, | think there’s no reason to
suggest why we wouldn’t, but you know,
if their service is not as good as it once
was, we may consider changing it up.
That’s kind of the nature of this. You
know, what they provide is not so good.
It just happens to be the best of our
experience at this point.” — Case A: HP
Rep 1

Circular principles within PSS

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
by extending the elevator’s useful life via
preventative maintenance. Unfortunately,
the PSS does not embody other circular
principles. The product is not intentionally
designed for disassembly or technological
cycles, and the business case does not
capture residual value, nor make use of
circular inputs.

1) “They have the diagnostics, and they
can support us in making the right
decisions. And they can also know the
equipment that we're replacing and
parts that we're adding to make the
useful life longer” — Case A: HP Rep 1

“Mostly disposed of. Sometimes we’ll
save a motor for a spare, or have it
reconditioned. You know, the motor
shop, may purchase it and have a
reconditioned. But for the most part,
you know, unless there’s specific

components that are really hard to find,

we may not retain a lot of the elevator
that we remove.” — Case A: PSSP
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Summary

In summary, the Housing Provider (HP) chose
to contract with the PSS Provider (PSSP) for a
5-year contract that they anticipate renewing
5times (25 years total). The HP decided to
contract with the PSSP for 2 reasons:to 1)
outsource risk on a building component that
undergoes annual regulatory inspections and
requires a high level of technical expertise to
service, to 2) achieve long term costs savings.

Other advantages include 1) predicable costs
(for the most part).

When analyzing the PSS, the HP compared

1) multiple financial bids. Additionally, the
HP took into account 2) the PSSP’s historic
performance, which, to-date, has been better
than the competition.

The HP faced challenges regarding 1)
defining the demarcation between product
and infrastructure based on their limited
knowledge, 2) receiving dissatisfactory
service due to the untimely replacement of
parts, or when the HP has to convince the
PSSP that service is needed, and 3) gaps in
the PSSP’s service coverage cause the HP
to pay large, unexpected costs during the
elevator’s lifespan.

The PSS exhibits only the circular principle of
1) the product’s slowing of loops by extending
the product’s useful life.
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Primary Drivers

Achieve long-term cost savings
Outsource risk and responsibilities

Secondary Advantages
Establish predictable costs

Analysis
Financial

PSSP historic service performance

Demarcation of PSS

Dissatisfactory service

Incomplete service coverage
(unpredictable costs)

Circular Principles

Product: slowing loops
(long-life products, product life extension)
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1. Individual Analysis of Demand + Supply Cases

Fig.4.03
Case A summary;
own figure .
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Case B

Kitchen

availability-based

Drivers for Housing Provider to use PSS

Strategic

+ Outsource Risk and Responsibilities
Financial

+ Achieve Long-term Cost Savings
+ Accompllsh (More) Scope without Capltal

PI’OjeCt Context /—/ousmg Prowder Strotegy Owner of Product
Installed During Long -term Ownershlp Housing Provider (15 Kitchens)
Buildin . : :
Transfo%mation PSS Business Model PSS Provider (1 Kitchen)
from Office to (o) (o)
Residential 83A) 966 . PSS Contract
. Serviceto Serviceto V
. Product  Product V
16 . Cost Cost ‘as-a- 40
Market . Ratio Ratio Service”  rear Law of
The Rate . (15 (1 Business: oervice Accession
Netherlands Apartments: Kitchens) Kitchen) Model ¢ Contract “Work-Around”
(1 Kitchen)
PSS Design Product

The product includes the cabinets,
drawers, appliances, and sink and
faucet, all of which are hung on

a steel frame. The steel frame is
expected to last for 60 years, and
provides the basis for the product’s
residual value.

Service

In addition to financing, service
includes pre-planned preventative
maintenance: New Range-Hood
Filters (2 Year Cycles), New
Appliances (10 Year Cycles), New
Countertop and Faceplates (20
Year Cycles), Replacement of Any

Failures.
N
J?\l Infrastructure
Fig. 4.04 Electrical, Water, and Sewage
PSS Highlights Case B, own figure. Connections.

66



04. EMPIRICAL RESEARCH RESULTS
Case B: Kitchen

Context

e Building: located in The Netherlands,
Case Bis the installation of 16 kitchens
within the transformation of a historic
(monument) office building to 16
market-rate apartments.

* Housing Provider: the Housing Provider
(HP) is a one-person company with a
long-term ownership strategy. They
have a small portfolio of rental homes
that they own, manage, and market as
sustainable, low-carbon rental housing.
They have been operational for 5 years,
and this is their first use of the PSS.

« PSS Provider: the PSS Provider
(PSSP) has been operational for 1
year and has, to date, installed 10
PSSs, with another 50 installations
planned this spring.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
«  100% Investment with Service Contract
with Buyback Guarantee
» Lease-to-Own with Service Contract
with Buyback Guarantee (15 Kitchens)
PSS Provider is Owner of Product:
* No Down payment, Installation
Fee, Recurring Service Payments (1
Kitchen)
+ Down Payment (Includes Installation
Fee), Recurring Service Payment

1. Individual Analysis of Demand + Supply Cases

Primary drivers for Housing Provider to
use PSS

Fundamentally, the PSS was used by

the housing provider for 3 reasons: 1)

to outsource all kitchen maintenance

and replacements in order to keep their
organization lean, 2) to take pressure off
their budget and accomplish scope without
capital, and 3) to save costs over a 40-year
period:

1) “Well, for me, the main thingis that it
allows me to keep my business lean, so |
don’t want to expand the business in the
sense of employing more people. So, this is a
very good way to outsource a big part of the
technical responsibility while also being able
to outsource the management over these
assets.” — Case B: HP

2) “[...] because transforming buildings is
already very complex with many moving parts
during the decision-making process. And
that’s even worse in the case of old buildings,
especially monuments where you have a lot
of restrictions. So, the PSS alternative to the
kitchens came as a good way of releasing
some pressure on the budget”™— Case B: HP

3) “l had a cost estimation firm make a long-
term maintenance and management plan of
the building. So, | knew that over the next 40
years, they had assigned about 240,000 euros
for the fixing and replacement of appliances
and replacement of kitchens at 20 years. So
basically, | would have to replace the whole
kitchens twice within 40 years. And then on
the other hand, from [PSS PROVIDER], | got
three different options.” — Case B: HP

B Service @ Product

cost

0 10

20 30 40
year
Fig. 4.05

Case B payment proportions over time (financial lease for 15 kitchens); own figure.
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Secondary Advantages for Housing
Provider

In addition to the reasoning listed above,

the PSS also has several other advantages.
Since the HP could accomplish scope without
capital, they were able to get a getting a
higher quality product than the housing
provider could afford to purchase (ex: granite
counter tops), which 1) increased their
market appeal to residents. The PSS also 2)
creates predicable costs for the HP, and 3)
increases the circularity of the HP’s portfolio.

1) “Well, | mean, on one side | think [PSS
PROVIDER] does have a very good quality.
So, for example, they can provide this
granite countertop which normally, the
120,000 euros or so that | mentioned,
would not have probably included a granite
countertop. So also, within the same kind
of price comparison, | can afford to get
some things which tenants will actually
value better, like for example, granite
countertops.” — Case B: HP

2) “I think one of the nicest things about
our way of doing it is that, if you make a
multiple-years-maintenance-plan, you can
predict exactly what your kitchen would
cost. So, it’s very easy, it’s predictable, it’s

calculable. And that is a huge advantage for

any sort of investor” — Case B: PSSP

3) “It allows me to also fulfill my
sustainability goals by replacing this
equipment less often. And knowing that
the appliance manufacturer will actually
remanufacture it when the time comes to
do so.” — Case B: HP

Analysis Performed by Housing Provider

The housing provider performed a 1) financial
comparison between Total Cost of Use (TCU)
vs Total Cost of Ownership (TCO), as well as 2)
reviewed the risks over the long-term period.

1) “l did a very simplified total cost of
ownership over 20 years and over 40
years. So, for the baseline, the only thing
| needed to use was my cost of capital.

| had two options for the cost of capital,
either to use the financing and interest
rate from the renovation, which was
very low, about 1.8% average. Or to use
what | would make from a separate
investment, so more the opportunity
cost of capital. So, | used the latter one,
which is closer to 5%. And then | have

a pretty good idea of how much the 16
kitchens would cost to purchase and
install. That was the 120,000 or so that |
mentioned.” — Case B: HP

2) “I mean, you could say that the
concern of the company being around to
deliver the services could be one. Yeah,
but I'm not too worried because | mean,
in the worst case, it would just become a
linear kitchen.” — Case B: HP

W Service B Product

4%

Fig. 4.06

20 30 40
year

Case B payment proportions over time (Kitchen-as-a-Service for 1 kitchen); own figure .
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Challenges when using PSS

Challenges for the housing provider when
using the PSS include 1) the kitchen not
being as flexible as a traditional kitchen. Also,
despite this not being a challenge for the
specific HP, they noted that 2) the contract’s
complexity will likely be a challenge for
individuals or organizations not familiar

with the PSSP retaining ownership of their
product.

1) “So, because [PSS PROVIDER] is
circular and they want to only make
modular components they can actually
reuse easily at a high value, then they
cannot really deal too much with
specific shapes or connection points to
other objects in the apartment.”

— Case B: HP

2) “Because | know a lot about circular
business models and product service
systems already, then | didn’t have to do
the research into that. Otherwise, | can
imagine, just understanding how the hell
is it supposed to work, is probably very
time consuming.” — Case B: HP

Future use of PSS by Housing Provider

When asked if the housing provider will
continue the use of the PSS in future projects,
they responded:

“When the other properties | have reach
the end of the service life, | will surely
replace the kitchens with the [PSS
PROVIDER)] offer, because | think it just
makes much more sense to get rid of
this trouble.”— Case B: HP

Words of Advice from Housing Provider

Additionally, when asked about words of
advice to other housing providers who are
considering the use of PSSs, they said:

“My word of advice is to find out and
focus on what exactly it is that is their
added value and their core business.

I think very often, it will not be the
management and maintenance of the
hardware that they need to have in
order to deliver the rental property to
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1. Individual Analysis of Demand + Supply Cases

the tenant. And then | think once they
do this, then they will start having an
incentive to evaluate where their costs
lie, and which actually makes sense for
them to keep in house and which ones
they should outsource. Therefore, they
will probably start considering PSS as
something that is worth their time, and
worth their energy saved.”

— Case B: HP

Circular principles within PSS

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
via extending the kitchens' lifespan, 2) the
product’s closing of loops via design for
disassembly and technological cycles, 3)

the business model’s slowing of loops via
the exploitation of residual value, and 4) the
business models closing of loops via the use
of circular inputs.

1) “Every 10 years you get new
appliances. So also at 20 years, if you
decide to choose a second contractor,
right? And then at 20 years, we change
the fronts, the plate material, if needed.
Of course, we don’t know yet what the
status of that kitchen will be. We don’t
know how intensely it will be used. If it’s
not used intensely, then the runners, and
the drawers, and the hinges, they might
be good for another five or 10 years. So,
we change them at the next preventative
maintenance opportunity. “— Case B:
PSSP

2) *You can tell from the design, that it’s
designed in a different way to a normal
kitchen.” — Case B: HP

2) “For the appliances, indeed, it’s all
about companies, eventually taking
back their product and using it in the
highest value possible at that stage.
That’s either directly using it again,
refurbishment, remanufacturing, and
you go down the “R-ladder’, in the end,
recycle. And that’s also something that
we put in the contract, right. So, these
are the steps you need to follow. And
if that doesn’t work, then you go to the
next step. So we don’t want you to go
straight away to recycling. And we also
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have to see how that will pan out, really,
when we start delivering back these

components to these parties.” — Case B:

PSSP

3)”And [HOUSING PROVIDER] also
wants to us to make a contract of 40
years, because we know that if the
frame and the countertop can just
stay on the location, then it will be way
cheaper to put a second life kitchen in
there.” — Case B: PSSP

4) “So, the plate material is already

90% waste wood. So, it’s already had its
lifetime, had its use, and then it comes
back, and they make new plate material
out of it. So that’s already circular input.
For the steel, it's 25% circular inputs, so
it’s already old steel used there.” — Case
B: PSSP
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Summary

In summary, the housing provider chose to
contract with the PSS Provider for a 40-year
contract. They decided to use the PSS for
three reasons: 1) to keep their organization
lean by outsourcing the risk and maintenance
responsibilities to the PSSP, 2) to accomplish
scope despite a lack of capital, and 3) to
reduce the long-term costs of the kitchen
over a 40-year period.

Other advantages include 1) increasing

the market appeal of their rental homes, 2)
creating predicable costs and 3) increasing
the circularity of their kitchens, building, and
portfolio.

When analyzing the PSS, the housing provider
evaluated 1) the Total Cost of Ownership

(TCO) vs the Total Cost of Use (TCO). For the
analysis, they used the following information:
investment costs from previous projects,

cost of capital, leasing costs from the PSS
provider, and lifecycle costs from a 3rd party
cost estimation firm. They also 2) reviewed
the risks associated with the PSSP going
bankrupt during the contract period.

The HP faced challenges regarding 1)

the inflexibility of the product, due to its

high degree of circularity. While they have
extensive circular business model knowledge,
they noted that 2) the complexity of the
contracts could very well be a challenge for
those who are not familiar.

The PSS exhibits the circular principles

of 1) the product’s slowing of loops, 2) the
product’s closing of loops, 3) the business
model’s slowing of loops, and 4) the business
model’s closing of loops.
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Primary Drivers

Achieve long-term cost savings
Outsource risk and responsibilities
Accomplish (more) scope without capital
Secondary Advantages
Establish predictable costs
Enhance portfolio circularity
Enhance market appeal
Analysis
Financial

Risks and responsibilities

Contract complexity

Product inflexibility

Circular Principles

Product: slowing loops

(long-life products, product life extension)
Product: closing loops

(designed for technological/biological cycles)
Business model: slowing loops

(exploit residual value)

Business model: closing loops
(industrial symbiosis, circular inputs)
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Fig. 4.07
Case B summary;
own figure .
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CaseC

Window

availability-based

Drivers for Housing Provider to use PSS

Strategic

+ Prepare for Changing Regulations
Financial

+ Achieve Long-term Cost Savings

Project Context Housing Provider Strategy Owner of Product '
Installed During
Building - Long-term Ownership . PSS Provider
Transformation
from Office to
Residential . PSS Business Model . PSS Contract

30 100% v 30 V

Market . Serviceto  “as-a-Service” | Year Law of
The Rate . Product Business . Service Accession
Netherlands  Apartments | CostRatio Model ¢ Contract “Work-Around”
PSS Design Product

The product includes 130 aluminum :
frame windows with various operability. :

Service
In addition to financing, service
includes a combination of pre-planned
/// and dynamic loT monitoring: monitor
how many times each window has been
/// opened, and then perform dynamic
maintenance to keep all doors and
windows operable, based on maximum
///

force to open and close windows. All
washing and cleaning of the glass.

Infrastructure

Pre-fabricated facade from a 3rd

Party Facade Fabricator, inclusive
of structure, window rough opening,

\ insulation, waterproofing, and cladding.

Fig. 4.08
PSS Highlights Case C, own figure.
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Case C: Window

Context

e Building: located in The Netherlands,
Case Cis installation of 130 windows
within the transformation of an office
building into 30 market-rate short-term
rental apartments.

* Housing Provider: the Housing Provider
(HP), which has 12 employees, has a
long-term ownership strategy, . They
have a portfolio of 10+ buildings
that range in program type. The HP
considers circularity to be a core value
of their organization. They have been
operational for 12 years and this is their
first time using the PSS within their
portfolio.

« PSS Provider: the PSS Provider has
been selling their product for 30+
years, and this is their first time
offering their product as-a-service
to a customer.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
+  100% Investment (No Service Contract)
(No Buyback Guarantee)
«  100% Investment with Service Contract
with Buyback Guarantee
PSS Provider is Owner of Product:
* No Down Payment, No Installation Fee,
Recurring Service Payments

1. Individual Analysis of Demand + Supply Cases

Primary drivers for Housing Provider to
use PSS

Fundamentally, the PSS was used by

the Housing Provider to 1) prepare their
organization for new upcoming governmental
tax regulations which will likely increase
costs based on raw material extraction and
CO2 emissions. When such taxations are
implemented, the use of a circular PSS has
the potential to 2) achieve cost savings via
reduced raw material and COZ2 tax liabilities.
Thus, the HP is exploring how the use of

a circular PSS impacts their processes

and finances during the development and
exploitation of a building.

1) “It’s not really about the money in this
project, but just exploring and see how the
service will work and how the taxations,
how to value of the facade together with
the financial part. Yeah, just find out how
this works, how this construction works, to
probably do it later on a bigger scale in their
projects.” — Case C: PSSP

2) “We have the vision on the long term

by saying that, because it doesn’t solve

a problem, like for now, but in the future,
this will become the problem, because the
economy is going to end. So, in the future,
all the things, like COZ2 taxes, will come, and
materials are going to be taxed higher. So, in
the future, this model will work out better.
Right now, it’s not the perfect one, but we
want to push this thinking.” — Case C: HP

B Service @ Product

cost

20 30
year

Fig. 4.09
Case C payment proportions over time; own figure.
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Secondary advantages for Housing
Provider

Additional advantages for the HP include 1)
outsourcing the maintenance responsibilities
to the PSSP, 2) increasing the flexibility of
their building in the future to reduce the

risk of obsolescence, and 3) increasing the
circularity of their portfolio.

1) “And there are some other benefits,
because if you are not the owner, for
yourself of this part, like the window
frames, then the maintenance is also
not for our package.”

— Case C: HP

2) "As an investor or a developer, we
believe in multiple function buildings. So,
it must be dynamic all the time, because
it doesn’t matter when, but the only
thing you know for sure, is it’s going to
change one day, the use of the building.
Previous it was an office. So right now,
we’re transforming an office to short
term rental. And maybe in the future,

it will be homes for living long term.

Or maybe homes for living for elderly
people. Could be all the things.”

— Case C: HP

3) “It’s one of the key things we say we
are, we are circular. So, for me as the
technical guy, it's the main focus to
make this the next step towards circular
economy.” — Case C: HP

Analysis Performed by Housing Provider

The housing provider reviewed 1) the proposal
provided by the PSSP which included a
comparison between leasing the facade
(Total Cost of Use (TCU)) vs purchasing the
facade (Total Cost of Ownership (TCO)),

and 2) reviewing risks and responsibilities.
Additionally, the HP was keen on 3) defining
the take-back, or end-of-use, scenarios with
the PSSP,

1) “What we basically do is we do the
calculations for the TCO, total cost of
ownership (TCO), total cost of use (TCU),
and some components are included,
like maintenance, insurance, managing
and do the administration of the facade.
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That’s all part of our concept. But at the
end, there’s one rental price, what they
actually pay. And what’s included in the
price, that’s a lot. It’s not interesting to
see it in detail, they’re just interested in
the rental price, because now they also
know, in a traditional way, what a facade
will cost in the next 30 years. You know,
but then the risk is for them. And now
the risk is for me, and | come to a to a
certain rental price. That’s what they
have to pay.”

— Case C: PSSP

2)” We have to verify for ourselves that
it’s not a stupid decision. When we found
out, and we had some discussions,

when we found out that this was a good
decision, we just continued our thoughts
to make it happen.” — Case C: HP

3) “We were having this discussion, and
we were talking about the restrictions.
Like what would be in the contract, we
just say, give us something in return
when we don’t want the facade anymore,
we want to have something in return.
[...] A buyback guarantee, and within
the first 10 years, | just say a term, |
don’t know it for sure, but in the first 10
years they buy it back for 30% of the
investment costs, after 20 years, 20%,
and after 30 years, 10%, for example. So
that’s the thing we discussed with [PSS
PROVIDER]” — Case C: HP

3) “Yea, kind of buy back. | don’t know

if we seriously buy it back. Or maybe
for a little price, | don’t know. That’s
maybe the day value of that moment of
the facade. And then we need kind of
notified bodies, to help us with saying
what the value is, actually, because
you need experts to help say, this is the
value of the facade, the facade can still
be 20 years be used. And then, based
on that value, we probably can have a
price on it. But I think, and also in the
traditional way of doing this kind of
projects, after 30 years, the facade is
paid off. So, if we take it back, we make
a lot of costs for disassembly, we make
cost for transportation, we make cost
for upgrades, remanufacturing. And
that price, we have to pay it, you know,
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so if you find a new building where we
can put it back, we have to make a lot
of costs - doing a lot of investments. So,
I think, in a financial way, buying back
the product at that moment, is probably
not really the case. Because we have to
make costs to upgrade product.”

— Case C: PSSP

Challenges when using PSS

The HP faced a challenge regarding 1) the
PSS’s impact on the general contractor’s
(GC’s) processes and profit margin. Since

the window package began in a “traditional”
manner, the HP provided the GC payment so
they could purchase the window package.
When the window procurement changed
from purchase to lease, the GC needed to
return the funds to the HPF, as they were no
longer the contracting party. Also, since GCs
typically calculate their profit as a % of the
total construction costs, and the window PSS
required no initial investment, the GC'’s profit
was therefore reduced. Since the project was
on a fast timeline, the HP decided to keep
the GC’s profit unchanged (thus overpaying)
to avoid delays due to negotiations. The 2)
contract complexity was also a challenge.

1) “Normally, when they deliver a
product, they will get their provision
over these products. So, that was one
of the things we had to discuss with the
contractor. So, we just said, alright, let’s
receive a proposal of the initial costs of
these windows, then you can get your
provision over these initial costs, but
they don’t really invest in these costs.
[...] Like 10% extra. So that’s the thing
they don’t get when we are the contract
partner. So, we discussed with the
contractor, to give this 10% margin or
something based on the investment
costs when you do it linear. So that’s one
thing which was hard. [...] So, they still
get that 10%. [...] So, we discussed with
the contractor that they will do it linear
to get this on time. And that we buy it
back, or we calculate at the end of the
building construction, that we make it
circular. So, if it’s circular, they give us
our money back or something.”

— Case C: HP

1. Individual Analysis of Demand + Supply Cases

2) “With [HOUSING PROVIDER] we
needed some time to explain and how
the contract works. And later on, we
Just dived into the financial calculations
to get it understandable. And there’s

a certain point that they just can buy
the product back. So how much is the
amount then for it? And if they want to
get it back earlier than we say in the
contract that they need to pay a penalty,
and what kind of penalty. Those are
some points we had to go through.”

— Case C: PSSP
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Future use of PSS by Housing Provider

When asked if the housing provider will
continue working with the PSSP in future
projects, they responded:

“lassume that, if this building goes
well, you'll start to develop perhaps a
more long-term partnership with [PSS
PROVIDER] for future buildings.” —
David Parker

“Yeah, definitely.” — Case C: HP
Circular principles within PSS

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
via extending the lifespan of the windows
through preventative maintenance, 2) the
product’s closing of loops via design for
disassembly and technological cycles, 3)

the business model’s slowing of loops via
the exploitation of residual value, and 4) the
business model’s closing of loops via the use
of circular inputs.

1) “We have a long-term performance
contract with them to keep the quality
as high as possible so that we enlarge
the lifespan of the materials.” — Case C:
PSSP

2) “You push the manufacturer to think
about their product, how is this going to
be disassembled, how it is going to be
brought back in the loop again.” — Case
C:HP

3) “We don’t know, there’s no one who
can say it to us. But our feeling and

our believing in the circular economy

is that we definitely can make a high
residual value. But we don’t use it in our
calculations. We don’t use a residual
value in our calculations, not yet. Maybe
later on.” — Case C: PSSP

4) “With this new entity we are setting
up, 100% must be recycled and reused.
You know. We when we set up the new
brand, in the DNA is already embedded
that we just reuse it till the end.” — Case
C: PSSP
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Summary

In summary, the housing provider chose to
contract with the PSS Provider for a 30-year
contract. The Housing Provider (HP) is using
the PSS to 1) prepare for the Netherlands’
eventual transition from a linear economy to
a circular economy. Should such taxations be
in place for raw material extraction and CO2
emissions, the use of a circular PSS will help
the HP 2) achieve long term costs savings
based on reduced tax liabilities. Thus, in the
immediate term, the HP is using the PSS

to explore the new procurement process,
and better understand the PSS’s impact

on their processes and finances during the
development and exploitation of a building.

Other advantages include 1) outsourcing
the maintenance responsibilities to the
PSSP, 2) having flexibility in their facade,
should demands change in the future, and 3)
increasing the circularity of their portfolio.

When analyzing the PSS, the HP compared

1) the Total Cost of Use (TCO) with the Total
Cost of Ownership (TCO), 2) the risks and
responsibilities associated with using the
PSS, as well as 3) end-of-use scenarios
pertaining to residual value. The end-of-life
scenarios were loosely defined in the present
and will be better defined in the future when
the windows reach their end of use.

The HP faced challenges with 1) the PSS’s
impact on the general contractor’s profit, and
2) the complexity of the contract.

The PSS exhibits the circular principles

of 1) the product’s slowing of loops, 2) the
product’s closing of loops, 3) the business
model’s slowing of loops, and 4) the business
model’s closing of loops.



04. EMPIRICAL RESEARCH RESULTS 1. Individual Analysis of Demand + Supply Cases

Primary Drivers

Achieve long-term cost savings

Prepare for changing regulations

Secondary Advantages

Outsource risk and responsibilities
Enhance portfolio circularity

Enhance building flexibility

Analysis

Financial
Risks and responsibilities

End-of-use scenarios

Contract complexity

PSS impact on General Contractor’s profit

Circular Principles

Product: slowing loops

(long-life products, product life extension)
Product: closing loops

(designed for technological/biological cycles)
Business model: slowing loops

(exploit residual value)

Business model: closing loops
(industrial symbiosis, circular inputs)

Fig.4.10
Case Csummary;
own figure .
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Case D

Battery

availability-based

Drivers for Housing Provider to use PSS

Strategic

+ Outsource Risk and Responsibilities

Financial
+ Achieve Long-term Cost Savings

Project Context

OwnerofPrOduct S

Housing Provider Strategy
Installation of New Long-term Ownership PSS Provider
Technology
PSS Business Model PSSContract
50 97% vV 10 X
Social . Serviceto “as-a-Service”: Year Law of
The (Affordable) . Product Business . Service Accession
Netherlands Apartments @ Cost Ratio Model Contract “Work-Around”
PSS Design Product

N\

Fig. 4.11
PSS Highlights Case D, own figure.

The product includes the battery and
cabling to connect to building’s master-
meter.

Service

In addition to financing, service includes a
combination of pre-planned and dynamic
loT monitoring to ensure no fire hazards.
Monitoring also tracks performance of
battery to ensure battery is providing the
guaranteed minimum savings promised to
the HP,

Infrastructure

Secure electrical closet in basement with
adequate space for placing the battery.
The HP must also contact the government
to apply for, and receive, permission to
reduce the size of their building’s grid
connection.
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Case D: Battery
Context

e Building: located in The Netherlands,
Case D is the installation of a battery
storage system within a 50-apartment
social (affordable) housing building.

* Housing Provider: the Housing Provider
(HP), which has 100+ employees, has
a long-term ownership strategy, and
considers sustainability a core value
of their organization. They have a
portfolio of 16,000+ social rental homes
buildings that they own and manage.
They have been operational for 37 years
and have used the PSS many times
within their portfolio. The first use of
the PSS was a purchased pilot project.
Since then, they have decided to lease
all additional batteries within their
portfolio.

« PSS Provider: the PSS Provider
(PSSP) has been selling and leasing
their product for 2+ years and has
installed 100+ batteries.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
«  100% Investment with Service Contract
with Buyback Guarantee
PSS Provider is Owner of Product:
* No Down payment, Installation Fee,
Recurring Service Payments

1. Individual Analysis of Demand + Supply Cases

Primary drivers for Housing Provider to
use PSS

Fundamentally, the PSS was used by the
Housing Provider to 1) achieve cost savings
by reducing operating costs at their buildings,
and to 2) outsource risk and responsibilities
on a technologically advanced product, so
they can maintain their focus on their core
business.

1) “So, the main reason to choose for the
battery is that it lowers the service costs
of a building, so there is a benefit for the
for the tenants. So that’s the incentive.
[...] It’s quite an easy business case

for [PSS PROVIDER], because only by
reducing the grid capacity, they already
have a business case.” — Case D: HP

2) “They choose to do it as-a-service
because, a battery, it's a new technology,
so there is risk involved. So, the
degeneration of the battery, how will
the components work over a lifetime

of 10 years?All those risks [...] The
housing company says, “okay, we are
good in building houses and renting
them, but we are not so involved in this
completely new market.” And the role of
a housing company, especially a social
housing company, is to have homes for
the working class, or at least for people
who don’t have a lot of money. And this
battery doesn’t really fit in their own
strategy, in their own value proposition.”
— Case D: HP

@ Service @ Product

cost

6 8 10

Fig.4.12
Case D payment proportions over time; own figure.
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Secondary advantages for Housing
Provider

Additional advantages for the HP include 1)
the increased market appeal of their property,
2) accomplishing scope without allocating
capital, and 3) increasing the circularity of
their portfolio.

1) “To the municipality, to other
stakeholders involved, like, “okay, we are
doing some very innovative things, and
we have a virtual power plant running in
our real estate.”

— Case D: HP

2) “And at the housing corporation, it
makes things much faster, because
otherwise you need to write a plan for
12 batteries and do the whole decision-
making process, which cost at least

for four or five months. [...] It was way
easier, because they don’t have an
investment to make.” — Case D: HP

3)” [HOUSING PROVIDER] was used to
don’t work with products as a service.
But during that time the circular
economy popped in.” — Case D: HP

Analysis Performed by Housing Provider

The housing provider reviewed 1) three
financial scenarios, 2) a risk analysis
associated with the financial scenarios, 3) the
performance of a previous pilot project with
the PSSP, and 4) a review of the PSS’s impact
on the building’s future operations.

1)” It was a financial and risk analysis.
[...] But it was mainly, of course, the
business case was an important one.
[...] So, three cases: What if we don’t
place a battery? What if we place a
battery and we buy it ourselves? What
are the benefits? What’s the profit when
you lease it? What’s the profit when it’s
your own property? And what’s the loss
when you don’t have any battery at all?
And there is this quite a huge difference.
| thought, for a building with 50
apartments, when you lease the battery,
you have a profit of 300 to 400 euros,
and if you buy the battery, it’s really
something like 600-1000. So, there is
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quite a difference between them, and
still, the board said to me, “okay, the
difference is not that much, when we
see the risks which are involved.” —
Case D: HP

2) “And at the end, it was kind of, not

a SWOT analysis, but kind of what are
the advantages when it is your own
property? Or what are the advantages
and disadvantages when you do the
product as a surface version? And yeah,
I valued both cases and asked different
people in the organization, what’s your
opinion? And finally, there was kind of
common sense that the product-as-a-
service was a better solution” — Case D:
HP

3) “And now we could just say, “okay,

we did the pilot, it went well.” | made a
memo, a short, short version of a report.
And then the director said, “okay, we see
the advantages, just do the lease” —
Case D: HP

4)“So, it’s also important to have a
more holistic view. Okay, what is the
function of this battery in the whole
system? And does it still fit within your
strategy for the long term? So, if you
have now the apartments are gas fired,
but for example, in Amsterdam, they
want some neighborhoods already
within 10 years off the gas, all electric,
so then it’s quite illogical to now choose
for a battery which reduces your grid
capacity, while within 5 or 10 years, you
have to enlarge your grid capacity. [...] In
this case, [HOUSING PROVIDER] has a
district heating, so city heating. So, they
don’t have to enlarge their grid capacity
because they get a hot water pipe into
buildings.” — Case D: HP
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Challenges when using PSS

The HP faced challenges regarding 1)

the contract and its demarcation of the

PSS (where the product ends and the
infrastructure begins), 2) the inflexibility of
the PSSP’s contract (pertaining to the HP’s
terms and conditions), and 3) the reluctance
of the HP staff to trust in the PSSP’s value
proposition (the initial pilot project increased
their confidence).

1) “If you place the battery further
away from the grid connection, you
need to have a longer AC cable. So,

at a certain point, after 10 meters, it
was not incorporated anymore. [...] So
that cost was the kind of discussion.
Yeah, is your responsibility? And what’s
the demarcation? For whom are

those costs? It was now at [HOUSING
PROVIDER]. But that was a kind of gray
area.” — Case D: HP

2) “Yeah, the terms and conditions

were quite challenging. Because the
[HOUSING PROVIDER] wasn’t used to
have a product-as-a-service contract,
[PSS PROVIDER] had a quite strict legal
things with their financial company. So
that didn’t really fit. So, it was like, take it
or leave it, because otherwise, from [PSS
PROVIDER]’s point of view, they didn’t get
the financing closed. [...] For example,
we want to have the general terms and
conditions of [HOUSING PROVIDER]

at the start. So that’s the part of the
contract where [PSS PROVIDER] said
“that’s impossible, we can only do our
terms and conditions”. And, for the
procurement purchase department, that
was quite an important part, because
there are all the risks.” — Case D: HP

3)” One, of course, is that, if you tell
somebody that they’re going to instantly
start saving money, they don’t believe
you. They say it’s too good to be true. And
then if you also tell them it’s a battery,
then they’ll say, “no battery systems are
not profitable in the Netherlands, you
can’t come with battery systems.”
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Words of Advice from Housing Provider

When talking about PSSs pertaining to the
energy transition, the HP stated that Housing
Providers must be critical of how the PSS will
impact the resident’s service costs:

So, to make the business case feasible
for a social housing company, it'’s easy
to say “okay, just outsource the whole
HVAC installation’; but they often don’t
look to the housing costs for the tenant.
It needs to be in balance. And now you
see that you have a high rent, but also a
high energy bill. And can you still call it
then social housing?

— Case D: HP

Circular principles within PSS

The PSS embodies the following circular
principles: 1) the business model’s slowing
of loops via the exploitation of residual value.
Unfortunately, the PSS does not evidence
other principles of circularity.

1) “After 10 years, it loses part of its
capacity to instantly provide the power.
So, after 10 years, we always take out
the batteries and put in new batteries.
And the old batteries we use in our
smaller, even smaller system that we are
developing for a home battery.”

— Case D: PSSP
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Summary

In summary, the housing provider chose to
contract with the PSS Provider for a 10-year
contract. The Housing Provider (HP) is using
the PSS to 1) achieve long-term cost savings
and 2) outsource the risk and responsibilities
of a new and potentially volatile product.

Other advantages include 1) the increased
market appeal, 2) accomplishing scope
without allocating capital, and 3) increasing
the circularity of their portfolio.

When analyzing the PSS, the HP reviewed 1)
financial scenarios, 2) risks associated with
each scenario, as well as 3) the PSS’s impacts
on the building’s future operations.

The HP faced challenges regarding 1)

an unclear demarcation of product and
infrastructure, 2) the PSSP’s inflexible
contract, 3) the performance of a previous
pilot project with the PSSP, and 4) a review
of the PSS’s impact on the building’s future
operations.

The PSS exhibits the circular principles of

1) the product’s closing of loops via design
for technological cycles, and 2) the business
model’s slowing of loops via the exploitation
of residual value.
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Primary Drivers

Achieve long-term cost savings
Outsource risk and responsibilities
Secondary Advantages
Accomplish (more) scope without capital
Enhance portfolio circularity
Enhance market appeal
Analysis
Financial
Risks and responsibilities
PSSP historic service performance

PSS impacts on future building operations

Lack of confidence in PSS/PSSP
Demarcation of PSS
Contract inflexibility

Circular Principles

Business model: slowing loops
(exploit residual value)
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1. Individual Analysis of Demand + Supply Cases

Fig.4.13
Case D summary;
own figure .
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evator

Drivers for Housing Provider to use PSS

Case E

Financial

+ Accomplish (More) Scope without Capital

,DSSDeS,gn e

Product

The product includes all
required equipment (cab,
rails, motor, doors at each

floor, etc.) for 14 elevators.

Service

In addition to financing,
service includes a
combination of pre-
planned and dynamic
monitoring. PSSP
guarantees 98% up-time
annually, otherwise will
pay penalty to HP.

Infrastructure

Elevator core with
mounting connections, as
well as connections for
fire safety, electricity, and
telecommunications.

Fig.4.14
PSS Highlights
Case E, own figure.
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Project Context

Installed During
New Construction

O s

The Rate
Netherlands Homes

Housing Provider Strategy

Develop and Sell to Investor
(70% pre-sold before
construction begins)

PSS Business Model
100% V
Service to “as-a-Service”
Product Business

Cost Ratio Model

Owner of Product

PSS Provider

pssContract
30 na

Year Law of

Service Accession
Contract “Work-Around”




04. EMPIRICAL RESEARCH RESULTS

Case E: Elevator

Context

e Building: located in The Netherlands,
Case E is the installation of 14 elevators
in a large new construction project
comprised of 485 market-rate homes.
285 are being sold to consumers for
homeownership, and the remaining
200 are being sold to an investor who
will manage them as rental homes. A
centralized homeowners association,
which is funded by both the individual
owners and the investor, serves as the
contracting party for the PSS.

* Housing Provider: the Housing Provider
(HP), which has 175+ employees, has a
short-term development strategy. Only
after 70% of the homes have been pre-
sold does the HP begin construction.
The HP has been operational for 19
years and this is their first time using
the PSS within their portfolio.

« PSS Provider: the PSS Provider
(PSSP) has been selling their
product for 65+ years and began
offering their product as-a- service
in 2017.Since then, over 200
elevators have been procured via the
Elevator-as-a-Service model.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

1. Individual Analysis of Demand + Supply Cases

Housing Provider is Owner of Product:
«  100% Investment with Service Contract
(No Buyback Guarantee)
PSS Provider is Owner of Product:
 No Down Payment, No Installation Fee,
Recurring Service Payments
«  Down Payment (Includes Installation
Fee), Recurring Service Payment

Primary drivers for Housing Provider to
use PSS

Fundamentally, the PSS was used by the
Housing Provider to 1) accomplish scope, and
the project as whole, without the need for
capital. By using the as-a-service model with
no down payment, the project became viable.

1) “Well, for us the main reason to turn
to [PSS PROVIDER] and the system

of the PSS was the business case. It
saved us a lot of money. That’s mainly
the only reason, that it saves us a lot of
money, and otherwise we wouldn’t have
a good business case on the project.
Normally we just buy the building from
the contractor, and it's complete with

all the elevators in it. And in this case,
the elevators were amount in total of 5
million euros. And because of the as-a-
service contract, we managed to get 4
million or four and a half million out of
the contract with the contractor. And the
costs of the maintenance and everything
are for the people who are going to live
there. So, it was mainly financial driven.”
— Case E: HP

B Service @ Product

cost
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Case E payment proportions over time; own figure.
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Secondary advantages for Investor and
Residents

Additional advantages for the investor and
homeowners include 1) outsourcing the

risk and responsibilities of maintaining the
elevator, 2) achieving long term cost savings,
and 3) creating predicable costs over the long
term.

1) “If you have a building owner, the
benefits for them when having a usage
contract is to be sure that they have
fixed fee, fixed costs, fixed margin, and
no worries at all. And the elevator is
almost always up and running. And it
is guaranteed up and running against
better service level than before in a
traditional buying proposal.”

— Case E: PSSP

2) “You have other kind of customers

like real estate developers for housing,
then you'll see often a consulting party
calculating service costs per apartment.
In these service costs, they have already
also foreseen elevator costs for the
direct costs, but also some costs for the
long period maintenance or replacement
costs, especially that. And that, they
compare with [PSS NAME] contract.
And more and more, you see that [PSS
NAME] in the long term is approximately
20% lower in cost than traditional

costs that come with some risk, without
knowing if you achieve these kinds of
figures.” — Case E: PSSP

3) “With [PSS NAME] you are
guaranteed. So more often, you see that
the real cost for the long period is higher
than expected. And with [PSS NAME],
you’re sure that it’s fixed.”

— Case E: PSSP
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Analysis Performed by Housing Provider

The housing provider reviewed 1) two
financing alternatives regarding investing in
the elevator in a traditional manner (TCO) vs
procuring the elevator via an as-a-service
model (TCU), as well as 2) the impact of the
as-a-service model on resident service costs.

1) “We are very open and transparent

in our contract. We are very open and
transparent in the costs that we charge
them, and also very open in comparison
to traditional way and traditional

costs. And that’s not only by us, but it’s
also by having third parties, like these
consulting parties who are delivering
these kinds of real costs over elevators
in the past. Combining that makes it a
rather open and frank discussion. And
you have to create trust and openness.
It is the fundament of these kinds of
contracts. Because you are going to have
a contract for a very long period.”

— Case E: PSSP

2)“Ifit's only 1, 2 or 3 euros per month,
then it’s explainable, because you

get a higher quality, you get a higher
percentage of availability. You are saving
up for a new elevator in 40 years. So
that’s normal, that’s acceptable. That’s
what we can explain. If it’s 20, 30, 40
euros per month, then they’re just not
taking it. And then we have a bigger
problem. [...] We have a large quantity
of elevators; we have a lot of houses to
divide the costs over. So, that’s why it’s
only a few euros. Because you normally
also pay for the maintenance. So, that’s
already in it. So, the only extra costs that
you get is the main investment. And if
you spread it out over 20 or 30 years,
over 500 dwellings, then it’'s okay. It’s a
few euros. If you have the same system
in an apartment complex of only 50
houses, then you are getting on a scale
that it’s not really affordable anymore.”
— Case E: HP
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Challenges when using PSS

The HP faced challenges regarding 1) the
complexity of the contract required approval
from multiple stakeholders within the
development, additional input from the HP’s
legal team, and more time than a traditional
contract, 2) the impact of the PSS on the
general contract’s profit, and 3) the HP’s
reluctance to have confidence in the PSS.

1) “Everything was new, and not only
for us, but also for our investor, and
also for [PSS PROVIDER], and also for
the contractor. And all those parties
had their say in the contracts. [...] So,
I think there are four or five contracts.
And there’s also three-way contracts
to manage all this. [...] So, our lawyers
had a big job about it, just to manage
everything because it was new. [...].
So, because we were the first, it was
challenging. But yeah, that’s one only
one time.” — Case E: HP

2)”If you have the traditional way, then
usually the construction company was
our client. And they earn money buying
elevators and having some margin on
it. This product-as-a-service models
create for them a lack of income. So,
for them, it’s rather difficult. But still
because we are in contact with them
and because we are talking about
other aspects than the elevator, we are
talking about building logistics, etc. We
can create some margin for them in a
building. So, although it’s a new kind of
income for them, we can make sure that
they earned their money already.”

— Case E: PSSP

3) “They’re afraid of a long-term
contract, because they think, “Ahh 20
years is a long period. Who knows what
then? Do still exist as a company in 20
years?” These kinds of questions. And
also, “If 'm not happy with you in the
period between now and 20 years, how
can we deal with that?” Etc. These kinds
of questions.” — Case E: PSSP
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1. Individual Analysis of Demand + Supply Cases

Future use of PSS by Housing Provider

When asked if the housing provider will
continue working with the PSSP in future
projects, they responded:

“I think it depends on the project. As |
said, this is a really big project with a lot
of elevators, with a lot of houses, then

it can be a solution. If it’s getting too
small, then you shouldn’t do it because
it’s too much cost for your buyers. [...]
But if you have a smaller project and you
have an investor then maybe they say,
“Oh, I think it’s okay. Because | know for
sure that the quality keeps high.” So, |
think that it’s not going to be a standard
for projects, but | think that we will see
at which projects it’s convenient and at
which ones it’s not.”— Case E: HP

Words of Advice from Housing Provider

Additionally, when asked about words of
advice to other housing providers who are
considering the use of PSSs, they said:

“Think about what it means for your
buyers, think about how they will react
to extra costs. So, it’s not only your
spreadsheet where you can cross out
some costs. On the other side, you have
your buyers and think about what is best
for them. And | think that, it’'s okay with
our project, it was a really big amount.
But that’s also why we could explain it
to our buyers. So, | think that’s the best
advice. It’s not always the best option.”
— Case E: HP
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Circular principles within PSS

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
via extending the lifespan of the elevator,

2) the product’s closing of loops via design
for disassembly and technological cycles,

3) the business model’s slowing of loops via
the exploitation of residual value, and 4) the
business model’s closing of loops via the use
of circular inputs.

1) “We are achieving a lifespan
expanding, because we use the

model, and we use the products and
components for a longer period. So, we
lower the exploitation costs by having
some intelligence in an elevator. And
that will help us in the circular economy,
that will help us extending the top of the
value hill.” — Case E: PSSP

2 + 4)“We have LCA and also Cradle

to Cradle document already fixed. And
we can establish approximately 90%

on reuse, and 10%, it’'s more on the
electronical parts, it’s hard to define the
band materials, it’s hard to define what’s
in it. So, that part, those 10%, we have
to be honest, that it is today hardly not
possible to create a take back and reuse
of the electronic parts. For steel and
that kind of parts, we can take it back,
we can reuse it. Let’s say if you have

an elevator up and running in between
guide rails, you can use these guide rails
in another project, in form and material,
asitis.” — Case E: PSSP

3) “And we are now just investigating
how can we create a residual failure

on these kinds of parts because in the
past, it was only on weight, on how many
kilograms of steel is in it, and now we
are aiming to implement better residual
value on these kinds of components to
create also the reverse logistics on that.
But it’s, it’s hard to come there. Because
people are more and more looking at, “In
19 years, the material and raw material
of metals are going in this way...” But I'm
sure if you have a new future, if these
materials are not available anymore,
they will become more expensive.”
Case E: PSSP
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Summary

In summary, the housing provider chose to
contract with the PSS Provider for a 30-year
contract. The Housing Provider (HP) is using
the PSS to 1) reduce the amount of capital
required for the initial investment in the
project, and thus to make it viable, and likely
preserve a profit margin for the developer.

Other advantages for the investor and
homeowners include 1) outsourcing the

risk and responsibilities of maintaining the
elevator, 2) achieving long term cost savings,
and 3) creating predicable costs over the long
term.

When analyzing the PSS, the HP compared 1)
the Total Cost of Use (TCO) with the Total Cost
of Ownership (TCO), as well as 2) the impacts
of the PSS on resident service fees.

In terms of challenges, the HP faced
challenges regarding 1) the complexity of
the contract, 2) PSS’s impact on the general
contractor’s profit margin, and 3) the HP’s
hesitation to trust in a long-term contract.

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
via extending the lifespan of the elevator, 2)
the product’s closing of loops via design for
technological cycles, and 3) the business
model’s slowing of loops via the exploitation
of residual value.



04. EMPIRICAL RESEARCH RESULTS 1. Individual Analysis of Demand + Supply Cases

Primary Drivers
Accomplish (more) scope without capital —@

Secondary Advantages

Achieve long-term cost savings

Outsource risk and responsibilities

Establish predictable costs

Analysis

Financial

PSS impacts on resident service costs

Contract complexity
Lack of confidence in PSS/PSSP

PSS impact on General Contractor’s profit

Circular Principles

Product: slowing loops

(long-life products, product life extension)
Product: closing loops

(designed for technological/biological cycles)
Business model: slowing loops

(exploit residual value)

Business model: closing loops
(industrial symbiosis, circular inputs)

Fig.4.16
Case E summary;
own figure .
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2.Cross Analysis of
Demand + Supply Cases

The cross-case analysis of the demand +
supply studies compares the similarities and
differences found within the individual cases
studies and the themes explored therein.

Figure 4.17 shows the findings from the case
studies and offers supportive reasoning for
the cross-case analysis. Each dot represents
a finding from an individual case, and the
filled areas represent the accumulation of
the findings across the cases.

The findings from the cross-case analysis can
be grouped into the following categories:

1) Drivers to use a PSS, 2) Other advantages
of using a PSS, 3) Analyzing the use of a PSS,
4) Challenges, 5) Circular principles within
the PSSs, 6) Additional Observations, 7)

Conclusions.
—Purchased Leased
input-based availability-based | usage-based
A B C D] E
Elevator Kitchen Window Battery Elevator
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04. EMPIRICAL RESEARCH RESULTS Demand +
Supply Studies

input availability usage
Primary Drivers [A][B ¢ DJ[E]
Secondary Advantages

Achieve long-term cost savings
Outsource risk and responsibilities

Accomplish (more) scope without capital

Prepare for changing regulations

Establish predictable costs

Enhance portfolio circularity

Enhance market appeal

Enhance building flexibility Q

Analysis

Financial

Risks and responsibilities

PSSP historic service performance

PSS impacts on resident service costs

PSS impacts on future building operations O

End-of-use scenarios ‘

Contract complexity O—~0O C
Lack of confidence in PSS/PSSP C

PSS impact on General Contractor’s profit O C
Demarcation of PSS O O
Product inflexibility O

Contract inflexibility O

Dissatisfactory service EL)
J

Incomplete service coverage
(unpredictable costs)

Circular Principles

Product: slowing loops

(long-life products, product life extension)
Product: closing loops

(designed for technological/biological cycles)
Business model: slowing loops :
(exploit residual value) Overweyv of
Business model: closing loops cross analysis of

(industrial symbiosis, circular inputs) demand + sgpply
cases, own figure.

Fig. 417
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2.1 Primary drivers to use a PSS
Achieve long-term cost savings

Long-term cost savings was found to be

the most important driver for the housing
provider (HP) to use the PSS. Four of five
cases noted this, and in the fifth, long-

term cost savings was considered to be an
advantage of the PSS. In Case B, the use of
a long-term (40-year) maintenance plan
made for an easy comparison of the PSS vs
the traditional ways of owning, maintaining,
and replacing kitchens. Cost savings are
accomplished by both the design of the PSS
(its increased efficiency as compared to
what existed before), as well as the PSSP’s
preventative maintenance which extends the
useful life of the product more than if the HP
maintained it themselves. In one case, the
long-term cost savings will not be captured
until new carbon taxes are established by
the government (see “prepare for changing
regulations” below). In all cases, the cost
savings are retained by the housing provider.

Outsource risk and responsibilities

In three cases, the outsourcing of risk and
responsibilities to the PSSP was found to

be a primary driver for the housing provider
(HP) to use the PSS, and in two cases, it was
considered an advantage. HPs are driven to
outsource risk and responsibilities for several
reasons. First, in cases A (elevator) and D
(battery), the HP aims to reduce liability on
technologies that pose a life-safety threat

to residents. Second, in case D (battery), the
HP also chose to lease the PSS to mitigate
the risk of investing in a technology that
depreciates in value faster than anticipated.
Third, in cases B (kitchen) and D (battery), the
HP is outsourcing risk and responsibility to
avoid hiring additional in-house personnel to
maintain and monitor the products.
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Accomplish (more) scope without
capital

In two of the cases, the HP was driven to use
the PSS in order to accomplish scope despite
a lack of capital. In case A (kitchen), the HP
used the PSS to take pressure of their budget,
and in case D (elevator), the HP used the PSS
to ensure their project was viable and would
in fact be constructed. In case D (battery),
accomplishing scope without capital

was considered an advantage because it
eliminated the need for a drawn-out approval
process, since no investment was needed.

Prepare for changing regulations

In one case, cost savings are not captured

in the present, nor in the immediate future,
but may be captured when new government
regulations establish tax penalties for raw
material extraction and CO2 emissions. Based
on the possibility of evolving regulations, the
HP is using the PSS to better understand how
a circular PSS effects their internal processes
and finances. If such regulations are putin
place, the HP’s familiarity with using circular
PSSs will position them to achieve cost
savings via reduced tax liabilities.
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2.2 Secondary advantages of using
a PSS

Establish predicable costs

In three cases (A, B, E), the PSS helps the

HP establish predicable costs over the long
term. No longer does the HP have to plan and
estimate how much money to allocate when,
as costs are predefined from the moment of
contracting. However, in case A, which is an
input-based PSS where the HP, as opposed
to the PSSP, is the owner of the product,
cost predictability is not guaranteed and
also serves as a challenge of the PSS (see
challenges: gaps in service coverage below).

Enhance portfolio circularity

In three cases (B, C, D), the HP considered
the use of the PSS an advantageous as it
increased the circularity of their portfolio,
which they view as a core value within their
organization. In cases B and C, the PSS has
specifically designed to achieve a very high
degree of circularity, however in case D, the
PSS exhibits very low levels of circularity (see
circular principles below).

Enhance market appeal

In two cases (B, D), the use of the PSS offered
the HP additional market appeal. In Case B,
the market appeal was associated with the
kitchen’s granite countertops, which the HP
could not afford to purchase, yet prospective
residents will likely value more. In case D, the
increased market appeal was associated with
the battery’s “showcase” quality that appeals
to the social housing association’s local
municipality and stakeholders.

Enhance flexibility

Only case C noted that the use of the PSS
afforded them increased future building
flexibility. Currently they are transforming an
office building to residential use, and they
believe that the building will likely change use
again in the future. Thus, they believe that
leasing the windows will allow for greater
future flexibility and adaptability within the
building’s facade.
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2.Cross Analysis of Demand + Supply Cases

2.3 Analyzing the use of a PSS
Financial

The HPs in all five cases conducted financial
analyses before contracting with the PSSP,
In case A, which is input-based, the HP
compared multiple bids for the purchase
and continued servicing of an elevator.
Thus, they compared multiple versions

of Total Cost of Ownership (TCO). In cases

B, C, D, and E, the HPs compared the TCO
with the Total Cost of Use (TCU). In these
cases, the financial comparison of owning
vs leasing the product takes into account
such aspects as the cost of capital, and the
tax depreciation of the product. In some
cases, such as monument buildings (case

B) or social housing associations (case D),
the HP can borrow money at a lower interest
rate than the PSSP, meaning leasing may be
financially disadvantageous since the PSSP’s
commercial finance rate will be embedded
in the PSS financial structure. In case B, the
HP due to their lack of capital, opted for a
lease-to-own contract in which they own the
kitchens after five years of payment. The HP
did this in order to get the asset value of the
kitchens onto their balance sheet to capture
the tax depreciation benefits of ownership.
Otherwise, the tax depreciation would be
associated with the PSSP’s balance sheet,
as the product’s asset value can only be
accounted for once.

Risks and responsibilities

Three of the cases (B, C, D) used a risk
analysis to assist in their decision making. In
these cases, the HP choose to use the PSS
as itis the PSSP who takes almost all of the
risk associated with the product. In these
cases, the PSSP finances, installs, maintains,
and eventually takes back the product at its
end of use. In case D, the PSSP also operates
and monitors the product during its useful
life. While owning the battery offered the HP
larger costs savings than leasing, the higher
risks associated with ownership outweighed
the financial benefit, which led them to lease
the battery.



PSSP historic service performance

In two cases (A, D) the HP reviewed the PSSP’s
historic performance when considering

the use of the PSS. In case A, the HP was
renewing the service for another contract
period, while in case D, the HP was initiating
a lease, after a successful pilot projectin
which the HP purchased the product outright.
In the other cases, the PSS is especially

new, meaning there is almost no historic
performance for the HP to consider.

PSS impacts on resident service costs

In case E, the HP analyzed the impact of the
Elevator-as-a-Service on resident service
costs. In the Netherlands it is commonplace
for residents to pay monthly service costs
for the maintenance of common areas
within the building, such as hallway lighting,
elevators, and lobby floor maintenance. Since
the HP decided to lease the elevators with
zero investment, it means that residents
within the building will repay the value of
the elevator to the PSSP over the 30-year
contract period. Thus, when compared with
other rental homes in which the elevator
was paid for by the developer, the resident’s
monthly service costs will be proportionally
higher. Since it was a very large building
with over 400 homes, resident service

costs increased less than 10 euros per
month, which the HP deemed acceptable by
prospective residents. If the building were
smaller, and costs could be dived among
less homes, the HP may have deemed that
the service costs would increase to levels
unacceptable to prospective renters, and
thus would not have pursued the leasing of
the elevators.
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PSS impacts on future building
operations

In contrast with case C, the HP in case D
evaluated how the use of the PSS could
actually reduce the flexibility of their
building in the future. Since the battery’s
value proposition relies on reducing the size
of building’s electrical grid connection, the
building is less capable of converting to all-
electric heat pumps in the future, as these
actually require a larger grid connection. This
means in some of the HP’s buildings, the use
of the battery PSS was not suitable. However,
in other buildings, where a district-wide heat
netisin place, the battery, and the reduced
grid connection, are an appropriate solution
to increase sustainability and achieve costs
savings.

End-of-use scenarios

In case C, the HP considered what will happen
when the PSS reaches its end of use, as well
as what happens if the HP wants to end

the contract before the end of the contract
term. The HP and PSSP discussed multiple
scenarios that take into account a decreasing
residual value over time. The HP noted that
the PSSP would buy back the windows for a
higher value at year 10, than at year 20, for
example. Should the contract be renewed

for another period, the PSSP noted that

they would likely not pay the HP to take the
windows back, as the transaction costs would
be quite high to remove, remanufacture, and
re-install the 2nd version of the windows.
Thus, the end of use scenarios are loosely
defined in the present, and will be further
refined in the future.
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2.4 Challenges

Complex contracts

Three cases (B, C, E) noted that the PSS
leasing contract was more complex than a
traditional contract to purchase the product.
The complexity of the contract required
additional time, and additional legal input,
both from the PSSP and the HP. In case E,
the HP noted that the first time they contract
for the elevator-s-a-Service, it was a larger
than usual task for their legal department,
however, on subsequent projects, since the
contract is already established, it is no extra
work as the contract can easily be reused.

Lack of confidence in PSS/PSSP

Two cases identified that the HP’s distrust
and lack of confidence in the PSS and PSSP
served as a challenge to be overcome. In

case D, the HP did not believe that they could
instantly start savings money without any
upfront investment, and in case E, the HP was
hesitant about signing a 20-year contract and
was worried about what would happen if the
PSSP were to go bankrupt during the contract
period.

Demarcation of PSS

In cases A and D, the demarcation between
product and infrastructure served as a
challenge. In case D, the length of battery’s
AC cable was a topic of discussion, as it was
not clear to the HP that the PSSP would

only cover the cost of the first 10 meted

of cable. Since that discussion the PSSP

has updated their contract to make the
demarcation clearer, thus, this challenge

may not be relevant to future customers.In
case A, however, the demarcation between
product and infrastructure is variable on each
installation of the elevator. Since it is a partial
replacement of the elevator, the HP must
make a decision as to what will be replaced,
and what will remain. Thus, the demarcation
is a recurring issue within the PSS.
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2.Cross Analysis of Demand + Supply Cases

PSS impact on General Contract Profit

In two cases (C, E), the use of a leasing model
reduces the general contractor’s (GC’s) profit,
as they are no longer the contracting party
for the products. In case C, the HP decided

to pay the GC their typical profit margin

on the windows in order to avoid lengthy
negotiations that could have delayed the
project. This essentially means that they paid
for the contracting of the windows twice,
once to the GC, and once for the time it took
their staff to manage the contract with the
PSSP In case E, the HP and PSSP noted that,
while the GC’s profit is reduced, so is their
risk, as they are no longer responsible for the
inspection of the elevators within the project.
The PSSP in case E also noted that the GC
can still capture some value due to their time
spent on site logistics and coordination of the
elevator PSS.

Product Inflexibility

In case A, the HP noted that the kitchen PSS,
due to its especially high degree of circularity,
is less flexible than a tradition kitchen. Since
the PSSP needs to keep their kitchens as
modular as possible, they are not able to
accommodate unique site conditions such as
custom millwork, or non-perpendicular walls,
as these will likely result in wasted material
at the end of the kitchens useful life.

Contract Inflexibility

In case D, due to the strict requirements of
the PSSP’s investor, the contract was not
flexible. Typically, the HP, when contracting
with parties, includes their own general terms
and conditions at the front of all contracts.
In this case, the investor would not allow the
PSSP to alter the contract, which resulted

in several rounds of lengthy negotiations.
Eventually, the contracting inflexibility was
solved with addendums that included the
HP’s general terms and conditions.



Dissatisfactory Service

In case A, the HP noted that they often have
to call the PSSP several times and almost
convince them that service is indeed needed
at their building. Also, the HP noted that

the PSSP often performs service as fast as
possible to reduce their own costs, which
they believe reduces the quality of the repair
work.

Gaps in Service Coverage (unpredictable
costs)

In case A, gaps in the service coverage

create unpredictable costs for the HP. The
evolution of computer hardware technologies
sometimes makes the already-installed
components within the elevator obsolete.
When this occurs, the PSSP charges the

HP for the replacement of “obsolete”
technologies, which is often a large expense
that the HP had not planned for. Additionally,
since the PSSP does not take responsibility
for all components of the elevator, due to
parts of the elevator that are considered
infrastructure (HP’s responsibility) instead of
product (PSSP’s responsibility), the HP must
cover these costs when they arise.
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2.5 Circular principles within the
PSSs

Product: slowing loops

The product’s ability to slow loops is
associated with its ability to receive
preventative maintenance that can extend
its useful like as long as possible (Bocken et
al., 2016). In four of the five cases, the PSSP’s
preventative maintenance planis intended
to extend the product’s lifespan. It was only
the battery PSS that did not make note of
preventative maintenance extending the
product’s lifespan. This may be due to the
limitations of the technology and its relatively
fast degradation.

Product: closing loops

The product’s ability to close loops is
associated with its design for disassembly,
and design for both technological or
biological cycles, which allow for the
components and raw material within the
product to easily be used in a future process
(Bocken et al., 2016). In three of the cases,
the product is specifically designed for
disassembly. Only in cases A and D are the
products not designed for disassembly from
their conceptual phase.

Business model: slowing loops

The business model’s ability to slow loops is
associated with the exploitation of residual
value, which helps ensure that the raw
materials will be used to their maximum in
order to reduce unnecessary costs (Bocken
etal., 2016). In four of the cases, the PSSP,
and the business model of the PSS, are
specifically aware of the residual value within
their product. While many of them cannot
use the residual value of the products to their
advantage today (based on the limitations

of residual value calculations within the
financial industry, as only the raw material
can easily be calculated), the PSSPs do
believe that their products retain significant
residual value that they will, in the future,

be able to use to their advantage when (re)
financing their PSSs. Only in case A, which

is input based, is the residual value of the
elevator not accounted for.
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Business model: closing loops

The business model’s ability to close loops

is associated with the business’s use of
residual outputs (waste) from either its own
processes, or those of another organization,
as new circular inputs for a new product
(Bocken et al., 2016). Only in two of the cases
(B, C) does the business model close material
loops and intentionally use circular inputs. In
case B, the kitchen uses residual output from
other industries (recycles materials), and in
case C, they plan to remanufacture 100% of
their own material into the next version of the
PSS.
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2.Cross Analysis of Demand + Supply Cases

2.6 PSSP incentives

There is a notable difference in the incentives
for the PSSPs between the input-based
elevator (case A) and the usage-based
elevator (case E). In the input-based elevator,
the PSSP is incentivized to continue the
sales of their product, as 66% of their
revenue is associated with the sale of the
original elevator (50%), and replacement
parts during its use (16%). Only 34% of

the PSSP’s revenues is generated by the
service component of the PSS. Thus, their
manufacturing department likely prioritizes
the sale of elevators over the replacement

of failed parts already in use. Additionally,
the PSSP does not receive any penalties

for elevator downtime or delays in repairs,
meaning they may not be incentivized to
respond quickly or ensure the elevator is
always operational. In contrast, the PSSP of
the use-age based elevator receives 100%
of their revenue from the servicing of the
elevator, as the HP pays no initial investment
for the elevator to be installed. Additionally,
the PSSP faces financial penalties if the
elevator is down more than once per year

or is down more than 0.002% of the year

(18 hours), meaning they are incentivized to
actively ensure the elevator is operational at
all times, without prodding from the HP. While
these cases show the difference in incentives
between input- and usage-based contracts,
it is difficult to gauge incentives and quality
of delivered service in the availability-based
contracts. While none of the available based
cases (B, C, D) include penalties for the PSSP,
the product remains their property, thus they
are inclined to perform the appropriate level
of service to maximize the product’s lifespan
and residual value.



2.7 PSS prerequisites

The value proposition of a PSS is thought to
be most applicable when the product requires
a high level of service or maintenance during
its lifespan (Kim et al., 2016), when the
product must undergo annual inspections or
monitoring (Raposo et al., 2013), or when the
product is often replaced before exceeding its
technical lifespan(TU Delft, 2020).

Within the four products studied across

the five cases, the elevator has the highest
degree of applicability to a PSS value
proposition. Elevators, with an abundance of
moving parts, require a high degree of service,
and, as an element of a building’s life-safety,
and must comply with annual regulatory
inspections. Kitchens, on the other hand, do
not require high levels of maintenance, nor
annual inspections or monitoring, but they
are often replaced before exceeding their
technical lifespans. Outdated kitchens can
drastically reduce the aesthetic quality of

a building, and thus the amount residents
are willing to pay for rent. As such, the HP in
case B noted that, based on their long-term
maintenance plan, the kitchens would likely
be replaced every 20 years. Lastly, the battery
required 24/7 monitoring to ensure there are
no fire hazards.

A product may also lend itself to a PSS value
proposition when the product is a new piece
of innovative technology that requires new
specialized expertise for optimized operation,
such as the battery. Lastly, the applicability
of windows to a PSS value proposition

opens grounds for a fourth reason to use a
PSS; reduced tax liabilities. If CO2 taxes are
in place and reach their maturity, the HP
believes it will be logical to procure building
elements as-a-service, despite relatively low
requirements for maintenance, monitoring
and inspection, based on their tax savings
ability. If correct, the use of a PSS value
propositions in the future may correlate

with high-tax building components, such

as those that are high-mass, or those that
are composed of rare materials, as they can
deliver the highest levels of tax reduction.
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2.8 Additional observations
Privacy and monitoring

In four of the five cases (A, C, D, E), the PSSP
conducts 24/7monitoring of the product.
The products (elevator, window, and battery)
are being monitored to enable the PSSP

to perform dynamic maintenance, or the
appropriate maintenance at the appropriate
time. Only in case C, the kitchen, is dynamic
monitoring not being utilized. In this case,
both the HP and PSSP noted that monitoring
of aresident’s kitchen infringes on their
privacy, as the data collected from a kitchen
is far more personal than the data collected
from a shared by many residents.

Future owners

In case E (elevator), the HP was required to
gain the approval of the building’s investor
in order to use the PSS. While it did not end
up being a problem for this project, it does
illuminate the fact that, if a building with a
long-term PSS is to be sold, the future owner
must take over the contract with the PSSP
or pay a penalty to end the contract. When
asked, the PSSP in case E noted that several
buildings with their Elevator-as-a-Service
model have already changed ownership and
have not caused any issues to-date.

Value co-creation

In several cases, value co-creation (Ng et al.,
2010) is evident between the HP and PSSP,
As evidenced in case B (kitchen), the PSSP
worked to create a new financial solution for
the HP to lease-to-own the PSS, in order for
them to gain the tax depreciation benefits.
In the same case, the HP and the PSSP are
co-developing the contract to include “law
of accession” clauses, similar to the legal
clauses found within the Circle Economy
Facade-as-a-Service (2020) whitepaper. In
cases Cand E the PSSPs are transparent
about their direct costs and profit margins,
which allows for the establishment of trust
between the parties.
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The term “lease”

The PSSPs in cases D and E both made
note of the negative connotations of the
term “lease” from the perspective of their
customers. They believe that HP’s respond
negatively to the term lease, thus they use
different language when marketing their
products.

‘About a year ago, we started noticing
that homeowners associations really
hate the word ‘lease; and we started
calling it ‘product-as-a-service’as well.”
— Case D: PSSP

“It’s far more than lease. So, we try to
avoid the word “lease” Lease is only
the financial component. If you have a
service level contract with penalties if
you do not deliver the service, that is

much more than just a lease.” — Case E:

PSSP
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2.9 Conclusions from cross-
analysis of demand + supply cases

The theoretical framework (figure 4.18)

has been further developed to incorporate
findings from the demand + supply case
studies. The results support the notion that
PSS value to housing providers increases in
the order of input-, availability-, usage-, and
performance-based PSSs.

Based on the cases, Housing Providers are
primarily using PSSs and contracting for
long-term service agreements for financial
and risk management purposes. The largest
driver to use a PSS was its ability to deliver
long-term cost savings when compared to an
alternative system. Secondly, the outsourcing
of maintenance and operations diminishes
the HP’s risk, and the unburdening of
responsibilities allows the HP to retain focus
on their core business. HPs also choose PSSs
due to their minimal, and sometimes zero,
upfront investment, which allows them to
accomplish project scope without capital

or financing. Lastly HPs are choosing PSSs,
specifically circular PSSs, to prepare for
upcoming government COZ2 tax regulations.
The use of a circular PSS will afford the HP a
reduced tax liability (long-term cost savings)
if and when the regulations are established.

HPs noted other advantages of using a PSS.
The long-term contracts help HP’s establish
predicable costs which helps with capital
planning. The use of PSSs also was noted to
enhance the material circularity of the HP’s
circularity. In some cases, the use of the PSS
offered the HP some added market appeal,
and even enhanced flexibility.

When considering the use of a long-term PSS
contract, HPs most commonly conducted
a financial analysis to review and compare
Total Cost of Use (TCU) with Total Cost of
Ownership (TCO). The risks associated with
ownership and in-house maintenance
responsibilities were also weighed.

When possible, HPs reviewed the historic
performance record of the PSSPs. In some
cases, HPs reviewed the impact of using

a PSS on resident service costs, building
operations, and the end-of-use logistics.



HPs faced challenges most commonly
regarding the complexity of PSS contracts, a
distrust and a lack of confidence in the PSS/
PSSP’s ability to deliver the promised value
proposition, unclear demarcations between

the PSS’s product and the HP’s infrastructure,

and the impact of the PSS on the General
Contractor’s profit. In some cases, HP’s

faces challenges regarding the inflexibility

of the product and contract, dissatisfaction
with the provided service, and gaps in the
service coverage which led to unforeseen and
unpredictable costs.

Among the PSSs studied, there is a wide
range of circular principles exhibited,
reinforcing the idea that a PSS is not
synonymous with circularity (Bluher et al.,
2020; Tukker & Tischner, 2006). Based on

van Ostaeyen (2013), the usage-based PSS
should have scored the highest, however, it

is two of the availability-based PSSs, both
specifically designed for circularity, that
exhibit all four circular principles (Bocken et
al., 2016). Pursuant to van Ostaeyen’s (2013)
framework, the input-based PSS scored
lowest, however, one of the availability-
based cases also scored equally as low. Such
results imply that, while the potential for
increased circularity increases from input- to
performance-based PSS, the reality of the
studied cases is far more variable.

There is a notable difference in PSSP
incentives between a usage-based PSS with
penalties for poor service vs an input-based
PSS with no penalties. In the former, rather
than the latter, the HP is far more likely to
receive higher quality services, thus the value
offered is largely increased.
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The applicability of a PSS value proposition
was expanded to include products with
innovative technologies that require new
and specific expertise to operate, as well as
products that, when regulations are in place,
will have high COZ2 tax liabilities.

Additional observations include, first, the
PSSP’s ability to monitor and operate the
PSS remotely illuminates the concern of
data privacy on PSSs that are specific to
individual residents. Second, the sale and
purchase of buildings with long-term PSS
contracts has already taken place several
times, as mentioned by Case E PSSP, In such
cases, the future owner can continue the
contract, or pay a penalty to terminate it
early. Third, in several cases value co-creation
was evident between the HP and PSSP who
were transparent and forthcoming with their
financial positions which helped the parties
establish trust and find a mutually beneficial
solution. Lastly, the term “lease” was
identified as having negative connotations
from the perspective of a HP, and thus

the term is replaced with other terms like
“Product-as-a-Service”, or “usage contract”
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2.Cross Analysis of Demand + Supply Cases

PSSs in Rental Housing

Building
component
prerequisites

Payment
allocation

Type of PSS

Value

Primary Value
Secondary Value

Value
Unsubstantiated

Building components that require:

1) intensive maintenance or frequent replacement, and/or
2) inspection or monitoring, and/or

) replacement before exceeding technical lifespan, and/or
)

)

advanced expertise to operate at promised efficiencies, and/or

3
4
5) large CO2 tax payments (when CO2 taxes are established)

>50% Product :
| , l

>50% Service

Purchased Typically Leased
I |

Input- ~ Availability-  Usage- Performance-
based based . based . based
Purchase Pay when Pay when Pay when building
building building building component meets
component with | componentis ¢ componentis . performance criteria
service contract : available used ‘
add-on

i
Qutsource Risk & Responsnb\lme
u

Achieve Long-term Cost Savings

Establish Predictable Costs

Stabilize Asset \/ialue

Enhance Reside:nt Satisfaction

Challenges

Unpredictable Costs

Partial Risk

Partially

Fig.4.18
Theoretical Framework adjusted based on findings
from Demand + Supply Study, own figure.
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3. Individual Analysis of
Supply-Only Cases

The individual analysis of each case consists
of the following parts: 1) case context, 2)
propositions offered by the PSS provider, 3)
drivers for the housing provider to use the
PSS, 4) other advantages of using the PSS, 5)
analysis of the PSS, 6) challenges faced, 7)
circular principles and 8) summary.
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Case F

Heat Pump

usage-based

Drivers for Housing Provider to use PSS

Strategic

+ Outsource Risk and Responsibilities
Financial

+ Achieve Long-term Cost Savings
+ Accomplish (More) Scope without Capital

Ownerofproo’uct B

Project Context Housing Provider Str'd‘fé‘gy
Installed During Long-term Ownership PSS Provider
System Replacement :
PSS Business Model PSSContract
27  100% v 15 X
Social . Serviceto “as-a-Service” . Year Law of
The (Affordable) | Product Business . Service Accession
Netherlands Apartments | Cost Ratio Model Contract “Work-Around”
PSS Design
Product Service

The product includes a high
temperature heat pump

Infrastructure

> Existing heating distribution
\ / system (storage tanks, radiators
and piping), as well as electricity

connections.

Fig.4.19
PSS Highlights
Case F, own figure.

In addition to financing,
service includes a
combination of pre-
planned and dynamic
loT monitoring: Service
includes all maintenance
and replacements.
Service also includes
resident administration.
The PSS provider is
responsible for all
billing and energy bill
administration, as well
as resident customer
service when they have
guestions about their
heating.
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Case F: Heat Pump
Context

e Building: located in The Netherlands,
Case F is the modernization of a
heating plant within a 27-apartment
social (affordable) housing building.
The existing combined heat and power
(CHP) gas boilers were replaced by new
electric heat pumps.

e Housing Provider: the Housing
Provider (HP), which is a Dutch Housing
Corporation (woningcorporatie) was
unable to participate in the interview,
however they are a long-term owner of
social (affordable) rental homes.

« PSS Provider: the PSS Provider
(PSSP) has been selling and leasing
their product for 2+ years and has
installed 3 centralized heat pumps
to-date.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
«  100% Investment with Service Contract
(No Buyback Guarantee)
PSS Provider is Owner of Product:
« Down Payment (Includes Installation
Fee), Recurring Service Payments
* No Down Payment, No Installation Fee,
Recurring Service Payments

3.Individual Analysis of Supply-Only Cases

Primary drivers for Housing Provider to
use PSS

According to the PSSP, the PSS was used by
the Housing Provider to 1) outsource the risk
and responsibility for the operation of new
sophisticated technology, and to 2) achieve
long term cost savings due to increased
system efficiencies. Additionally, since the
HP is required to reduce CO2 emissions of
their portfolio (via performance agreements
with each municipality), the HP chose to

use the PSS to 3) because it requires no
up-front investment. By not investing in the
heat pumps, the HP can use their capital to
invest in other sustainability upgrades, such
as solar panels or insulation, which further
help them reduce the CO2 emission of their
portfolio..

1) “The technology is more sophisticated
and getting the maximum out of it, the
maximum efficiency, mainly in our market
with heat pumps, etc. The technology is so
sophisticated that they want to outsource
the worries and the nightmares for next 15
years, for a certain price.” — Case F: PSSP

2) “We have integrated all the energy
flows, and we integrated many electricity
flows, where it was possible to reduce
the purchasing costs for electricity for
both organizations. [...] And the taxes are
better because we are consuming more
electricity on one master meter, instead
of two small meters. And then the total
price of electricity for both companies is
interesting.” — Case F: PSSP

@ Service @ Product

cost

10 15

Fig. 4.20
Case F payment proportions over time; own figure.

year
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3) “And now, by combining everything
together for one big electricity meter, it was
now possible for [HOUSING PROVIDER]

to install solar panels on the roof. So, they
can combine everything more together, and
make bigger steps for the sustainability. [...]
We provide our knowledge and information
to the housing owner, the housing
corporations to do another step like
isolation, other activities in the apartments
themselves. [...] We see that housing
corporations are willing to invest in the
isolation, because that’s really connected
to the structure.” — Case F: PSSP

who don’t have a lot of money. And this
battery doesn’t really fit in their own
strategy, in their own value proposition.”

— Case D: HP

Analysis Performed by Housing Provider

The PSSP provided the HP with 1) a memo
that included two financing alternatives
regarding purchasing the heating equipment
(TCO) vs procuring the elevator via an as-a-
service model (TCU). The HP also assessed

2) the risk associated with owning and
operating the heat pump over the next 15
years.

1) “It gives you both financial
information, and also the different
steps we use to go forward to make the
decision work.” — Case F: PSSP

2) “The first reaction was, “why can’t we
buy the system again, so then we own
the total system as we normally used to
own everything?” And then we showed
them the opportunities. And also, if you
want to buy the system, again, be aware
that you then have a lot of risks which
you don’t have at the moment. And then
they decided already after half an hour
discussion, “well, | think it’s better to
leave it the way it is and let’s see how we
can make steps in the sustainability™.
— Case F: PSSP

106

Challenges when using PSS

The PSSP stated that the primary challenge
was 1) the reluctance of the HP’s many
decision makers to trust in the PSS and
relinquish ownership.

1) “I think the main reason why people
are hesitant or reluctant to buy a
product-as-a-service is they think they
can do it themselves. And they think
“why should anybody else make money
with something which | have done over
the last 10 or 20 years?” Although on

the other side, they know that mainly

it’s a technology-based issue. [...] The
decision makers are not only the C-level,
because when there is resistance in

the other levels below, they’re not going
to make that decision in favor of you.

So, you have to work on all the decision
makers. And that’s, in the existing
housing markets, and existing buildings,
the main issue. There are so many
stakeholders, and everybody wants to be
Jjoined and connected and be convinced.”
— Case F: PSSP

Circular principles within PSS

The PSS unfortunately does not embody

any principles of circular products or
business models. While the PSSP will provide
preventative maintenance to the heat

pump, it is expected to be replaced within

15 years or less by another more efficient
product. Thus, the lifespan is not necessarily
maximized. Also, the manufacturer of the
heat pump does not intentionally design their
products for disassembly and technological
cycles. The business case of the PSS does not
make use of heat pump’s residual value, nor
of circular inputs.

“The last 10 to 20% of gas reduction

is quite expensive at the moment, to
reuse that last 20%, so let’s see what
new technologies will bring us’, and this
can be 15 years, it can be in 10 years.
So, we leave some space open for new
innovations. [...] And that depends on
the lifetime of the heat pump. In 15
years, then a new investment has to be
made for a new heat pump or another
system. We believe that 15 years is a
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good life span where also a lot of other
innovations and products are being
developed. And therefore, we think also
a housing corporation can decide after
15 years what to do next. [...] We work
with several suppliers for heat pumps.
And several years ago, | already asked
[HEAT PUMP MANUFACTURER], a

large company, can you provide us with
information about the material, which is
using your heat pump, and how it can be
reused in 15 years. {...] They have looked
at all the different materials, which
consist of the pump, and what can be
used after 15 years, how circularity
comes in and the reuse of material. And
we see that the value is very limited. It is
very difficult to take out the materials.
So, we've asked now, the heating the
suppliers, to make a system which can
be a modular system where you can take
out some blocks in 15 years and putin
back another, which they do, of course,
but they don’t do it with the vision of
how to reuse, for example, the structure
itself and put in a new software or a new
item.” — Case F: PSSP

Primary Drivers

3.Individual Analysis of Supply-Only Cases

Summary

In summary, the housing provider chose to
contract with the PSS Provider for a 15-year
contract that will likely be renewed. The
PSSP noted that the Housing Provider (HP)
is using the PSS to 1) outsource risk and
responsibilities, to 2) achieve long-term cost
savings, and to 3) preserve their investment
capacity for other sustainability initiatives.

When analyzing the PSS, the HP compared 1)
the Total Cost of Use (TCU) with the Total Cost
of Ownership (TCO), as well as 2) the risks
associated with owning and operating the
heating equipment themselves.

In terms of challenges, the HP faced
challenges 1) establishing support to use the
PSS across its many decision makers.

The PSS does not exhibit circular principles.

Achieve long-term cost savings

Outsource risk and responsibilities

Accomplish (more) scope without capital

Analysis

Financial

Risks and responsibilities

Lack of confidence in PSS/PSSP

Fig. 4.21
Case F summary;
own figure .
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Case G

PV Panels

usage-based

Drivers for Housing Provider to use PSS

Financial
+ Achieve Long-term Cost Savings
+ Accomplish (More) Scope without Capital

Project Context Housing Provider Strategy Owner of Product '
Installation of New Long-term Ownership PSS Provider
Technology :

PSS Business Model PSS Contract

100% v 20 X
. Serviceto “as-a-Service”: Year Law of

The Product Business Service Accession
Netherlands . CostRatio Model : Contract “Work-Around”
PSS Design Product

The product includes the
solar panels, mounting
structure, and all required
wiring.

Service

In addition to financing,
service includes a
combination of pre-
planned and dynamic

loT monitoring: Service
includes all maintenance
and replacements, and 24/7
monitoring to ensure PV
panels are working.

Infrastructure

Building with structurally-
sound roof, no asbestos and
Fig. 4.22 electrical connections that
PSS Highlights Case G, own figure. meet current building code.
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Case G: PV Panels

Context

e Building: located in The Netherlands,
Case Gis the installation of solar panels
on existing social (affordable) housing
buildings.

e Housing Provider: the Housing
Provider (HP), which is a Dutch Housing
Corporation (woningcorporatie) was
unable to participate in the interview,
however they are a long-term owner of
social (affordable) rental homes.

« PSS Provider: the PSS Provider
(PSSP) has been selling and leasing
their product for 9+ years and
has provided solar panels for over
22.000 affordable (social) homes.

Propositions offered by PSS Provider

The following propositions were offered by
the PSS provider. The housing provider chose
those in bold:

Housing Provider is Owner of Product:
«  100% Investment with Service Contract
(No Buyback Guarantee)
PSS Provider is Owner of Product:
* No Down payment, Installation Fee,
Recurring Service Payments

Primary drivers for Housing Provider to
use PSS

Similar to Case F, the HP is a social housing
corporation (woningcorporatie) that must

3.Individual Analysis of Supply-Only Cases

comply with energy efficiency standards
set by the government. Therefore, according
to the PSSP, the HP used the PSS because
1) it required zero investment and allowed
them to use their limited capital to invest

in other sustainability improvements. Thus,
the HP was able to accomplish a larger
scope than their investment capacity alone
could achieve. Additionally, the HP used the
PSS because of 2) its ability to achieve cost
savings for its low-income residents. Also,
the HP benefits from a small additional flow
of revenue form the PSSP, which reduces its
long-term administrative costs.

1) “Why do it via a lease and not buy

it yourself? Housing corporations can
borrow money, but to a certain limititis
guaranteed. So, they have low interest,
and if it is above the limit, you have to pay
a higher interest. And their budget, you
can only spend it once. So, measures or
an installation, but you cannot borrow

the same euro twice. But if we finance

it, it can speed it up, because there is no
budget limit. We can do it at whatever
speed is needed. [...] you can say you're
increasing the budget for the sustainability
and renovation. [...] they do it, because
they have a large stock, to reduce the
consumption of energy. So, insulation is
huge task that they cannot do both for the
same budget. [...] they have a lot of old
houses. So, there should be a sustainable
renovation, quality improvement, etc. Most
housing corporations do not have enough
money to do all of it.” — Case G: PSSP

2) “There is a cost reduction for the tenants.

@ Service @ Product

cost

10 15 20

year
Fig.4.23
Case G payment proportions over time; own figure.
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So, they have less money to spend to

their energy bills. So, they are already

the poorest people in the Netherlands,

so if they can save on their energy bill,

it's a benefit [...] How to reduce cost for
the tenants, because energy poorness is
increasing, and they have to do something.
[...] The most fair for the tenant is that

hey pays only for a generated or produced
kilowatt hour. So, if it is a kilowatt hour,

he has to pay 16 and a half cents, instead
of 23. So, he has profit,and if it is not
generated by the solar power, then he
doesn’t pay anything. [...] The resident only
pays for a produced kilowatt hour, that’s
the guarantee. [...] We call it an income for
their administration, for their risk, because
if the tenant is not paying, it is their risk. If
there is not tenant, it’s also their risk. They
have to do some administration. There’s
roughly 2% for administrative costs. That’s
an average. Sometimes they have 1%,
sometimes you have 3%. It could be minus
0.5%, it will be plus 5%.” — Case G: PSSP

Secondary advantages for Housing
Provider

An additional advantage for the housing
provider is 1) the outsourcing of all
monitoring and preventative maintenance
to ensure the PV panels are performing as
intended.

1) “All the service and monitoring are in the
contract. Because they pay 16 cents per
kilowatt hour, and that includes everything.
And we monitor via gross production meter.
Every house has a meter with a SIM card,

a GPS connection, and every day we know
from all 22,000 houses what is working
and what is not working. [...] So, if they
don’t work, it’s our problem. Because it’s
not a solar thing, it’s a technical problem.
So, we have to make sure that everything
is working. So, we are monitoring every

day, every installation [...] We monitor the
sun, we monitor what is the production,
and ifitis less, there could be a little bit of
deviation, say 5%, and if it is less than 95%
there is something.”

— Case G: PSSP
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Analysis Performed by Housing Provider

The housing provider reviewed 1) the historic
performance of the PSS provider, and 2) the
financial comparison of TCO vs TCU.

1) “They are looking around to see who can
do this the best. And then they search on
quality requirements, who is reliable? Who
is big enough? Who has done it before?”

— Case G: PSSP

2) “There’s no second [PSS PROVIDER] in
the Netherlands, so if they decide for lease,
they come to us, but we also offer them, if
you have enough money to do everything,
that you buy it. [...] And then we focus on
20 years, the total cost of ownership. If
they buy via a purchaser, they focus on

the short term, and then we are a little bit
more expensive, because, for instance, we
use micro inverters always, it’s a little bit
more. But on the total cost of ownership, it’s
cheaper.”— Case G: PSSP

Challenges when using PSS

According to the PSSP, the biggest challenge
faced when offering the PSS was 1) the
resident’s reluctance to trust in the PSS.
Without the written approval from residents,
the solar panels cannot be installed. Since
there is no investment for them, and only a
cost savings, many residents think it is too
good to be true.

1) “For the tenants, it’s too good to be

true. It’s really, because, we say “you have
no risk, and you save approximately, on
average 350 euros a year. You don’t have to
do anything. You just have to sign here. No
risk.” They don’t believe.” — Case G: PSSP

Circular principles within PSS

The PSS embodies the following circular
principles: 1) the product’s slowing of loops
by extending the elevator’s useful life via
preventative maintenance. Unfortunately,
the PSS does not embody other circular
principles. The product is not intentionally
designed for disassembly or technological
cycles, and the business case does not
capture residual value, nor make use of
circular inputs.
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1) “Either the solar panels are very

good, and everything is normal, so we

keep on doing it and make a buffer for
reinvestment. Or we reinvest exactly after
20 years, put new panels on, and everything
is continuing, or the housing cooperation
say’s “no its enough” They buy them do

the exploitation themselves. Everything is
possible.”

— Case G: PSSP

“Ifitis a technical problem, the solar
panels do not work anymore, and it’s really
bad. We have to remove them, then it’s
going back to the seller. And they have
to recycle it. There’s a general European
regulation, if you have a consumer or
whatever, if you have a toaster or a coffee
machine, it should be recycled by the
producer, and they can organize it, but in
principle it is their problem. [...] It will be
recycled here in the Netherlands. Because
it’s not quite useful to send it back to
China.”

— Case G: PSSP

Primary Drivers

Achieve long-term cost savings :I
Accomplish (more) scope without capital
Secondary Advantages

Outsource risk and responsibilities

Analysis

Financial

PSSP historic service performance

Lack of confidence in PSS/PSSP

Circular Principles

Product: slowing loops
(long-life products, product life extension)

3.Individual Analysis of Supply-Only Cases

Summary

In summary, the housing provider chose

to contract with the PSS Provider for a 20-
year contract. The PSSP noted that the
Housing Provider (HP) is using the PSS to

1) avoid investing in the solar panels and
preserve their investment capacity for other
sustainability initiatives (accomplish more
scope without capital), as well as 2) create
long-term costs savings for their for their
residents.

Another advantage for the HP includes 1)
outsourcing all monitoring and maintenance
responsibilities to the PSSP,

When analyzing the PSS, the HP reviewed 1)
the PSSP’s historic performance with other
customers, and 2) a comparison of Total Cost
of Use (TCU) versus Total Cost of Ownership
(TCO).

The largest challenge was 1) the resident’s
distrust in the PSS, as many residents
thought its value proposition was too good to
be true.

The PSS does not exhibit principles of
circularity.

66—o

o
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Fig. 4.24
Case G summary;
own figure .
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4. Cross Analysis of
Supply-Only Cases

The cross-case analysis of the supply-

only studies compares the similarities and
differences found within the individual cases
studies.

Figure 4.25 shows the findings from the case
studies and offers supportive reasoning for
the cross-case analysis. Each dot represents
a finding from an individual case, and the
filled areas represent the accumulation of
the findings across the cases.

The findings from the cross-case analysis
can be grouped into the following categories:
1) Drivers to use a PSS, 2) Analyzing the use
of a PSS, 3) Challenges, 4) Circular principles
within the PSSs, 5) Additional Observations,
6) Conclusions.

Leased

usage-based

F

Heat Pump

G
PV Panels
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Studies

Primary Drivers
Secondary Advantages

Achieve long-term cost savings
Outsource risk and responsibilities

Accomplish (more) scope without capital

Prepare for changing regulations

Establish predictable costs

Enhance portfolio circularity

Enhance market appeal

Enhance building flexibility

Analysis

Financial I:‘
Risks and responsibilities
—0

PSSP historic service performance

PSS impacts on resident service costs

PSS impacts on future building operations

End-of-use scenarios

Contract complexity

Lack of confidence in PSS/PSSP O—~0O

PSS impact on General Contractor’s profit

Demarcation of PSS

Product inflexibility

Contract inflexibility

Dissatisfactory service

Incomplete service coverage
(unpredictable costs)

Circular Principles

Product: slowing loops —Q
(long-life products, product life extension)

Product: closing loops

(designed for technological/biological cycles)
Business model: slowing loops .
(exploit residual value) Overweyv of
Business model: closing loops cross analysis of

(industrial symbiosis, circular inputs) supply-only cases,
own figure.

Fig. 4.25
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4.1 Primary drivers to use a PSS
Achieve long-term cost savings

In both supply studies, long-term cost savings
was found to be an important driver for the
housing provider (HP). In case F (heating),

the HP receives long-term cost savings by
replacing the existing gas-fired system with a
more efficient electric heat pump. The use of
the heat pump, as well at the integration of all
electricity flows, provides the HP with long-
term cost savings for electricity purchasing
costs. Additionally, the residents experience
long-term cost savings as their heating costs
will increase annually for the next 15-years

at the electricity indexation rate, which is
lower than the gas rate. In case G (PV panels),
cost savings is created for the residents who,
when using the PSS PV panels, pay only 16
cents/kWh, as opposed to 23 cents/kWh for
grid-provided electricity. This cost savings is
again generated by the increased efficiency of
the new system (PV panels), when compared
to the old system (municipal grid). In case G,
the HP also benefits from a small stream of
revenue, which reduces their administrative
costs. In both cases, both the residents and
HPs benefit from long-term cost savings.

Outsource risk and responsibilities

In case F, outsourcing risk and
responsibilities to the PSSP was found to be
a primary driver for the housing provider (HP),
and in case G, it was viewed as an advantage.
The knowledge required to achieve the heat
pump’s promised performance over a 15-year
period drove the HP in case F to utilize the
PSS, as opposed to own and manage the heat
pumps in-house.
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Accomplish (more) scope without
capital

In both cases, the PSS was selected over
ownership because it allowed the social
(affordable) housing HPs to accomplish more
scope without capital. Since they are under
pressure from their local municipalities

to meet performance agreements which
stipulate CO2 maximums for their portfolios,
the HPs must invest in building upgrades
such as increased insulation and windows,
new heating and cooling plants, and
renewable energy sources. Since they don’t
have the capital to accomplish all the desired
scope, the HPs used the zero-investment of
the PSSs in order to accomplish more scope
than they could otherwise afford.

4.2 Analyzing the use of a PSS
Financial

In both cases, the HPs conducted financial
analyses before contracting with the PSSP,
Since the HPs did not have the capital to
purchase the products themselves, they were
persuaded by the realization that the long-
term cost savings associated with the PSS
was more advantageous than not using the
PSS.

Risks and responsibilities

As previously mentioned, the risks associated
with owning the heat pumps in house (case
F) led the HP to use the PSS. The HP was

not confident in their ability to operate the
heat pumps and achieve their promised
efficiencies over a 15-year period, which led
them to outsource the task to the PSSP,

PSSP historic service performance

In case G, the HP reviewed the PSSP’s track
record at previous projects. They wanted

to gain confidence in the PSSP’s ability to
deliver the promised value proposition
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4.3 Challenges

Lack of confidence in PSS/PSSP

In both cases, the either the HP or the
residents displayed distrust in the PSS/PSSP.
In case F, the HP was reluctant to relinquish
ownership of the heating system, and in Case
G, the residents did not trust that they could
immediately start saving money, and thus are
reluctant to sign agreements with the PSSP,

4.4 Circular principles within the
PSSs

Despite both PSSs being usage-based, they
exhibit relatively low levels of circularity,
which is counter to the logic of van Ostaeyen’s
(2013) refined taxonomy. Only in case G (PV
panels) is the life span used to its maximum.
In Case F, the product may be disposed of
before it reaches its end of use, making it
essentially a throw-away technology. In both
cases, the product has not been intentionally
designed for disassembly or technological
cycles. Neither case has embraced circularity
in its nosiness model, as the residual value
of the products is not retained or used in
exploited in secondary uses, and neither
project business model makes use of circular
inputs.
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4. Cross Analysis of Supply-Only Cases
4.5 PSSP incentives

In both cases, as they are usage-based PSSs,
the PSSP is strongly incentivized to deliver
exceptional service. Only when the PSS is
operational and usable can they receive
payment, thus they are incentivized to
minimize downtime.

4.6 PSS prerequisites

In both heat pumps and PV panels, a high-
level of monitoring is required to ensure

the performance is delivered, which makes
them fitting products for a PSS value
proposition(Raposo et al., 2013). Additionally,
heating systems are required to undergo
annual inspections, which makes them even
more applicable (Raposo et al., 2013).

Both of the products, similar to the battery
studied in Case D, are new technologies that
require new forms of expertise to operate and
maintain properly, which help support this
reasoning.

4.7 Additional Observations

Privacy and monitoring

In both cases, the PSSP uses 24/7 monitoring
to operate their PSS. The monitoring of
someone’s thermostat or electricity usage
could easily pose privacy issues, however no
such issues were discussed by the PSSPs.
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4.8 Conclusions from cross-
analysis of supply-only cases

The theoretical framework (figure 4.26)

has been further developed to incorporate
findings from the supply-only case studies.
The results support the notion that PSS
value to housing providers increases in the
order of input-, availability-, usage-, and
performance-based PSSs. Similar to the
demand + supply cases, HPs were driven

to use a PSS to achieve long-term cost
savings, outsource risk and responsibilities,
and accomplish scope without capital.
Before signing long-term contracts, the HPs
conducted financial and risk assessments,
as well as reviewed the PSSP’s historic
performance record. PSSPs in usage-

based PSSs are strongly incentivized to
deliver exceptional service and minimize
downtime. A new finding in one case is the
direct interaction between the PSSP and

the resident. Case G highlights, for the first
time, the resident as a decision-maker, and
subsequently, the challenge of resident’s
distrust in the value proposition, and hence
reluctance to sign agreements with the PSSP,
Despite both PSS being use-age based,

they both exhibit few, and sometime no,
principles of circularity (Bocken et al., 2016),
again reinforcing the idea that a PSS is not
synonymous with circularity (Bluher et al.,
2020; Tukker & Tischner, 2006). Additional
observations include potential privacy issues
regarding the tracking of individual resident
behavior, and the strengthening of the idea
that products which require specific and new
expertise to operate may be good candidates
for a PSS value proposition.
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4. Cross Analysis of Supply-Only Cases

PSSs in Rental Housing

Building
component
prerequisites

Payment
allocation

Type of PSS

Value

Primary Value
Secondary Value

Value
Unsubstantiated

Building components that require:

1) intensive maintenance or frequent replacement, and/or
2) inspection or monitoring, and/or

) replacement before exceeding technical lifespan, and/or
)

)

advanced expertise to operate at promised efficiencies, and/or

3
4
5) large CO2 tax payments (when CO2 taxes are established)

>50% Product :
| , l

>50% Service

Purchased Typically Leased
I |

Input- ~ Availability-  Usage- Performance-
based based . based . based
Purchase Pay when Pay when Pay when building
building building building component meets
component with | componentis ¢ componentis . performance criteria
service contract : available used ‘
add-on

i
Qutsource Risk & Responsnb\lme
u

Achieve Long-term Cost Savings

Establish Predictable Costs

Stabilize Asset \/ialue

Enhance Reside:nt Satisfaction

Challenges

Unpredictable Costs

Partial Risk

Partially

Fig. 4.26
Theoretical Framework adjusted based on findings
from Supply-Only Study, own figure.
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5.Cross Case Analysis: All
Cases (Demand + Supply, and

Supply-Only)

When analyzing all cases by contract
duration and payment allocation over the
contract period, short contracts and low
percentages of service payments offer the
least value to housing providers, as both
reduce the risk of the PSSP. When contracts
are short in duration, PSSPs can redefine
services costs at each contract renewal,
and when PSSs are majority product-
related costs, they capture majority of their
payment value before delivering satisfactory

service. When contracts are long in duration
and majority service-rated payments, the
PSSP is incentivized to deliver continuous
satisfactory service in order to collect
payments over the contract duration. This
phenomenon is strengthened when the
PSSP exploits residual value, faces penalties
for dissatisfactory service, and offers their
solution via a usage- or performance-based
PSS.The contract duration and percent
service of all cases can be seen in figure 4.27.
The averages of each type of PSS can be
seen in figure 4.28. which demonstrates that
availability- and usage-based contracts tend
to be much longer in duration, and a higher
percentage of service-related costs, than
input-based PSSs.

34%

Fig. 4.27

Comparison of contract duration and % service of all case studies, own figure.

83% 96%

(o

97%

lclE[F]a
100%

Availability | avg. 26.6

[ input avg. 23

Contract
Duration (years)

avg. 34%
Fig. 4.28

Average contract duration and % service across all case studies, own figure.

avg. 94%
avg. 100%



05. DISCUSSION & RECOMMENDATIONS

Figure 4.29 abstracts the findings displayed
in figure 4.30 and displays them based on the
potential for each type of PSS to deliver value
to an HP. Congruent with theory, the value of
PSSs for HPs increases in the order of input-,
availability-, usage- and performance-based

PSSs.

5.Cross Analysis of All Cases

Figure 4.30 highlights the details of each case
which contribute to value offered, as well as
the challenges faced, by housing providers
using them. As is evidenced by the last row

of the figure, cases of a similar type of PSS
can offer varied levels of value to a HP. The
cumulative value is the sum of all primary
values, secondary values, challenges avoided,
and strong incentives for PSSPs to deliver
satisfactory service.

Purchased Typically Leased
Input- Availability- | Usage- Performance-
based based based based
Primary value delivered to HP by PSS
Potential for long-term cost savings
Potential for outsourcing of risk + artial
responsibilities P
Potential for accomplishing (more) scope o
without capital
Potential to reduce CO2 tax liability in unlikel
future (4 principles exhibited) y
Secondary value delivered to HP by PSS
Potential to establish predictable costs partial
Potential to enhance portfolio circularity unlikel
(4 principles exhibited) y
Challenges when using PSS
Tax disadvantages of leasing yes yes yes
Negotiations with General Contractor yes yes yes
Complex Contracts likely likely likely
Incentives for PSSP to deliver excellent service
Percent of payment remaining to be far less
captured after installation than 100%
Payment dependent on PSS being . .
operational
Payment dependent on PSS delivering . . .
functional demand (van Ostaeyen, 2013
Potential to exploit residual value no
Financial penalties if PSS is not functional | unlikely unlikely
Cumulative Value 4 8 10 11
Fig. 4.29

Potential of each PSS type to deliver value to housing providers, own figure.
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Purchased Leased
Input- | Availability- based Usage- Perfor-
based based mance-
based
Case A B Cc D E F G
PSS Elevator | Kitchen | Window | Battery Elevator E‘S?ntp PV Panels
Food Light +
Functional demand Vertical | Storage, & Electricity | Vertical | Thermal -
. Thermal Electricity
delivered by PSS Access Prep + Storage Access Comfort
: Comfort
Cooking
Primary value delivered to HP by PSS
Long-term cost savings | yes yes yes yes yes yes yes potentially
Outsourcing of risk + artial . . . - - es potentially
responsibilities P y y y y y y R
Accomplishing (more) I
no yes yes yes yes yes yes potentially

scope without capital

Potential to reduce CO2
tax liability in future (4 no yes yes no yes no no yes
principles exhibited)

Secondary value delivered to HP by PSS

Establish predictable

costs partial yes yes yes yes yes yes potentially
Enhance portfolio
circularity (4 principles | no yes yes no yes no no potentially

exhibited)

Challenges when using PSS

Tax disadvantages of

. no es es es es es es es
leasing y y y y y y y
Negotiations with no no es no es no no potentially
General Contractor y y

Complex Contracts no yes yes no yes no no potentially

Incentives for PSSP to deliver excellent service

Percent of payment

remaining to be o 83- o o 5 o o up to
captured after 34% 96% 100% 97% 100% 100% 100% 100%
installation

Payment dependent on

PSS being operational e e e e yes yes yes yes
Payment dependent

on PSS delivering no no no no no no no es
functional demand (van y
Ostaeyen, 2013

Potential to exploit o - . . . - - -
residual value y y y y y y y
Financial penalties if . . . . . "o no “otentially
PSS is not functional y e
Cumulative Value 4 9 8 8 10 9 9 11

Fig. 4.30
Value delivered to housing provider in each case, own figure.
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Based on the case studies, it is also evident
that the volume of building components
procurable by PSS type decreases from
input-, availability-, usage-, to performance-
based PSSs (figure 4.31). While only one
input-based PSS was studied, in theory,

all building components meeting the PSS
prerequisites can be sold with an additional
service contract add on. Building components
meeting the prerequisites that are
continuously available with unknown usage
can be offered through an availability-based
PSS contract. Even less building components
can be offered through a usage-based PSS,
as these components must have predictable,
intermittent usage for a PSSP to offer the PSS

on the market. Lastly, performance-based
PSSs are likely to exist in the least volume of
building components on the market. When
searching for case studies, none could be
found, however the availability-based window
PSS, serves as a rudimentary version of

what the PSSP aims to eventually offer as

a performance-based integrated-facade
PSS, complete with heating, cooling, and

5.Cross Analysis of All Cases

ventilation.
Purchased Typically Leased

Type of PSS Input- ~Availability-  Usage- - Performance-

based - based . based - based

Purchase Pay when Pay when Pay when building

building © building . building . component meets

component with . component is . componentis . performance criteria

service contract | available . used :

add-on :

Continuously Aggregation
Volume of Potentially available Building of building
building all building building components components
components components components with-predictable, : which deliver
rocurable b meeting with unknown intermittent functional

Eontract typg prerequisites usage* usage* demand*

*in addition to prerequisites

Fig. 4.31

Volume of market implements building components procurable by contract type, own figure.
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6. Expert Study Results

The findings from the expert study are be
grouped into the following categories: 1)
Trends fueling PSSs, 2) Barriers to PSSs, 3)
Reasons to use a PSS as a real estate owner,
4) Circular principles within PSSs, 5) PSS
prerequisites, 6) PSS impact on building
value, 7) Additional Observations, 8) Current
status of PSSs within the market, 9) Future of
PSSs, 10) Conclusions.
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04. EMPIRICAL RESEARCH RESULTS
6.1 Trends fueling PSSs

Delivering function via access instead of
ownership

The evolving trend of access over ownership
has proven viable in market sectors such as
Mobility-as-a-Service, Security-as-Service,
or Software-as-a-Service (SaaS),among
other ubiquitous as-a-service propositions
like Netflix and Spotify. Experts 2 and 4
stated that, in these propositions, the user
receives their desired utility or function
without necessarily becoming the owner of
the product. This trend has helped normalize
ongoing use-contracts instead of purchase
agreements.

“They say ‘why do | want ownership? |

want to have availability, | want to pay for
availability, | want to pay per use, maybe,
because ownership is not is not high on the
list anymore. [...] And these generations are
far freer in their mind than my generation.”
— Expert 2 Mark van Ommen (TNO)

“If I do that with a red camera, or a purple
camera, that’s not your concern, the only
thing you want is 24/7, you want to know
who goes in who goes out, or whatever.
[...] We felt that people didn’t want to own
security tools anymore, they just want to
use them. [...] We're stepping away from
ownership. And that might take a couple
of generations before you really step away
from that.” — Expert 4 Rick Ruisch (Een
Veilig Gevoel)

Circularity: material scarcity, CO2
emissions, and value capture

Growing awareness of humanity’s detrimental
impact on the natural world has led to the
development of the concept of circularity.
Expert 2 stated that circularity is concept
that can address the issues of raw material
scarcity and CO2 emission reduction, without
sacrificing financial value.

“When [ talk about circularity and circular
economy for build environment and
infrastructure, and the transition into a
circular economy is, when | really make it in
short, it comes down in these two domains
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to two topics in my mind. [...] The first one,
the scarcity of materials, raw materials in
the built environment and in infrastructure
is not a really big problem. Because there
are not a lot of things used in these two
domains that really face scarcity, that
really face ending before the end of the
century. It doesn’t mean that we don’t need
to look at it. It also doesn’t mean that we
can forget it or take it lightly. But if you have
to prioritize, and then the second one, the
latter one, the environmental impact of all
the things that we do in these two domains,
and also outside, is more important. So,
when | think about circularity, | think about
value preservation. And so, the value of
products, the value of solutions, the value
of elements, the value of buildings, we
need to preserve as good as we can. And
we need to make sure that we do it in

an environmentally friendly CO2 neutral
way, we need to step towards the CO2
neutrality. So, those are the two biggest
issues | always keep in mind when | talk to
people or customers.” — Expert 2 Mark van
Ommen (TNO)

Evolving business models that link
ecological and business paradigms

New circular business models have made

it possible to reduce material consumption
while simultaneously capturing and retaining
additional value. Several experts (3,1,5) noted
that the business models have evolved over
the last decade and have even come from
other sectors such as Software-as-a-Service,
despite its lack of a physical product.

“But getting sort of the business paradigm
and the ecological paradigm together

was really hard, and people started,

‘okay, maybe this Cradle-to-Cradle thing
can bring us something’ But by the time
we started Turntoo, we saw that, after
about three years of working with Cradle-
to-Cradle, people were sort of getting
disappointed by it because they didn’t

see a real business advantage. So very
often, in the beginning, when | was telling
what we were doing, they said, ‘Oh, you
are developing the business-to-business
model for cradle to cradle: And well, you
could argue that in fact, | think the Cradle-
to-Cradle thinking is a really good design
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paradigm for the circular economy. But it
does lack the business side.” — Expert 3
Sabine Oberhuber (Turntoo)

“So, actually, one of the business models

in the IT sector is SaaS, Software-as-a-
Service. And, of course, that’s a lot of the
same points in SaaS we mentioned we are
facing in PaaS. So, the big difference is, of
course, the product itself is not a physical
product. [...] Software as a service has not
much to do with sustainability, of course, or
with circularity, but with PaaS it does.” —
Expert 1 Rob van Willigen (ABN AMRO)

“There are just like three reasons or three
parameters entrepreneurs are willing to
innovate or to change for. One, you can earn
money with something new. Two, you have
to change due to law and regulations. And
three, there are entrepreneurs with a huge
ambition. [...] So, you have entrepreneurs
who see, “OK, a circular business model or
a product-as-a-service, it can earn me a lot
of money. So, I'm willing to invest into that”.
— Expert 5 Jeroen Reumkens (Volantis)

Internet of things and big data

Expert 1 stated that sensor technology
has enabled PSSPs to collect 24/7 data
which enables them to perform dynamic
preventative maintenance. The use of such
data reduces their maintenance risks
when offering long-term contracts to their
customers.

"With Internet of Things, and with sensors,
etc., you can get a lot of information, a lot
of data, you can use, of course, for your
product and for your proposition. But also,
for maintenance, etc. So, you can see when
something’s going to be broke tomorrow,
for instance, we have a client with speed
gates, for parking places, the speed gates,
you know, them, they have a lot of sensors
in it, so they can see when it’s almost not
working anymore. Then they send a crew to
fix it before it even breaks. [...] All that kind
of information, you can get this information
because you are still the owner of the
product. | don’t know if you are always

the owner of the data, but you can get the
data and it’s very hard when you sell your
machine because there is no connection
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anymore.” — Expert 1 Rob van Willigen
(ABN AMRO)

6.2 Barriers to PSSs
Financing

Almost all of the experts noted financing as
a large barrier facing the growth of PSSs.
When financing PSSs, the residual value

of the product at its end of use is often

not calculable, at least based on current
accounting practices. Often the value of the
raw materials is calculated, but this is far
below the actual value of the product, as
the calculations do not take into account
the engineering and manufacturing value
embedded within the product. As such,
PSSs are not able to take advantage of their
residual value when they request financing.
Even if a manufacturer is confident there

is say, 30% residual value, they still need to
finance the product for 100%, as opposed to
70%. Additionally, banks and investors are
not yet looking at raw materials as an asset
on a company’s long-term balance sheet.

“One of the biggest barriers, of course,

it’s the financing part. So almost every
company who start with product as a
service mentioned financing as a big
problem. [...] When we want to finance

this business model, or clients with his
business model, we have to change a lot of
things of analyzing also. Yeah, for instance,
we don’t only look to the assets, but also to
the contracts for instance, and the residual
value, for instance, on the balance sheet,
all those kinds of things are difficult or
different compared to the normal linear
risk of a business model”. — Expert 1 Rob
van Willigen (ABN AMRO)

”I'think also about how we value

company companies, how analysts look

at companies. And | believe that maybe

at a certain point in time, analysts should
look at the risk profile of company if they
already have secured a certain asset base
in form of raw materials out there with
their clients ready to be reused. But that
requires a completely complete mind shift.”
— Expert 3 Sabine Oberhuber (Turntoo)
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Lack of government regulation

Expert 1 stated, based on the current lack

of legislation, that there is no penalty for
companies that use material and labor from
other parts of the world, despite the CO?2
emissions they create during transportation.
Put another way, the linear economy is
simply too profitable to warrant change
within companies. Thus, a company that
aims to develop a locally based circular PSS
is disadvantaged when completing with
global supply chains since they must pay
much higher local wages and material prices.
Expert 2 reinforced this concept, noting that
if companies were required to pay for the CO2
emitted during global transportation, they
likely would reconsider local production of
products.

1)” It is hard to compete with a company
who can import products from Asia with
cheap materials and with cheap labor
costs. And when you want to make a very
circular product, for instance, you produce
this in Holland, with high labor costs and
with quality materials, because you want
to make it circular, then the competition

is not the same, of course. And the reason
why it is possible to make cheap products
in Asia is because there is no legislation
about what kind of materials you use, or
we have no legislation in Holland for how
to pay people who are working in China,
for instance, human rights, all that kind of
stuff. So that’s one of the biggest problems
to get an honest competition.” — Expert 1
Rob van Willigen (ABN AMRO)

2)” The solution for that, in my mind, is to
balance or maybe add up the financial
costs for the transport of the containers
and add the environmental costs. Because
you pay X amount for the transportation

of the units, but you pay far more for the
environmental costs. They don’t charge you,
but if they would charge it to you, you would
never to do it. — Expert 2 Mark van Ommen
(TNO)

6. Expert Study Findings

6.3 Reasons to use a PSS as areal
estate owner (Drivers/Advantages)

Achieve long-term cost savings

When discussing the potential of long-

term cost savings, Expert 2 noted that it is
imperative to consider who is capturing the
financial value, and when. The value can be
captured by either the Housing Provider, PSS
Provider, or resident, or perhaps all three
collectively. Additionally, long-term cost
savings can be created by the residual value
of the PSS at the end of its contract period.
When preventative maintenance is performed
to preserve the product’s residual value, the
PSS can be offered to the HP for a reduced
amount, therefore creating cost savings for
the HP,

“1) And it’s really good to keep in mind, but
from what perspective are you looking at
the topic? Are you from the building owner,
from the supplier, from the tenant? So,
who, can grasp what value, when?[...] And
it has residual value, financial value, that
could be 50%. So, you don’t write it down.
Maybe accounting wise you write it down to
zero. Because accountancy, we need to talk
about that as well. But he doesn’t write it
off in his mind. And in his books, he writes
it down to 50%. Because after 20 years, it’s
still 50% of the value. And that’s a financial
trigger for him to offer you a really good
deal on the elevator” — Expert 2 Mark van
Ommen (TNO)

Outsource risk and responsibilities

Similar to the case studies, PSSs are used in
order to outsource risk and responsibilities,
and in order to guarantee that desired
performance or utility will be delivers at all
times. Counter to the benefit of long-term
cost savings, Expert 4 stated that consumers
are willing to pay a premium to diminish risk.
Expert 5 noted that and advantage of using
a PSSis that it allows a company to focus on
their core business.

“So, in other words, if | tell people, “hey, by
paying 50 euros a month, [ take away your
problem. From that moment on, you don’t
have to worry about the camera anymore,
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there will always be a camera, and it’s
always working” Because, apart from this
money thing, we added the fact that we
monitor the cameras. So basically, every
day, 24/7, we make sure that the cameras
working and that you get the image you
want. [...] So, people, if | tell them what we
work with, they say | can buy that easily

at one of the convenience stores or the
building supply markets, whatever. It’s
much cheaper money. | say it’s true. But be
aware, if you spend 1000 euros now. And
next year, you have to spend another 1000,
and you don’t know if it’'s working, etc., etc.
You're better off paying me on a monthly
fee, which is of course at the end of the 60
months, you paid more than the cheap set
you bought at the store.” — Expert 4 Rick
Ruisch (Een Veilig Gevoel)

“They just want to do their core business.
And whenever they can switch from capital
expenditures to operational expenditures,
and they just pay us a lease fee. Then they,
yeah, of course, they have more time to
focus on their core business and to do what
they’re good at and what they’re supposed
to do of course. So, in that way, it's a big
win for customers as well, in my opinion.
And yeah, as | said before, it’s just a part

of carefree services, actually. You just

want to use it. And you don’t have to own it
necessarily” — Expert 5 Jeroen Reumkens
(Volantis)

Accomplish (more) scope without
capital

Experts 2 and 4 stated that, since many

PSSs do not require any down payment, it
allows businesses to accomplish more scope
without necessary capital. If enough CAPEX
value was to be removed from a development,
it could even allow a real estate owner to
purchase additional properties and thus
expand their portfolios.

1)”If you don’t have to buy the facade, but
pay a monthly fee, depending on your own
financial situation, as a real estate owner,
or investor. What do you have your own
cash position? Do you finance it by your
own account? Or is it an investor or a bank,
etc.”? Together with the current interest
rate? That's really important factor as well.
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So, if you would lease the facade and use
that money to buy another building, then
you make good use of it. [...] Take that
money, use that money to buy the building
next door.” — Expert 2 Mark van Ommen
(TNO)

“With less money, you can do more. So
basically, if you're a builder, you can build
more buildings if you don’t spend money
on all the things you can outsource. So, the
possibilities for the builders, is of course,
to own more buildings with less money.” —
Expert 4 Rick Ruisch (Een Veilig Gevoel)

Prepare for changing regulations (CO2
taxes on the horizon)

Two experts (1,2) stated that the use of PSSs
will allow existing businesses to prepare for
upcoming Dutch tax regulations that will
penalize CO2 emissions. The use of a circular
PSS, based on its reduced tax liability, will
benefit both producers of products, such as
facades and elevators, as well as the real
estate organizations who use such products.

1) “The Dutch government signed to be
circular in 2050. We signed this contract,
like most of the countries in Europe,
because a lot of primary raw materials are
ending worldwide. So, this is, of course, the
main reason, and so when you are prepared
before legislation will come, because | think
it will come, when you are prepared as a
company, you'’re are a step forward.” —
Expert 1 Rob van Willigen (ABN AMRO)

2)” So that’s another trigger, another
motivation to use this model, to avoid
taxes on COZ2. [...] he wants you, as a
customer, as a real estate owner, | want
you as my customers. So, | want to make it
as attractive as possible for me to install
the facade on your building. [...] You will
avoid these taxes as well, for the major
part. So that’s an important trigger, what
will happen in the near future for these
Product- as-a-Service providers [...] And
then comes the COZ taxes within the next
couple of years. And that’s going to be a
very good driver, and it will speed up things.”
— Expert 2 Mark van Ommen (TNO)
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Enhance portfolio circularity

For real estate organizations who aim to
reduce the CO2 footprint of their organization,
Expert 2 stated that the use of a PSS can help
achieve significant savings. The idea being
that, when the PSSP retains ownership of
their products, they will be incentivized to
maximize material reuse to minimize the need
to purchase more raw materials.

1) “We do a lot of work for Rijkswaterstaat.
And they are now into tendering roads for
companies for them to install, but also

keep ownership, do their maintenance,

and remove it in 15 years, because that’s

a bit of the normal and average lifespan

of an asphalt road. And why do they do
that? Because they want to create a

better surface, a better product, both in
functionality, safety for everyone, for you and
me to drive on, and they want to have lower
impact for the environment, because in
2030, they want to be without any waste and
reduce 50% of COZ2. So, because of these
targets, they think about why do we need to
buy roads? Why do we need a contractor?
And why do we want to stay ownership?
Because if the contractor does the roads,
based on environmental costs indicators,

he is then going to make sure that he is
providing a very good road, being a very good
house father to the road, and knows that
after 15 years, he makes it in a way that

he can take it back and reuse it 100%. So,
there’s a benefit for both.” — Expert 2 Mark
van Ommen (TNO)

Enhance market appeal

Expert 2 also stated that the use of a PSS,
and the incentives embedded within it, could
lease to increased market appeal. Since the
PSSP aims to retain as must residual value
as possible, they are incentivized to provide a
high-level of preventative maintenance which
keeps the product looking new.

1)” Because the owner of the facade has an
incentive to be really a good house father
for his own facade. [...] And if you do that,
you have a really good facade and building.
The curb appeal, as the English say. The
curb appealis really high, is really good.” —
Expert 2 Mark van Ommen (TNO)

6. Expert Study Findings
Enhance flexibility

Expert 1 stated that, when PSS contracts
reach their end, the real estate owner is
afforded the flexibility to change service
providers or upgrade to a better product
without necessary investment costs.

1) “Because you have a contract - you

don’t own it. So, you can at the end of the
contract, you can say: “I'm not quite happy
with it, or it costs me a lot of energy still, so
I want to switch to another brand.” This is
much easier than when you are the owner,
of course. Because then you have a lot of
costs. So sometimes flexibility may be also
an advantage.” — Expert 1 Rob van Willigen
(ABN AMRO)

6.4 Circular principles within PSSs
Product: slowing loops

The high-quality design of a product can
maximize its lifespan, thus keeping the
inherent raw materials in use for as long as
possible.

“So, when you have a good product and you
have a good design, etc. And you can rent it
out for much longer periods, so you can earn
more money. So that’s also be an advantage.”
— Expert 1 Rob van Willigen (ABN AMRO)

Product: closing loops

If a product is designed for disassembly from
concept phase, Expert 5 noted that the raw
materials can easily be retained when the
product reaches its end of life.

“If we can design that installation from
scratch, we can as well think about
disassembly of the materials as well. —
Expert 5 Jeroen Reumkens (Volantis)

Business model: slowing loops

The exploitation of a product’s residual value
allows for prolonged value capture, as noted
by Experts 2 and 3. When the products are
maintained properly, they can be exploited
multiple times with less costs than producing
an entirely new product.
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“We did the residual value calculation. [...]
So, they come every year, every five years,
every 10 years, a bunch come back, they
refurbish, and they go out again. They really
think about the design, about materials
choices, about maintenance, in order to
keep this residual value as high as possible,
because that’s their business model. And
we did the calculation, and it was really
good and surprising in a positive way, their
residual value, how they go about it, so we
can learn from them.” — Expert 2 Mark van
Ommen (TNO)

“Frans van Houten said I'm really intrigued
by this business model, because it allows
me to sell my product twice’ So, | think
that’s really capitalizing on the quality of
your products and making sure that you
are able to capitalize on the secondary or
maybe even third market opportunities
which are out there. — Expert 3 Sabine
Oberhuber (Turntoo)

Business model: closing loops

A PSS also have the ability to make use

of residual outputs from either its own
processes, or those of other companies. This
can result in the use of secondary materials
which again reduce production costs and the
need for continued resource extraction.

‘And it is also sometimes also cheaper
because you are using secondary raw
materials. Actually, your own products who
are getting back to you. And sometimes,
not always, but sometimes it’s cheaper
than buying new primary raw materials.
And, when the raw materials are scarce,

it will be more expensive, the primary raw
materials and so when you get your own
materials back, you can use them instead
of buying scarce materials. So, this is also
an advantage.” — Expert 1 Rob van Willigen
(ABN AMRO)

6.5 PSS prerequisites

Expert 3 doubts that PSS value propositions
will be applied to all products within a
building, noting that the level of service
required, or perhaps the rate of replacement,
makes some product more applicable than
others. For products that require no service

128

and last a long time, perhaps ownership
remains a better procurement model.

“I'm doubting whether they are being
applied to everything which is really part of
the building. So, facades, well every elevator
maybe because there’s still a huge service
element because | think, also a question,
where does it make sense and in which part
of the building do you have really a service
element? So, when it comes to leasing
walls as a service, or bricks as a service. |
don't think it really makes sense. [...] And

I think that also a time element to it. So,
there is something like either innovation or
tear or whatsoever. [...] Everything which
I’'m using and which | know is influenced by
technology, by innovation, by tear and wear,
which is a sort of technical device, that |
don’t have any emotional attachment for,
that’s perfect for as-a-service.” — Expert 3
Sabine Oberhuber (Turntoo)

6.6 PSS impact on building value

Several experts (1,2,3) noted that it remains
unknown how a building’s value will be
impacted by the use of PSSs. Expert 1 noted
that there is likely a difference in building
valuation, as the tax liabilities associated
with interest and deprecation will be
different on a building that does not own all
of its installations. Experts 2 and 3 noted
that, while it still remains unknown, they
believe that the use a PSSs within a building,
due to their high degree of preventative
maintenance and high-quality design and
materials, may positively impact a building’s
overall valuation.

“What is the value of the building without
all these installations? And that’s a
question | have no answer on because |
didn’t speak with an appraiser who can tell
me what the value of a building is without
all the installations, because they are
renting them. And | don’t know for sure if
itis a disadvantage, because it could also
be an advantage, of course. So, when you
want to sell your building, you can also

sell all the contracts, all the subscriptions
together with it. [...] Instead of interest and
depreciation, you have to pay the contracts
and the subscription. [...] So, at the end,
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maybe it’s as cheap or as expensive? |
don’t know. But really, | think there is a tax
difference between interest on a mortgage
and a subscription model, of course.” —
Expert 1 Rob van Willigen (ABN AMRO)

“What I think, is that it will certainly

not influence the value of your building
negatively. So, it will probably be positive,
because this facade you're talking about,
this will be taken care of really, really good.
Better than if you would own it yourself.
Because the owner of the facade has an
incentive to be really a good house father
for his own facade. [...] And if you do that,
you have a really good facade and building.
The curb appeal, as the English say. The
curb appealis really high, is really good.

It doesn’t negatively affect your building. |
would say the other way around, actually.
[...] But on that topic, | think banks and
accountancy firms need to make a couple
of steps, because you’re not we're not there
yet.”— Expert 2 Mark van Ommen (TNO)

“l would argue, yes, probably what you
would have, instead of depreciations, you
would have monthly or yearly bills for the
use of the facade. So, probably, from a
total cost of ownership perspective, this
building is even cheaper to run, because it’s
made of better materials, higher quality. So
probably, | would assume that the quality
of the building would be higher, enhance
the value.” — Expert 3 Sabine Oberhuber
(Turntoo)

6.7 Additional Observations
Future owners

Expert 1 stated that the sale/purchase of
building with long-term PSS contracts in
place should not serve as anissue, as the
concept of chain liability is commonly used in
business-to-business transactions.

“In the business to business there is a chain
liability, do you know what | mean? So when
you for instance, when you have a BV, with

a building in it, on the balance sheet, and
you sell your BV, so you sell your limited with
your building on the balance sheet, then all
the contracts are going on, are doesn’'t stop
when you sell your entity. In Dutch it’s called

129

6. Expert Study Findings

“ketenaansprakelijkheid”. So, chain liability,
it's called. So, all the contracts, also rent the
contracts are going on. They don’'t they don’t
stop when you sell your property.[...] So, all
the contracts, all the subscription models you
have for your installations, they automatically
go to the new owner.” — Expert 1 Rob van
Willigen (ABN AMRO)

6.8 Current status of PSSs within
the market

Market share

Expert 1 stated that currently PSSs only
comprise a small share of the overall market
of products being offered to consumers, as
most products are still purchased instead of
leased.

“It's very small, the market is very small for
this kind of products, and | think the coming
years, it will grow very fast. But it would be
still a very small part of the total market
within the coming years. Maybe when the
government starts with regulation from
Europe or from the Dutch government, then
it will increase. But until that time, | think it
will only be the companies that want to be
circular or the companies who can start a
very good earning model.” — Expert 1 Rob
van Willigen (ABN AMRO)

6.9 Future of PSSs
Growth potential

Once legislation is in place to tax
transportation CO2 emissions and raw
material extraction, the PSS business model
will become more and more widespread.
This will be further fueled by businesses that
realize they can capture prolonged value by
converting to a leasing model. PSSs have
been seen to grow in size, as now facades
and roads are being offered as-a-service,
showing that the scale of the product is

not necessarily an issue. Additionally, PSSs
will likely continue to grow in unison with
expensive equipment, since the as-a-
service proposition eliminates the need for
investment capital.
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“It's depending on the legislation will come
and financing solutions. Because when
those two problems are tackled, then it can
be the huge, the market in the future.” —
Expert 1 Rob van Willigen (ABN AMRO)

“It's a hard topic, the future, right? When
you look in perspective, it started with
small things, physically, and then it became
bigger and bigger, and now facades and
what have you, and roads, you know, a lot
of square meters, a lot of cubic meters,

ete. So, it points towards bigger and
heavier, not only physically, but also maybe
geographically? | don’t know. | really don’t
know. But looking back, you can learn. So,
this gaining momentum will lead to more
and wider and broader but also in different
domains.” — Expert 2 Mark van Ommen
(TNO)

“What | absolutely believe in is that
product-service-systems will be around
for capital goods and for more expensive
equipment. | do see that it makes
absolutely sense to have that.” — Expert 3
Sabine Oberhuber (Turntoo)

5.8 Conclusions from expert study

The expert study corroborated the findings
from the case studies and helped establish a
deeper understanding of PSSs within a larger
context, with a higher degree of abstraction.
The growing trends of access over ownership,
enhancing circularity while capturing value,
evolving business models, and the internet
of things are all enabling and driving the
growth of PSSs within multiple sectors

such as mobility, consumer goods, and even
infrastructure. The largest barriers facing the
growth of PSSs were found to be financing
(residual value calculations and balance
sheet extension) and a lack of government
regulations which penalize CO2 emissions
and linear economy business models.

The theoretical framework (figure 4.32)

has been further developed to incorporate
findings from the expert study. Similar to the
demand + supply cases and the supply-only
cases, the experts noted that PSSs could

be advantageous to housing providers and
real estate owners in general because PSSs
can achieve long-term cost savings, reduce
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risk and responsibilities, allow scope to be
accomplished without capital, and prepare
for changing regulations, Additionally, the use
of PSSs will allow HPs and real estate owners
to enhance portfolio circularity, market
appeal, and flexibility. The experts also stated
that when a PSS is constructed properly, it
can achieve all four principles of circularity
Bocken et al., 2016).

One expert noted that all building elements
are likely not suitable for a PSS value
proposition, especially those that have
minimal service requirements and long
lifespans.

When considering the impact of a PSS

on a building’s overall asset value, three
experts believe that the use of PSSs will
enhance and preserve asset value, due to the
PSSPs delivery of exceptional preventative
maintenance. One expert, however, did make
note of the tax benefits of ownership vs
leasing.

Additional findings form the expert

study include the use of “chain-liability”
(ketenaansprakelijkheid) should allow for
the easy transfer of PSS contracts from
one building owner to the next during sale/
purchase.

The experts noted that PSSs currently

only comprise a small market share when
compared with the traditional means

of purchasing a product outright. When
considering the future of PSSs, several
experts noted that once CO2 taxes are
established by national governments, PSSs
will grow in popularity and prevalence.
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PSSs in Rental Housing
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7. Financial Simulation

The financial implications of leasing are
explored through a simulated discounted
cash flow (DCF) model.

All Scenarios: €10 million building is constructed
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Fig. 4.33

Traditional building with no PSSs compared with
15 iterations of an identical physical building.
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7.1 PSS Impacts on Asset Value

Findings from the empirical research,
especially the expert study, highlight that
itis still too early in the development and
implementation of PSSs to understand
how a building’s asset value will be
impacted. An understanding may only be
possible retrospectively, as there are many
factors at play, such as which specific
building components are being procured
as PSSs, the quality of the preventative
maintenance provided by the service
provider, and whether or not the PSS has
a direct impact on the building’s market
appeal from the perspective of its users
(ex: futurist facade vs heat pump). Despite
the unknown impacts, many experts
believe that the use of PSSs will positively
impact a building’s asset value since they
theoretically facilitate the continuous
replacement of faulty components with
those that are new.

Expert 1, Rob van Willigen of ABN

AMRO, made note that since PSSs imply
leasing instead of purchasing building
components, there will be an impact on
the tax liability of the building owner.
This is because the building components
procured as a PSS will not be depreciable,
nor will the financing interest for the
components be tax deductible. As such,
the operational research aims to gain
clarity into the tax implications of using
PSSs within a building.
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7.2 Financial Model

The operational research uses a simplified
model in which a traditional building (no
PSSs) is compared with 15 iterations of
itself that use a variable amount of PSSs.
All PSSs in the model are considered to
have zero-upfront investment, meaning
that investment CAPEX costs are moved to
operational OPEX costs and spread over
the 15-year model. The model compares a
traditional building (0% PSS) with identical
versions that are 10, 20, 30, 40, and 50%
comprised of PSSs. The percentages are
not tied to specific building components,
however for example, 10% could represent
the building’s envelope and 20% could
represent the building’s envelop and
mechanical systems. Such percentages
are seen in the x-axis of figures 4.33 -
4.36.

The traditional building, or baseline for
the model, sits upon a €3 million piece of
land, and costs €10 million to construct,
resulting in €13 million total. Market-
rate (non-social) housing is using in

the simulation with an income tax and
capital gain tax rates of 25%, as set by
2021 Netherlands corporate tax law
(GreenbergTraurig, 2020). The building is
depreciated over a period of 30 years, at
which pointis has a 50% residual value.

The benchmark building has 0% of its €10
million construction costs procured as a
PSS and includes hypothetical OPEX costs.
For all the other scenarios, a % of the €10
million has been reduced from the upfront
investment costs and moved to annual
OPEX costs with an equivalent Net Present
Value (NPV). For example, if the building

is 10% PSS, it means it cost €9 million to
construct [€10 million * (1-10%)], as 90%
of the construction was purchased in a
traditional manner. The construction cost
scenarios can be seen in figure 4.36, and
the equity investments vs building net
present values can be seen in figure 4.35.

Additionally, when a percentage of a
building is procured via a PSS, for example
10%, the equivalent percentage of OPEX
costs (10%) are deducted from the owner’s
traditional OPEX costs and applied to
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the PSS operating costs. By doing so, the
scenario of Total Cost of Ownership (TCO) is
equal to Total Cost of Use (TCU). This scenario
is considered TCU/TCO = 1.0.

As PSSs are used to achieve long-term cost
savings based on their optimized operation
and exploitation of residual value, a variable
ratio of TCU/TCO is utilized. These scenarios
can be seen in the additional lines of figure
4.34 which show scenarios of TCU=0.75 and
TCU=0.50 of TCO.

As evidenced by figure 4.34, based on after-
tax net equity cashflows, the use of PSSs with
TCU=1.0 of TCO results in a reduced Internal
Rate of Return (IRR). The more a building is
procured via PSSs, or the higher percentage
of PSSs used, the larger the impact on the
buildings IRR. It is also evident that if a PSS
can achieve a cost reduction of 50% (TCU/
TCO = 0.5), it will positively impact a building’s
IRR. Based on the study, a TCU/TCO ratio

of approximately 0.61 (39% cost savings)
retains the building’s IRR equal with that of
the benchmark building with 0% PSS.
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7.3 Conclusions from financial
simulation

While the model only simulates a single
market-rate (non-social) rental housing
building development and is by no means
representative of all rental housing
developments, it does illustrate the
substantial tax benefits of ownership

in the context of the Netherlands. The
findings imply that a building’s IRR will be
positively impacted when TCU savings are
approximately 39% or more (TCU/TCO is less
than 0.61). While the IRR may be reduced if
TCU savings are less than 39%, the additional
benefits of reducing risk and responsibilities,
accomplishing construction scope without
capital, and establishing predictable long-
term costs have not been accounted for.

Such findings support the reasoning of the
HP in Case B who used a b-year lease-to-own
financing structure to initially accomplish
construction scope without capital, yet

after 5 years of payments, have the kitchens
on their balance sheet to capitalize on tax
depreciation.

The tax implications should be reevaluated
when COZ2 taxes are established by the
national government and a circular low
carbon PSS is used. In such a scenario, it is
likely that a circular PSS will positively impact
a building’s value.
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1. Discussion

The findings from the research are offered
in comparison with the theory established in
Chapter 2, as seen in figure 5.01.

Primary drivers for a Housing Provider to
use a PSS

The findings from the case studies establish
which advantages of PSSs drive HPs to use
them. Based on theory, many advantages
could be identified, but no theory specifically
highlighted which advantages of PSSs would
be most valued by HPs. Congruent with
theory, HPs use PSSs to achieve long-term
cost savings (Bluher et al., 2020), outsource
risk and responsibilities to PSSPs (Reim et
al., 2016), and to accomplish project scope
without capital (Azcarate-Aguerre et al.,
2017). Lastly, a single HP chose to use a PSS
to prepare themselves for upcoming CO2 tax
regulations, which was an emergent finding.
Findings imply that HPs primarily derive
value from PSSs primary though enhanced
financial performance and an unburdening of
risk and responsibilities.

Secondary advantages for HP when
using a PSS

HPs identified other secondary advantages
of using PSSs. Similar to above, no theory
specifically identified what advantages of
PSSs would be secondarily valued by HPs.
Congruent with theory, HPs found secondary
value in PSSs which enhance circularity in
their buildings by demonstrating circular
principles (Bocken et al., 2016), those which
enhance market appeal (Gielingh et al.,
2008), and those which establish long-term
predictable costs (Pereira et al., 2019).
Emergent finding were that HPs find value

in PSSs which can enhance a building’s
future physical and financial flexibility. These
findings imply that HPs view the physical and
sustainable nature of PSSs as secondary
advantages.

Incorrect assumptions
When constructing the theoretical framework,

two potential drivers/advantages of a PSS
were identified, yet they were not reinforced
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during the empirical research. Firstly, HPs

do not choose PSSs based on their ability to
enhance resident satisfaction. While the use
of a PSS may benefit the resident, such as an
elevator having a higher guaranteed up-time,
such benefits were not considered drivers

to use a PSS, nor mentioned as secondary
advantages. Additionally, the use of a PSS,
theoretically, is able to stabilize a building’s
asset value, since the continual maintenance
and replacement of faulty components keeps
a building functioning and looking “new”
(Gielingh et al., 2008). However, experts noted
that it is still too early to know how the use of
PSSs will impact a building’s asset value.

How HPs analyze the use of a PSS

When making the decision to use a PSS,
congruent with theory (Coalition Circular
Accounting, 2020), HPs primarily focus

on financial comparisons of Total cost of
Ownership (TCO) vs Total Cost of Use (TCU),
and conducted financial comparisons by
reviewing historic or forecasted portfolio
costs (A. E. Thomsen & Straub, 2018). While
speculated, an emergent finding was that
HPs support their decisions making through
risk assessments. Other emergent findings
include 1) when possible, HPs review historic
service records to gain confidence in the
PSSP and their value proposition, 2) when
applicable, HPs review the impact of a long-
term PSS contract on resident service costs
and future building demands and operations,
and 3) HPs review the end-of-use scenarios,
either when the contract reaches its end,

or should the HP desire to end the contract
early.

Challenges faced when using a PSS

Based on theory, challenges regarding
contract complexity (Reim et al., 2015) and
general contractor negotiations (Lingegéard,
2010). Emergent findings were that HPs
faced challenges with 1) a lack of trust in the
PSSP’s ability to deliver the promised value
proposition, 2) unclear demarcation between
the product and required infrastructure,

3) product and 4) contract inflexibility, 5)
dissatisfactory service, and 6) gaps in service
coverage which result in unpredictable costs.
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Circular principles within PSS

Congruent with theory, not all PSSs are
inherently circular (Bluher et al., 2020;

Tukker & Tischner, 2006), as exemplified by
the cases. PSSs specifically designed to be
circular displayed the most circular principles
(Bocken et al., 2016), while those using “off-
the-shelf” products displayed the lease.

PSSP incentives

Based on the case studies, clear incentives

for PSSPs to deliver continuous satisfactory
service for the duration of the contract were
identified. These are emergent findings and

compliment the framework of van Ostaeyen
(2013). add to the value offered to HPs.

PSS Prerequisites

Congruent with theory, building components
which require high levels of service or
maintenance (Kim et al., 2016), frequent
inspections or monitoring (Raposo et al.,
2013), or replacement before exceeding their
technical lifespan (A. F. Thomsen & Straub,
2018;TU Delft, 2020) are fitting for a PSS
value proposition. Emergent findings were
that building components may be fitting

for PSS value propositions when they are 1)
highly innovative (PV panels, batteries) and
require technical expertise to operate at
promised efficiencies, or 2) when CO2 taxes
reach their maturity, bear exceptionally high
CO2 tax liabilities.

PSS impacts on asset value

Despite theory claiming that PSSs will benefit
a building’s asset value (Gielingh et al., 2008),
itis still too early to know how if this is true
or not. Several experts noted that it will likely
be improved due to a PSS’s preventative
maintenance and frequent replacement of
faulty parts, and thus improved functionality
and “curb appeal”. One expert (Expert 1 Rob
van Willigen (ABN AMRO)) made note that
there is likely a tax disadvantage associated
with PSSs, as interest and depreciation

can no longer be used to reduce a HP’s tax
liability, which was an emergent finding.

The financial simulation revealed the
significant tax advantage of leasing building
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components in market-rate (non-social)
housing developments.

Additional Findings

Congruent with theory, value co-creation

(Ng et al., 2010) was evident between

HP and PSSP, especially when it came to
financial transparency and finding beneficial
solutions for both parties. Emergent findings
include 1) while the use of 24/7 monitoring
and data collection assists the PSSP with
dynamic preventative maintenance and
remote operation, it could potentially lead

to privacy issues, especially when the PSS is
resident specific. 2) the use of “chain liability”
(ketenaansprakelijkheid) enables businesses,
such as property specific entities, to take
over pre-existing long-term contracts, even
then the building changes ownership. Lastly,
3) the term “lease” was found to bear negative
connotations form the perspective of HPs,
thus PSSPs use the terminology of “Product-
as-a-Service (PaaS) and “usage-contracts”.
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1. Discussion

Theme Code Origin
Building -
Context Housing Provider -
PSS Provider -
Advantage - Strategic - Enhance Market Appeal Theory
Advantage - Strategic - Outsource Risk and Responsibilities Theory
Advantage - Strategic - Prepare for Changing Regulations Emergent
Advantage - Functional - Enhance Resident Satisfaction Theory
Drivers/ Advantage - Financial - Achieve Long-term Cost Savings Theory
Advantages of _ _ ; . )
using a PSS Advantage - Financial -Accomplish (More) Scope without Capital | Theory
Advantage - Financial -Establish Predictable Costs Theory
Advantage - Financial -Stabilize Asset Value Theory
Advantage - Physical - Enhance Circularity Theory
Advantage - Physical - Enhance Flexibility Emergent
Analysis - Financial Theory
Analysis - Risk and Responsibilities Emergent
) Analysis - PSSP Historic Service Performance Emergent
Analysis Type - - -
Analysis - Impacts on Resident Service Costs Emergent
Analysis - Impacts on Future Building Operations Emergent
Analysis - End-of-use Scenarios Emergent
Challenge - Contract Complexity Theory
Challenge - Lack of Confidence in PSS/PSSP Emergent
Challenge - Demarcation of PSS Theory
Challenge - PSS Impact on General Contractor Profit Theory
Challenges Challenge - Product Inflexibility Emergent
Challenge - Contract Inflexibility Emergent
Challenge - Dissatisfactory Service Emergent
Challenge - Incomplete Service Coverage Emergent
Challenge - Tax disadvantage of leasing Emergent
Circular - Product: Slowing Loops Theory
Circular Circular - Product: Closing Loops Theory
Principles Circular - Business Model: Slowing Loops Theory
Circular - Business Model: Closing Loops Theory
Fig.5.01
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2. Recommendations

Recommendations for housing providers and
real estate owners have been formulated
regarding the use of PSSs within a building or
portfolio.

Define core business versus auxiliary
tasks

Housing providers should re-consider which
service-related tasks are associated with
their core business, and which are considered
auxiliary in order to identify what can
potentially be outsourced. Housing providers
may consider outsourcing maintenance on
building components that require frequent
service or replacement, those that require
annual inspections and monitoring, those
that require replacement before exceeding
their technical lifespan due to outdated
aesthetics, and those that require advanced
technical expertise to achieve the product’s
optimized performance.

Establish TCO costs

For the building components meeting the
above criteria, housing providers should
review and establish historic portfolio
management costs from a total cost of
ownership perspective, which includes

all investment, ongoing maintenance,
replacement, disposal, insurance, and
personnel costs per building element/system.
Without a strong understanding of building
component TCO costs, it is difficult to gauge
if a PSS is financially advantageous. With
quantitative data at hand, the Net Present
Value (NPV) of a multi-year PSS agreement
(TCU) can easily be compared with the
organization’s Total Cost of Ownership (TCO)
for the building component.
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Scan the market for as-a-Service
offerings

With a good sense of TCO costs and a clear
delineation of core business- vs auxiliary-
tasks, housing providers can begin scanning
the market for potentially suitable as-a-
service offerings.

Consider what additional scope can be
accomplished through leasing

Based on the quantity and investment

value of the building components, HP’s

can potentially use leased PSSs to free up
substantial capital at a building and portfolio
level. Such capital could be allocated towards
additional scope, such as extra homes, or
used to accomplish sustainability scope
(ex:insulation) in light of evolving regulatory
building performance requirements.

Don’t over burden the residents

When using a leased PSS, HPs must establish
if recurring service costs will be carried by
the HP, the resident, or a combination of

both. Thus, while a zero-upfront investment
PSS may be appealing in the present, it may
create vacancy issues in the future if resident
service costs are inflated beyond market-
acceptable standards.
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Assess the PSSP’s incentives to deliver
high-quality service

HPs should consider what incentives the
PSSP has to deliver high-quality and timely
services, and make note of the payment
structure of the PSS, any guarantees
provided, and any penalties for the PSSP
when dissatisfactory service is delivered.
HPs will likely receive better quality service
in the order of input-, availability-, usage-,
or performance-based contracts. Also, the
quality of the service will likely be higher
when initial investments are reduced.

Talk to the Legal Team

Based on the nature of a PSS and its potential
reversal of ownership, PSS contracts may be
complex and time consuming, at least during
their initial use. As such, HPs should involve
their legal team early on to make sure the
contract is well-balanced regarding risk and
reward. Once the contract is established, it
should be easy to duplicate in future projects.

Talk to the General Contractor

When using a leased PSS, HPs become

the contracting party for a scope item that
typically would fall under the responsibility of
the general contractor (GC). As such, the use
of a leased PSS should proportionally reduce
their profit margins on the project. However,
the GC will likely still carry some coordination
and site-logistics costs regarding the PSS.
Therefore, HPs should communicate with
GCs to make sure they are not paying for
things twice, as their in-house personal is
now managing some of what used to be the
contractor’s work.
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Be aware of coming CO2 taxes

While no definitive date has been established,
experts in the Netherlands believe CO2 taxes
will be implemented within the next decade.
When in place, it will be advantageous to use
PSSs which embody circular principles, as
they will offer reduced tax liabilities to both
the housing provider and PSS provider. If a
PSS is not designed for disassembly and does
not make use of circular inputs, if may have
very little tax benefits.

Consider end-of-life scenarios, but
remain flexible

When discussing long-term contracts for 10+
years, HPs and PSSPs should consider what
will happen at the end of the contract, as well
as what will happen if the contract is ended
prematurely. For scenarios in the future, it
may be best to remain flexible by identifying
how the situation will be resolved (analysis or
advice from third parties), rather than what
the exact resolutions will be.
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1. Conclusion of the Research

The sub questions will be answered before
answering the main research question.

Q1) What is a PSS?

A PSS, based on theory, is any combination
of products and services that together
deliver the user a desired solution (Mont,
2004). The ambition of delivering solutions
over mere products and services is best
illustrated by the quote “people do not need
cars and washing machines, but mobility
and clean clothes” (Meijkamp, 1998). PSSs
in practice can take shape in various forms;
the product can be sold in combination with
supplemental services, or the product can
be rented or leased to a user who utilizes it
without becoming the owner (Tukker, 2004;
van Ostaeyen et al., 2013).

Leased PSSs, or those in which products are
not sold to customers but instead remain
under the ownership of manufacturers or
service providers, are considered to have the
highest potential for circularity. When PSS
providers (PSSPs) consider their products
assets instead of goods, they are incentivized
to minimize operational costs associated
with parts and labor while simultaneously
maximizing the lifespan of their products (van
Ostaeyen et al., 2013). Additionally, PSSPs

are incentivized to exploit the residual value
of their assets, which often leads to the
remanufacturing of used products so they
may be used again. When configured properly,
PSSs can thus decouple economic growth
from continued resource consumption and
assist the transition from a linear economy to
one thatis circular in nature (Ellen MacArthur
Foundation, 2013; Lacy et al., 2014).

To think that all PSSs are inherently

circular and environmentally beneficial

is unfortunately not true (Bluher et al.,

2020; Tukker & Tischner, 2006). If a PSS is

not designed for disassembly, nor does it
make use of circular inputs, it inherently
relies on the continued extraction of raw
material that must be extracted, transported,
and manufactured - all of which has
environmental consequences. A truly circular
PSS relies on the cooperation of various
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supply-chain actors during production, use,
and reverse logistics (Bohm et al., 2017;
Windahl & Lakemond, 2006; Xing et al., 2013).

Q2) How can PSSs be applied in rental
housing?

A housing provider (HP) can procure a PSS in
one of four ways (input-, availability-, usage-,
or performance-based), as either a purchased
or leased PSS (van Ostaeyen et al., 2013).

The PSS type is based on how the majority of
payment value is delivered to the PSSP during
the contract duration, meaning ownership
does not necessarily determine the type of
PSS (van Ostaeyen et al., 2013). First, HPs
may use an input-based PSS contract to
purchase a product with a supplemental
service contract (ex: purchasing a heat pump
with an annual inspection and maintenance
contract). In input-based PSSs, the majority
of payment is associated with the purchasing
of the product. Second, they may use an
availability-based PSS, typically in the form
of a lease, to pay for the PSS to be available

in their building (ex: leasing a kitchen and
paying for it to be available, independent of
how much it is used). Third, they may use a
usage-based PSS, typically in the form of a
lease, to pay per use of the PSS (ex: leasing an
elevator and paying based on the total annual
vertical distance traveled). And fourth, they
may use a performance-based PSS, typically
in the form of a lease, to pay for the PSS only
when performance criteria are met (ex: lease
an integrated solution of heating, cooling,
ventilation, and building envelope, and paying
based on the amount of time a comfortable
indoor environment is provided). Availability-,
usage-, and performance-based PSSs

can also be owned by the HP, although the
majority of payment value must derive from
service-rated costs. Each type of contract
offers different payment structures and
incentives for the PSS providers (PSSPs) to
deliver quality service to the housing provider.
In the order of input-, availability-, usage-,
and performance-based, PSSs will increase
in circularity (van Ostaeyen et al., 2013),
increase in risk for the PSS provider (van
Ostaeyen et al., 2013), increase in contract
complexity (Reim et al., 2015), and decrease
in contract standardization (Reim et al.,
2015).
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In theory, any product and complementary
service can constitute a PSS, however

there is an underlying logic regarding which
products are most fitting for a PSS value
proposition. Building components which
require intensive maintenance or frequent
replacement (Kim et al., 2016), and those that
require recurring inspections or continuous
monitoring (perhaps due to life-safety risks)
(Raposo et al., 2013) are fitting for a PSS
business model. Also, building components
that are often replaced before they exceed
their technical lifespan are fitting as a PSS
(TU Delft, 2020). This is well illustrated by
the fact that kitchens are often replaced

far before the end of their useful life, simply
because their outdated aesthetics reduce

a building’s ability to generate revenue.
Findings from the empirical research also
identified more criteria that may make
some products more fitting than others

as a PSS. Building components which are
technologically innovative and require
advanced expertise to achieve their promised
operational efficiencies may lend themselves
to a PSS value proposition. This is because
housing providers (HPs) often outsource the
expertise when it is not considered part of
their core business (ex: operating a battery).
Lastly, when COZ2 taxes are established by
governments, building components with
exceptionally high CO2 footprints, and thus
tax liabilities, may be good candidates for
circular PSSs.

HPs should be aware of the legal concept of
“accession”, which states that components
installed in a building become the property
of the building owner when they cannot be
removed without significantly damaging the
rest of the building, or when the building
would be considered incomplete without
them. Due to accession, a building’s structure
cannot be procured as a leased PSS, as it
cannot be removed without damaging the
building. Other large building components,
such as facades, HVAC and kitchens, can be
offered as leased PSSs when designed in a

modular,demountable manner. In such cases,

PSS providers (PSSPs) may opt for a pair of
contracts to be used to circumnavigate the
legal concept of accession so they may retain
legal ownership of the PSS. First, the building
owner (HP) will rent suspension points to the
PSSP and secondly, the PSSP will deliver a
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contract for the HP to use their PSS (Coalition
Circular Accounting, 2020).

HPs considering the sale or purchase

of buildings with preexisting long-term

PSS contracts should also be aware

of the legal concept of “chain liability”
(ketenaansprakelijkheid) which enables
businesses, such as property specific
entities, to transfer or take over PSS
contracts. Based on interviews with experts
and PSSPs, buildings can easily be purchased
and sold without disturbing such contracts.

Experts noted that PSSs currently comprise
only a small portion of the overall products
and services sold on the market. While their
market share is limited, the number of PSSs
has grown over the last few years due to
companies which aim to be circular by nature,
or more commonly, due to companies which
strengthen their profit margins by integrating
products with services. Once CO2 emission
tax regulations are established, experts
believe the pervasiveness of PSSs, especially
those which embrace circular principles, will
substantially increase.

Q3) What are the drivers for housing
providers to use PSSs?

Based on empirical research, HPs use PSS
for several reasons, as seen in figure lll.
Firstly, HPs use purchased and leased PSSs
to achieve long-term cost savings, which is
congruent with theory. Cost savings can be
achieved by PSSs with higher than usual
operational efficiencies (Case studies D,

F, G; battery, heat pump, PV panels), or by
those with longer than usual lifespans
(Cases B, E; kitchen, elevator) (Bluher et

al., 2020). Also consistent with theory, HPs
use PSSs to outsource risk and unburden
themselves of the maintenance and
operational responsibilities associated with
specific building component (van Ostaeyen
et al., 2013). By doing so, HPs can maintain
focus on their core business and avoid
hiring additional expertise in-house. HPs
also use leased PSSs to accomplish project
scope without capital. Since many leased
PSSs require minimal- or zero-upfront
investments, HPs can accomplish more scope
than they can afford to purchase, which

is especially helpful considering evolving
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building energy performance requirements.
Additionally, one HP (Case C) is using a
circular PSS to prepare their organization for
the inevitability of CO2 taxes. When CO2 taxes
penalize transportation and raw material
extraction, the HP can theoretically reduce
their COZ2 tax liability by using a locally based
circular PSS. Other secondary advantages of
using a PSS include establishing predictable
costs and enhancing portfolio circularity.

Q4) What analysis do housing providers
conduct before using a PSS?

HPs primarily conduct financial and risk
analyses when considering the use of a

PSS. Among leased PSSs, housing providers
compare the Total Cost of Ownership (TCO)
with the Total Cost of Use (TCU) for the
specific building component during its
lifespan, congruent with theory (Coalition
Circular Accounting, 2020). Additionally,

HPs consider the risk and responsibilities

of ownership, and sometimes decide to use
a leased PSS to diminish their risk profile,
even when it is more financially beneficial to
own the building component. When possible,
HPs review the historic service performance
of PSSPs. Lastly, and to a lesser extent, HPs
consider the PSS’s impact on resident service
costs, impact on future building flexibility,
and end-of-use- scenarios.

Q5) What challenges do housing
providers face when using a PSS?

HP’s often do not trust the PSSP’s ability

to deliver the promised value proposition
pertaining to a leased PSS, as they find the
combination of no initial investment and
instant cost savings “too good to be true”
HP’s also faced challenges regarding the
complexity of contracts when leasing building
components for upwards of 40 years, which

is consistent with theory (Reim et al., 2015).
In several cases, HPs faced challenges
regarding the unclear demarcation of what
products and services are included in the
PSS. HPs also faced challenges when serving
as the contracting party for leased PSSs, as it
results in negotiations to reduce the general
contractor’s scope and profit. One HP faced
challenges regarding the inflexibility of a PSS
to accommodate unique site conditions due
to its very high degree of circularity. Lastly,
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the misalignment of incentives and lack of
penalties for the PSSP in the Input-based
PSS, due to the HP owning the product but
the PSSP maintaining it, led to incomplete
service coverage, unpredictable costs,

and dissatisfactory service from the HPs
perspective. Consistent with theory, input-
based PSSs are those where the PSSP takes
the least amount of risk, meaning the HP still
has partial risk (van Ostaeyen et al., 2013).

Q6) What circular principles do market
implemented PSSs exhibit?

Based on theory, the circular principles
exhibited in each case should have increased
in the order of input-, availability-, usage-,
and performance-based PSSs (van Ostaeyen
etal., 2013). However, this was not found to
be true in practice, as the most circular cases
were found to be availability- and usage-
based PSSs, and the least circular cases
were found to be input- and usage-based
PSS. The cases studied displayed a wide
range of circular principles, making clear that
the circularity of each PSS must be studied
individually. For a PSS to be circular, 1) the
product must slow material loops by being
designed to maximize its lifespan and 2) the
product must close material loops by being
designed for disassembly. Additionally, 3) the
business model must slow material loops by
exploiting the product’s residual value after
its initial use, and 4) the business model must
close material loops by making use of circular
material inputs in its products (Bocken et

al., 2016). All four circular principles were
exhibited in the cases. Based on the seven
cases, circular principles increase in the
following order from least exhibited to most
exhibited: 1) business model closing loops,

2) product closing loops, 3) business model
slowing loops, and 4) product slowing loops.
The findings are consistent with theory
which states that PSSs are not automatically
synonymous with sustainability and
circularity (Bluher et al., 2020; Tukker &
Tischner, 2006).

Q7) How does the use of PSSs impact a
building’s asset value?

The impact of using PSSs on a building’s
value remains largely unknown. Theoretical
research implies that PSSs will positively
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impact a building’s value, as they foster
effective preventative maintenance and
gradual replacement of faulty parts

during their lifespan (Gielingh et al., 2008).
The expert study supported this theory,
however the experts noted that it is still

too early in the development of PSSs in
buildings to understand their actual impact.
Variables such as the specific product

and the quality of the service make it very
difficult to anticipate the financial impacts
of PSSs. One expert noted that there will

be tax implications when leasing building
components, thus leased PSSs were studied
through a simulated financial model.

The model simulates a specific market-

rate (non-social) rental housing building
development in the Netherlands and is by
no means representative of all housing
developments. The simulation found that,
due to the tax disadvantages of leasing,
leased PSSs must achieve a TCU savings

of 39% or more, when compared with TCO,

to be financially advantageous for a HP.

Put another way, based on the financial
simulation, the first 39% of cost savings
associated with a leased PSS are negated by
the tax disadvantage of leasing. Additionally,
the more a building is comprised of leased
PSSs, the larger the impact on the building’s
asset value either positively or negatively.
The simplified simulation does not consider
other advantages of using a leased PSS,
such as reducing risk or accomplishing other
construction scope without capital, which
are difficult to quantify. Nonetheless, the
simulation implies that real estate owners
will opt to remain the owner of majority of
their buildings to achieve advantageous
investment returns and may only lease
building components with the highest
associated risk, or when leasing is the only
way to make projects viable. Such findings
support the reasoning of the HP in Case B
who used a 5-year lease-to-own financing
structure to initially accomplish construction
scope without capital, yet after 5 years of
payments, have the kitchens on their balance
sheet to capitalize on tax depreciation. The
tax implications should be reevaluated when
CO2 taxes are established by the national
government and a circular low carbon PSS

is used. In such a scenario, itis likely that a
circular PSS will positively impact a building’s
value.
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Main Question:
“How can Product-Service-Systems
(PSSs) offer value to housing providers?”

As the Netherlands national government
aims for a circular economy by 2050,

housing providers (HPs) simultaneously seek
alternative procurement and maintenance
methods to enhance the performance of
their organizations, buildings, and portfolios.
PSSs serve as a solution with the potential of
increasing circularity in the built environment
while offering value to HPs who procure them.

PSSs primarily offer HPs financial, risk
management, and sustainability/circularity
value. HPs can capture value by reducing
their long-term costs and by outsourcing

the risk, maintenance and operational
responsibilities associated with specific
building components. When leasing PSSs,
housing providers can also outsource the
financing of building components, enabling
them to accomplish construction scope when
capital is unavailable. The use of PSSs also
can establish predictable costs and enhance
portfolio circularity.

However, the value offered by a PSS is
largely depended on the type of PSS used, as
seenin figure 6.01. Based on the research,
the value a PSS offers a HP increases in
order of input-, availability-, usage-, and
performance-based PSSs. This is particularly
outstanding since the potential for circularity
increases in the same order (van Ostaeyen
etal., 2013), meaning the demand-oriented
perspective for PSSs in rental housing
supplements the realization of a circular
economy. However, the volume of building
components procurable by each contract
type likely decreases in the same order, and
not all building components are applicable
to each contract type. Additionally, the

value offered to HPs was found to increase
as the proportion of service-related costs
increase, assuming there are also penalties
for the PSSP when dissatisfactory service is
provided.

Although leased PSSs have higher
circular potential than owned PSSs, Dutch
commercial real estate tax incentivizes
HPs to retain ownership of their building
components while outsourcing the
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component 1) intensive maintenance or frequent replacement, and/or
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maintenance, operation, and risk. Thus,

real estate owners will not procure entire
buildings as leased PSSs since it is not
financially feasible. Leased PSSs will

likely remain a minority of how building
components are procured, however they will
become more commonplace as construction
budgets are stressed by the energy transition,
as technology advances, and as CO2 taxes
are implemented. Leased PSSs contribute to
achieving circularity in the built environment,
with clear value from both supply + demand
perspectives. To achieve circularity in the built
environment, leased PSSs are part of the
solution, however, building owners, in addition
to PSS providers, must be incentivized to
return materials to either technological

or biological cycles. When CO2 taxes are
established and reach their maturity, the
leasing of circular PSSs with reduced tax
liabilities may enhance the value of leasing
PSSs. The value offered by each contract type
is elaborated below.

While input-based PSSs have the tax
advantages of ownership, they offer the least
value to HPs. HPs using input-based PSSs
still bear partial risk since they are the owner
of the PSS and are liable for costs and risks
not captured within the service agreement.
Additionally, in input-based PSSs, PSSPs
capture majority of their financial payments
(50+%) at the moment of contracting and
installation, meaning their financial incentive
to deliver prolonged high-quality service is
greatly diminished. If service penalties are
not established, HPs may find it challenging
to receive timely service when their products
are not operational. Based on the research,
input-based PSSs come with the shortest
service contract durations of the four types,
which reduce the risk undertaken by the
PSSP and transfer it to the HP. When PSSPs
can renegotiate terms every few years, HPs
are not able to establish long-term cost
predictability. Input-based PSSs have the
lowest potential for cost-savings, as the PSSP
does not exploit the product’s residual value,
meaning savings cannot be captured nor
shared with the HP. Input-based contracts
have the highest likelihood of existing on

the market, as they bear the least risk for
PSS providers. Input-based PSSs can be
established by adding service contracts or
simple warranties to products traditionally
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purchased by HPs.

Availability-based PSSs offer the

second highest value to HPs. When

leased, availability-based PSSs face tax
disadvantages, however, they allow HPs

to accomplish construction scope without
investment capital. HPs can utilize leased
availability-based PSSs to bring over-budget
construction projects back into budget, or

to expand the scope of on-budget projects,
both of which are especially helpful as HPs
grapple with the energy transition. When
leased, availability-based PSSs establish
predicable costs over their contract duration,
which, based on the cases, can be upwards
of 40 years. Since HPs pay for the product to
simply be available, there may not be strong
incentives for the PSSP to deliver exceptional
service, unless service penalties for down-
time are established in the contract. When
PSSPs remain the owner of their products,
they are incentivized to exploit residual
value, thus they can offer larger long-term
cost savings to HPs. When using leased PSS,
HPs should be aware of initial challenges
such as scope and profit negotiations with
General Contractors, and contracts with
increased complexity. HPs can alternatively
choose to purchase or leasing-to-own an
availability-based PSS to take advantage of
tax deductions, however the PSSP will likely
establish a right to reclaim or “take-back” the
PSS at the end of the contract, and perhaps
the PSSP’s incentives to deliver exceptional
service may be reduced since the PSS is no
longer their asset. Availability-based PSSs
have the second highest likelihood of existing
on the market, as all building components,
except structure and foundation, can in
theory be offered as a leased product with
majority of costs associated with service
payments.

Usage-based PSSs offer the third highest
value to HPs. Although they also face tax
disadvantages when leased, usage-based
PSSs establish strong incentives for the PSSP
to deliver exceptional service. If the product
is not able to be used, the PSSP cannot
capture payment from the HP. Thus, the
PSSP is incentivized to minimize downtime
and always keep the product operational
through the duration of the contract, which,
based on the cases, can be upwards of 30
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years. Of the cases studied, the difference

in PSSP incentives is most evident between
the input-based elevator PSS with no
performance penalties (Case A), and the
usage-based elevator PSS with performance
penalties (Case E). In Case A, where the HP
owns the elevator, the HP faced challenges
regarding incomplete service coverage,
unpredictable costs, and dissatisfactory
service. However, in Case E, where the HP
leases the functionality of the elevator,

the HP can be confident about receiving
satisfactory high-quality service since the
PSSP will only be paid when the elevator is
operational and will be financially penalized
when the elevator is, on an annual basis,

out of service more instances or more total
time than the contract’s agreed maximums.
Usage-based PSSs, like availability-based
PSSs, incentivize PSSPs to minimize
operational costs and exploit residual value,
thus increasing the likelihood of cost savings
for the HP. Leased usage-based PSSs also
enable HPs to accomplish construction scope
when capital is unavailable and to establish
predictable long-term costs. When leased,
usage-based PSSs also face the potential
initial challenges of profit negotiations

with GCs and complex contracts. Usage-
based PSSs can also be owned by an HP,
offering them tax advantages. In such an
arrangement, the HP pays the PSSP fees
based on measured usage which are thus
used as a reserve for service. When the HP is
the owner of the product, they create a trade-
off between increasing their risk profile and
decreasing their tax liability. HPs of owned
usage-based PSSs should be informed of
which party (HP or PSSP) pays for service
costs when they exceed the allotted reserve.
Usage-based PSSs have the third highest
likelihood of existing on the market, as they
are only applied to building components with
predictable and measurable intermittent
usage.

Performance-based PSSs offer the highest
value to HPs as they only pay when the
expected result or function is delivered.
However, performance-based PSSs may

not be readily found in the market as they
are the riskiest for PSSPs. To be offered,
performance-based PSSPs need to integrate
all aspects of performance into a single
solution, which may only be possible through
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multiple iterations and the incorporation

of new technologies. Performance-based
PSSs also have the highest potential for
circularity, as they put the PSSP in full control
of delivering the desired outcome (van
Ostaeyen et al., 2013), thus they have the
highest potential for exploiting residual value
and creating cost-savings for the HP. Case D,
the availability-based window PSS, serves

as a rudimentary version of what the PSSP
aims to eventually offer as a performance-
based integrated-facade PSS, complete with
heating, cooling, and ventilation. The currently
offered window PSS serves as an exploration
in the contract, maintenance, and eventual
takeback of a long-term leased product. Until
performance-based PSSs are offered on the
market, usage-based PSSs likely offer HPs
the highest value.
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2.Contributions of the
Research

This research contributes to the arenas of
real estate management, rental housing
management, and Product-Service-Systems
(PSSs) by establishing a link between the
discrete concepts of PSSs and rental housing.
The main contribution of the research is a
consolidated demand-perspective on PSSs in
the built environment. The research identifies
the value PSSs offer HPs that use them, how
HPs consider the use of a PSS, as well as
what challenges they face when using PSSs.

The research builds upon the van Ostaeyen’s
(2013) “Refined Typology” of PSSs framework,
which is a refinement of Tukker’s (2004) “Eight
Types” of PSS, to establish the value of PSSs
from a real estate owner perspective. The
research establishes a framework of its own
which shows increasing value for real estate
owners in the order of input-, availability-,
usage-, and performance-based PSSs. The
research also establishes the correlation
between PSSs increasing in potential for
circularity and PSSs increasing in value for
real estate owners that use them.

In a practical sense, 6 building components
have been identified as market-implemented
PSSs that HPs can immediately consider
procuring. With such insights, HPs, and real
estate owners at large may consider the use
of PSSs within their organizations.
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3. Evaluation of the research

The research can be evaluated via construct
validity, external validity, and reliability

(Yin, 2003). The research uses a variety of
sources (case studies, expert interviews, and
financial simulation) and a chain of evidence
to validate the constructs being studied. The
case studies have been replicated across
seven cases, and the findings have been
corroborated by expert opinion, enabling
findings to be generalized beyond the
specific context of this research. Lastly, the
procedures for conducting the research

have been well documented, enabling future
researchers to conduct similar studies.
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4. Research Limitations

Limitations to the research include a
relatively small number of cases, and their
proportion of each PSS type. Ideally, several
market-implemented PSSs of each PSS
type (input, availability-, etc.) would have
been studied. However, studied cases were
based on those that could be found within a
short time frame, as well as those that had
representatives available for interview. Cases
were only studied in the context of American
and Dutch rental housing, meaning the value
offered by PSSs could be different in other
markets.
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5. Recommendations for
Future Research

Several topics were identified during the
study that warrant future research, namely 1)
the impact of PSSs on resident service costs,
2) the impact of leased PSSs on a general
contractor’s scope and profit, 3) insight into
what specific details make a PSS contract
especially complex, 4) quantitative life-cycle
analyses of the studied PSSs cases to more
definitively gauge their level of circularity, and
5) a more robust financial study of leasing vs
owning building components that takes into
account a variety of development financing
scenarios. Lastly, a repeat of this study in

the future (5 years+) with real estate owners
who have a prolonged experience using PSSs
would be valuable, as many of the studied
cases were only installed within the last 2
years, meaning their performance history is
rather limited.
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1. Position within the Master
Track and Master Program

This research was conducted within the
Management in the Built Environment
(MBE) track of the MSc Architecture,
Urbanism and Building Sciences (AUBS)
program at TU Delft. More specifically, the
research was conducted within the Real
Estate Management (REM) department. The
research was supported by two mentors
within the department: Tuuli Jylha, who
specializes in Real Estate Management,
and Gerard van Bortel who specializes in
Housing Management. Additionally, a third
mentor, Daan Schraven of Civil Engineering,
supported the research and offered his
expertise in the economics of Product-
Service-Systems in the Built Environment.
Lastly, this research participates in the
Circular Business Models (CBMs) & Product-
Service-Systems (PSSs) MSc studio, which
is a cross-disciplinary group of students
from the Architecture and Civil Engineering
faculties. In combination, the research
focuses on the value of Product-Service-
Systems for organizations that either develop
and sell, or develop and manage, rental
housing. By highlighting such value, the
research contributes to the growing body of
knowledge on the circular economy.

1. Position within the Master Track and Master Program

153

2. Relevance
Scientific relevance

The findings contribute to understanding
the demand-side perspective of using PSSs
in the built environment, which is currently

a rather limited body of knowledge. The
research builds upon van Ostaeyen’s (2013)
framework and illuminates the value of each
PSS type for organizations that develop,
own, or manage rental housing. The research
concludes that PSS types increase in the
potential for circularity in the same order that
they increase in the value offered to housing
providers (consumers), yet also decrease

in market availability in the same order.

The research specifies which benefits and
advantages of PSSs are the primary drivers
for housing providers to use them, and which
are secondary and do not necessarily sway
decision making. The research confirms,
due to the substantial value they offer, there
is substantial demand for PSSs, meaning
their adoption by housing providers serves
as a demand-driven catalyst for enhanced
circularity in the built environment.

Practical Relevance

The research provides practical insights

for housing providers (HPs) who may be
considering the use of PSSs within their
portfolios. First, the research provides the
primary and secondary value fellow HP
organizations find in the use of PSSs. Second,
the research provides information regarding
how PSSs are analyzed before being used,
and what challenges are faced by HPs that
use them. Third, seven market-implemented
building component PSSs have been
identified and studied, providing HPs tangible
examples that they may also consider
implementing within individual buildings or
across entire portfolios. Fourth, the research
highlights the prerequisites for building
components that may be good candidates

for PSSs, allowing HPs to review their own
data and identify PSS opportunities, before
reviewing market offerings.
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Societal Relevance

PSSs have already proven their value in
other sectors such as mobility (Uber & Lift)
and media (Spotify, Netflix & Amazon). This
research offers valuable insights into how
the concept of “access over ownership” may
transcend yet another product: buildings.
The use of PSSs has the potential to change
the way real estate portfolios are procured,
managed, and maintained. When PSSs are
leased, the traditional ownership model of
a building becomes even more fragmented.
The ownership of a building asset is no
longer comprised of just owners, investors,
and banks, but now includes manufacturers
and service providers of specific building
components. Since buildings are considered
an appreciating asset, far more so than cars,
music, or movies, the large-scale transition
to “access over ownership” for building
components will likely be met with greater
reluctance until owners gain greater clarity
regarding the financial implications of
leasing.
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3. Research Method and
Approach

Literature Review

The literature review conducted at the
beginning of the research was essential to
gain an understanding of the evolution of
PSSs over the last 20+ years, and how they
can be applied within rental housing. The
literature review was used as the basis for
the theoretical framework which highlighted
potential advantages and challenges for
housing providers when using PSSs. The
literature including reviewing academic
journals and publications, other researcher’s
literature reviews on the topic, as well as
recent publications from “communities of
practice”, which integrate practitioners with
academics. The theoretical framework was
continuously refined during the empirical
research phase.

Empirical Research

The empirical research includes multiple
case studies, expert interviews, and a
financial simulation. The combination

of research strategies provided a more
cohesive understanding of the value PSSs
offer to housing providers that use them.
The qualitative case studies and expert
interviews, via semi-structured interviews,
allowed new information and concepts to
emerge. The case studies allowed for a deep
understanding of specific PSS building
components, while the expert interviews
allowed for a broad understanding of

the phenomenon of PSSs-in-the-built-
environment at large. While the transcription
and coding of qualitative data was quite time
consuming, it offered far more meaningful
insights to be captured. With insights in-
hand, the financial simulation was easier

to construct, as logical constraints and
variables could be identified to answer the
somewhat simple question being asked.
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4. Research Process and
Planning

The research was conducted per the
standard TU Delft MSc schedule, following
the standard checkpoints (P1-P5) of the
Architecture faculty. The literature review
and theoretical framework were more
arduous tasks than expected, which required
reviewing a vast amount of information in a
short period of time. The empirical research
served as a much-welcomed change of pace,
comprising many enjoyable conversations
with other passionate people working within
the built environment. From the beginning

of the research, a weekly schedule was used
and frequently updated to monitor the pace
and ensure the deadlines could be met with a
high-quality output.

The COVID-19 pandemic has certainly
impacted the research, as opportunities to
interact and share ideas with other students
and researchers at the facility has been
reduced to a minimum. Also, conducting
interviews via video chat meant at times

the conversation was delayed (lag in the
connection), and likely some data collection
was missed as the dialogue became hard

to understand. Additionally, just like the
students, advisors have been impacted as
well with more and more meetings each day,
meaning opportunities to meet with advisors
was seldom. Lastly, the COVID-19 pandemic
meant that opportunities to recharge

energy levels and “blow off steam” were very
rare, which at times slowed progress and
diminished motivation.

In conclusion, the research process required
both flexibility and discipline to produce a
high-quality outcome. The final research
produced was above my expectations and
served as a great tool-building and learning
experience that | will carry with me moving
forward.
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Appendix A - Interview Protocol Case Study (Housing Provider)

Graduation Project
12/02/2021

Interview Protocol

Research: Why Rental Housing Providers Use Product-Service-Systems (PSSs)
Institution: Delft University of Technology

Interviewer: David Parker

Introduction

Firstly, thank you for taking the time to participate in this research during this unprecedented period in
history. This interview contributes to my Management in the Built Environment (MBE) master’s degree
graduation project at TU Delft, which would not be possible without your contribution. The research
focuses on understanding why rental housing organizations choose to procure parts of their buildings
using a Product-Service-System (PSS) business model, instead of simply purchasing it outright. The
research aims to understand what advantages the PSS offers the rental housing organization, and what
information and evaluation was used to compare the PSS vs purchasing the product outright.

What is a Product-Service-System (PSS)?
Product-Service-Systems (PSSs) can take shapes in multiple forms, but for simplicity sake they are one
of two options:
1. aphysical product that is purchased in combination with a service/maintenance contract
o Note: the product and service contract must be from the same company.
2. oraphysical product that is leased
o Note: the lease payments must include the servicing/maintenance of the product.

Data Collection

The information gathered in the interview will be used to adjust the propositions that have resulted from
my theoretical research and give new understandings of why rental housing organizations use PSSs.
Please remember there are no “correct” or “incorrect” answers, and the responses will only be used for
academic purposes only. Before we proceed, | will need to you to complete and sign Appendix D: Form of
Consent (attached separately). Additionally, | will ask for your consent to record the interview so | may
transcribe it into text, and afterwards delete the recording. Your answers in the interview will remain
confidential, and findings will be presented in the following format to preserve anonymity. At any point
you can decline to answer a question or withdraw from the interview.

Case PSS Organization Interviewee | Role
Case A | Kitchen | Market-rate rental housing Al CEO & Founder
organization
Kitchen Company A2 Director of Sales
Case B | Elevator | Social rental housing organization B1 Director of
Development
Elevator Company B2 Director of Sales
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Part 1: Introductions and defining the case (70 mins)
e Canyou briefly explain your role at your organization, what you are responsible for, and how many
years you have been working in the field?
e Introduce the case (the building, the PSS, and the stakeholders)
e How long has your organization been using the PSS, and at how many homes is it used?

Part 2: Why did the housing provider use the PSS? (715 mins)
e What advantages/benefits does the PSS offer your organization?
e What problem(s) does the PSS solve?

Part 3: How did the housing provider evaluate the PSS and determine the benefits? (70 mins)
e What analysis did you use when considering the PSS? (Ex: Total Cost of Ownership (TCO) vs Total
Cost of Use (TCU), Life-Cycle-Assessment (LFA), etc.)
e How did you source information?
e How long did it take to come to a decision to use the PSS?

Part 4: How does the arrangement between the stakeholders work? (75 mins)
e What are the responsibilities and risks of each party? (Housing Provider and PSS Provider)
What is the contract duration?
How are payments structured?
What is the physical “product" included in the contract? (Also, what’s not included?)
What is the intangible “service" included in the contract? (Also, what’s not included?)
What “infrastructure” was required to enable the PSS? (Ex: structure, connections
to electricity/water/sewage/internet, etc.)

Part 5: Challenges (5 mins)
e What challenges did you face when procuring or using the PSS?
e Ifchallenges exist, how would you revise/improve the PSS?
e Willyour organization renew the contract for the PSS, or expand its use elsewhere in your
portfolio?
o Why, or why not?

Part 6: Wrap-up and conclude (5 mins)
e Isthere any other material/documents that you can share that would help me better understand
the case?
e Do you have any suggestions to other housing organizations who are considering the use of PSSs?
e Isthere anything else that you would like to mention that you think is relevant to my study?

Part 7 (Only if time permits)
e Doesyour organization use another other PSSs?
o Ifyes, what are some examples?

Thank you!

Again, thank you for taking the time to participate in my research, especially during these hard times. If
you would like, | can share my case study report with you before | publish it so you may confirm the details
of the report, and either decide to remain anonymous, or opt-in to include your identity. Additionally, if
you would like, | can share my finished project with you later this summer once | graduate.

Study contact details for further information: [David Parker, D.F.Parker@student.tudelft.nl]
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Appendix B - Interview Protocol Case Study (PSS Provider)

Graduation Project
12/02/2021

Interview Protocol

Research: Why Rental Housing Providers Use Product-Service-Systems (PSSs)
Institution: Delft University of Technology

Interviewer: David Parker

Introduction

Firstly, thank you for taking the time to participate in this research during this unprecedented period in
history. This interview contributes to my Management in the Built Environment (MBE) master’s degree
graduation project at TU Delft, which would not be possible without your contribution. The research
focuses on understanding why rental housing organizations choose to procure parts of their buildings
using a Product-Service-System (PSS) business model, instead of simply purchasing it outright. The
research aims to understand what advantages the PSS offers the rental housing organization, and what
information and evaluation was used to compare the PSS vs purchasing the product outright.

What is a Product-Service-System (PSS)?
Product-Service-Systems (PSSs) can take shapes in multiple forms, but for simplicity sake they are one
of two options:
1. aphysical product that is purchased in combination with a service/maintenance contract
o Note: the product and service contract must be from the same company.
2. oraphysical product that is leased
o Note: the lease payments must include the servicing/maintenance of the product.

Data Collection

The information gathered in the interview will be used to adjust the propositions that have resulted from
my theoretical research and give new understandings of why rental housing organizations use PSSs.
Please remember there are no “correct” or “incorrect” answers, and the responses will only be used for
academic purposes only. Before we proceed, | will need to you to complete and sign Appendix D: Form of
Consent (attached separately). Additionally, | will ask for your consent to record the interview so | may
transcribe it into text, and afterwards delete the recording. Your answers in the interview will remain
confidential, and findings will be presented in the following format to preserve anonymity. At any point
you can decline to answer a question or withdraw from the interview.

Case PSS Organization Interviewee | Role
Case A | Kitchen | Market-rate rental housing Al CEO & Founder
organization
Kitchen Company A2 Director of Sales
Case B | Elevator | Social rental housing organization B1 Director of
Development
Elevator Company B2 Director of Sales
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Part 1: Introductions and defining the case (70 mins)
e Canyou briefly explain your role at your organization, what you are responsible for, and how many
years you have been working in the field?
Introduce the case (the building, the PSS, and the stakeholders)
How long has your organization been offering the PSS?
How many installations of the PSS have you completed?
How many installations are in negotiations with customers?

Part 2: Why did the housing provider use the PSS? (70 mins)

Regarding your customer:
e What advantages/benefits do you think your PSS offers your customer?
e What problem(s) do you think your PSS solves for them?

Part 3: How did the housing provider evaluate the PSS and determine the benefits? (70 mins)
Regarding your customer:
e What analysis did they use when considering the PSS? (Ex: Total Cost of Ownership (TCO) vs Total
Cost of Use (TCU), Life-Cycle-Assessment (LFA), etc.)
e What information did you provide them initially?
e Did they require additional information from you before they decided to use the PSS?
e How long did it take them to decide to use the PSS?

Part 4: How does the arrangement between the stakeholders work? (75 mins)
e What are the responsibilities and risks of each party? (Housing Provider and PSS Provider)
What is the contract duration?
How are payments structured?
What is the physical “product" included in the contract? (Also, what’s not included?)
What is the intangible “service" included in the contract? (Also, what’s not included?)
What “infrastructure” was required to enable the PSS? (Ex: structure, connections
to electricity/water/sewage/internet, etc.)

Part 5: Challenges (5 mins)
e What challenges did you face when offering the PSS to your customer?
e Ifchallenges exist, how would you revise/improve the PSS? (Ex: contracts, product, service, etc.)

Part 6: Reduced Environmental Impact (5 mins)
e Doesyourorganization remanufacture/recycle materials during the PSS’s use, or at end-of-life?

Part 7: Wrap-up and conclude (5 mins)
e Isthere any other material/documents that you can share that would help me better understand
the case?
e Isthere anything else that you would like to mention that you think is relevant to my study?

Thank you!

Again, thank you for taking the time to participate in my research, especially during these hard times. If
you would like, | can share my case study report with you before | publish it so you may confirm the details
of the report, and either decide to remain anonymous, or opt-in to include your identity. Additionally, if
you would like, | can share my finished project with you later this summer once | graduate.

Study contact details for further information: [David Parker, D.F.Parker@student.tudelft.nl]
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Appendix C - Interview Protocol Expert Study

Graduation Project
12/02/2021

Interview Protocol

Research: Why Rental Housing Providers Use Product-Service-Systems (PSSs)
Institution: Delft University of Technology

Interviewer: David Parker

Introduction

Firstly, thank you for taking the time to participate in this research during this unprecedented period in
history. This interview contributes to my Management in the Built Environment (MBE) master’s degree
graduation project at TU Delft, which would not be possible without your contribution. The research
focuses on understanding why rental housing organizations choose to procure parts of their buildings
using a Product-Service-System (PSS) business model, instead of simply purchasing it outright. The
research aims to understand what advantages the PSS offers the rental housing organization, and what
information and evaluation was used to compare the PSS vs purchasing the product outright.

However, since information pertaining to the use of PSSs in rental housing is relatively scarce, these
preliminary expert interviews are intended to focus on the use of PSSs and circular busines models
(CBMs) within the larger context of the built environment, and real estate in general. Specifically, these
interviews aim to provide insight into the historic trends, state-of-the-art, and future possibilities of
PSSs in the built environment. Additionally, these interviews are intended to gather insights about the
advantages of PSSs for organizations that own real estate.

What is a Product-Service-System (PSS)?
Product-Service-Systems (PSSs) can take shapes in multiple forms, but for simplicity sake they are one
of two options:
1. aphysical product that is purchased in combination with a service/maintenance contract
o Note: the product and service contract must be from the same company.
2. oraphysical product that is leased
o Note: the lease payments must include the servicing/maintenance of the product.

Data Collection

The information gathered in the interview will be used to adjust the propositions that have resulted from
my theoretical research and give new understandings of why real estate owners, and more specifically
rental housing organizations, use PSSs. Please remember there are no “correct” or “incorrect” answers,
and the responses will only be used for academic purposes only. Before we proceed, | will need to you to
complete and sign Appendix E: Form of Consent (attached separately). Additionally, | will ask for your
consent to record the interview so | may transcribe it into text, and afterwards delete the recording. Your
responses will be used in the research with your name and affiliation to establish credibility on the topic.

Part 1: Introductions (70 mins)
e (Canyou briefly explain your role at your organization, what you are responsible for, and how many
years you have been working in the field?
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Part 2: Historic and current market trends regarding PSSs in the built environment (75 mins)
e Whattrends have you seen over the last + decade pertaining to the adoption of circular business
models (CBMs) and Product-Service-Systems (PSSs) in the built environment?
What are the drivers / enablers of PSSs? (Ex: Internet of Things, data, partnerships, etc.)
What are the barriers? (Ex: financing, balance sheet extension, residual value calculation, etc.)
What are the advantages of PSSs?
What are the disadvantages”?
What PSSs are at the cutting edge of innovation? (ex: roads, facades, elevators, etc.)

Part 3: Review of main concepts of theoretical framework (75 mins)
Based on my research so far, PSSs are likely advantageous for organizations that own real estate based
on the strategic, functional, financial, or physical benefits listed at the bottom of this graphic:

Elevators Security Kitchens Facades Roads Etc.
Systems
[ I I [ | |
I
Solutions
Products +
Services
PSS Provider Contract for Access +
| Performance of PSS
Demand
Payments for Consumer of PSS in
maintenance + take back the built environment
Why they use
a PSS
|
[ | I | | | | |
Increased Increased Opportunity Asset value
Market Resident Cost of * Reduced geglr]:ﬁ:ns ;:I?r:jlf;ince Eiesclj(iced g‘::aairsmzzilit
Appeal Satisfaction Capital Depreciation P Y
Strategic Functional Financial Physical

e What are your thoughts on the 8 advantages at the bottom of this graphic?

e Am | missingor overlooking critical reasons why PSSs might be advantageous to real estate
owners?

e What must a real estate owner be aware of, and take into consideration when considering using a
PSS within their portfolio?

Part 3: Future possibilities of PSSs (75 mins)
e How do you envision PSSs in the future of the built environment?
e How do they impact the stakeholders of the built environment?
o Real estate owners, users, financiers, manufacturers, service providers?

Part 4: Wrap-up and conclude (5 mins)
e Isthere any other material/documents that you can share that would help me with my research?
e Isthere anything else that you would like to mention that you think is relevant to my study?

Thank you!

Again, thank you for taking the time to participate in my research, especially during these hard times. If
you would like, | can share my case study report with you before | publish it so you may confirm the details
of the report, and either decide to remain anonymous, or opt-in to include your identity. Additionally, if
you would like, | can share my finished project with you later this summer once | graduate.

Study contact details for further information: [David Parker, D.F.Parker@student.tudelft.nl]
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Appendix D - Form of Consent Case Study

Informed Consent Form

Research: Why Rental Housing Providers Use Product-Service-Systems (PSSs)
Institution: Delft University of Technology

Interviewer: David Parker

Please tick the appropriate boxes
Taking part in the study Yes

1. Ihave read and understood the study information dated 12/02/2021, or it has been O
read to me. | have been able to ask questions about the study and my questions have
been answered to my satisfaction.

2. lconsentvoluntarily to be a participant in this study and understand that | can refuse O
to answer questions and | can withdraw from the study at any time, without having to
give a reason.

3. lunderstand that taking part in the study involves answering questions that will be O
audio-recorded, with the sole purpose of transcribing the interview, after which, the
recordings will be deleted.

Use of the information in the study

4. lunderstand that information | provide will be used only for academic purposes for =
the graduation project and corresponding presentation at TU Delft, unless indicated
that certain information is confidential.

5. lunderstand that personal information collected about me that can identify me, such O
as [e.g. my name or where | live], will not be shared beyond the study team.

6. lagreethat myinformation can be quoted in research outputs. O

Future use of information by others

7. 1 give permission for the publication of graduation thesis results at the TU Delft
educational repository, which are partially based on the anonymized transcripts of 0
this interview, to be used for future research and learning.

Name of participant [printed] Signature Date [DD/MM/YYY]

| have accurately read out the information sheet to the potential participant and, to the best of my
ability, ensured that the participant understands to what they are freely consenting.

David Parker 12/02/2021

Researcher name [printed] Signature Date [DD/MM/YYY]

Study contact details for further information: [David Parker, D.F.Parker@student.tudelft.nl]
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Appendix E - Form of Consent Expert Study

Informed Consent Form

Research: Why Rental Housing Providers Use Product-Service-Systems (PSSs)
Institution: Delft University of Technology

Interviewer: David Parker

Please tick the appropriate boxes
Taking part in the study Yes
1. I'have read and understood the study information dated 12/02/2021, or it has been
read to me. | have been able to ask questions about the study and my questions have
been answered to my satisfaction.
2. lconsentvoluntarily to be a participant in this study and understand that | can O
refuse to answer questions and | can withdraw from the study at any time, without
having to give a reason.
3. lunderstand that taking part in the study involves answering questions that will be O
audio-recorded, with the sole purpose of transcribing the interview, after which, the
recordings will be deleted.

Use of the information in the study

O
4. lunderstand that information | provide will be used only for academic purposes for
the graduation project and corresponding presentation at TU Delft, unless indicated
that certain information is confidential.
5. lunderstand that personal information collected about me that can identify me, O
such as [e.g. my name or where | live], will not be shared beyond the study team.
6. lagreethat myinformation can be quoted in research outputs. O
7. lagreethat my real name can be used for quotes. d
Future use of information by others
8. | give permission for the publication of graduation thesis results at the TU Delft m
educational repository, which are partially based on the transcripts of this interview,
to be used for future research and learning.
Name of participant [printed] Signature Date [DD/MM/YYY]

| have accurately read out the information sheet to the potential participant and, to the best of my
ability, ensured that the participant understands to what they are freely consenting.

David Parker 12/02/2021

Researcher name [printed] Signature Date [DD/MM/YYY]

Study contact details for further information: [David Parker, D.F.Parker@student.tudelft.nl]
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Appendix F - List of Interviews

Code # | Organization Role Interviewee | Type
Name
Case A - HP1 - Reg|onal Director of .
Social/ Affordable | Maintenance .
01 . . - - Video call
Housing Provider | Regional Director of
Case A-HP?2 : -
Maintenance
Case A- PSSP | 02 | Elevator Provider National Account - Video call
Manager
Case B-HP 03 I\/Iarkgt Rate . Owner & CEO - Video call
Housing Provider
Case B- PSSP | 04 | Kitchen Provider Co-founder & CEO - Video call
Demand Case C-HP 05 Mark?t Rate . Technical Developer - Video call
+ Housing Provider
Supply T ;
Case C- PSSP | 06 | Window Provider | SPecialist Circular - Video call
Facades
) Project Leader and
Case D -HP 07 Soma_l/ Afford_able Consultant Sustainable - Video call
Housing Provider
Energy
Case D - PSSP | 08 | Battery Provider Client Developer - Video call
Case E - HP 09 Market Rate Senior Project . Video call
Housing Provider | Developer
Case E- PSSP | 10 | Elevator Provider Head of _Sales New - Video call
Installations
Supply- | CaseF-PSSP | 11 Ereo(’i;g:rmp Managing Partner - Video call
Onl
Y Case G- PSSP | 12 | PV Panel Provider | Director - Video call
Commercial Advisor Rob van
Expert 1 13 | ABN AMRO Product-as-a-Service . Video call
Willigen
(PaaS)
Business Developer,
Circular Economy Mark van .
Expert 2 14 | TNO Buildings & Ommen Video call
Infrastructure
Co Founder, circular
Experts
economy expert and Sabine
Expert 3 15 | Turntoo innovator, experienced Video call
Oberhuber
speaker, author of
Material Matters
. Founder and . . .
Expert 4 16 | Een Veilig Gevoel Shareholder Rick Ruisch | Video call
. Circular Innovation Jeroen .
Expert 5 17 | Volantis Consultant Reumkens Video call
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Appendix G - Financial Model

DEVELOPMENT FINANCING

RATE OF RETURN

Internal Rate of Return 8.00%
Gross Exit Yield 6.00%
Loan-to-value 70%
Interest Rate 3.5%
Ammortization 1.0%
Development Costs €10,000,000
Land Cost €3,000,000
All-Inclusive Development Costs € 13,000,000

ASSET MANAGMENT

Inflation 2.1%
Vacancy (loss of rent) 5.0%
Aparment Monthly Rent € 1,600
Number of Apartments 50
Building Annual Rent € 960,000
Mgmt./Maint. costs/apartment -1500
Annual Mgmt./Maint. costs -€ 75,000
Income tax 25%
Capital gain tax 25%
Risidual Value % (of Purchase Price) 50%
Depreciable Life 30

PSS

Cost Indexation 2.1%
Periods (Terms in Months) 15
Residual Value to Manufacturer 30.0%
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09. APPENDICES

JLL'E0V'L D 6622273 BLY'LLY D €28'GBES  L0S'08E 3 €9V'GOE S 889'0S€ 3 GLL'OEE S 616°1CE D GL6'L0E 3 LSL'V6Z D  LY9'08C 3 L9E'L9TD  TLEVST S CLS'EVT D 000'00€'€ 3> 8LY'10S'L 3 %82¢CL (xeL 1o3y) mopysed Aynb3 joN

70S'€65'6 3 882'¥8G 3 ¥IL'€E9S 3 02ETYS 3 868'12G 3 0v8'L0S 3 OvL'Z8Y3>  68.29Y 3 L8L'EYY 3 60L'GZY 3 G9L'90V 3>  €¥2'88€3 LE0'LLED  6E9'ESE 3 BECT'6EE 3 000'00€'€ 3~ I¥E0S0°E 3 %66°S 1 (xe] a10j58) MoJysed Mnb3 3N
)6'925'9L 3 8Y¥'868 3 696'6.83 0/8'1983 EVL'¥¥83 082'9283 GL2'6083  6LL'€6L3 908'9L.3 628°09L3 08L'SV.3>  €98'62.3 Z¥8'¥LL3  6EL°00L3 8€L'G89 3 000'000°LL 3= 2EE'66Y 3 %058 Mojjyse) juswiysanul 32N

SMOJj Ysed JoN

€EE'EED EEE'CED EEE'EED EEE'EED  ECEE'EED €EE'EED €ee'eed €EE'EED €EE'EED E€CE'CED EEE'EED €EE'CED E€EEEED €ec'eey gee'eed uoyerdaidaq lejoL

)00°00S°Z 3€€'€E€S'2 3 99'99S°2 3 000°009°L 3EE'EEY’'L 339'999'2 3 000°00L°L 3 EE'€EL'L 3 99°992°2 300008, 3 €EE'€E8'L S 39'998°2L 3 000°006°L 3 3€'€€6°L 3 £99'996'L3 000°000°8 3 Kpadoud anjep yoog
SMO|} Ysed-uou) }aays adsuejeq [eas|y

Sov'vEZ 3 091'/€23 SS8'6€C3 0SS'2he 3  SYC'SPZ 3 0V6'LPC 3 GE'0SZ3  0E€'€SZ 3 G20'9SC 3 022'8523 SLY'L9Z3  OLL'¥9Z3 S08'9923  00S'692 3 0056923 03 sjuawAhed jsaiau
00023 00023 000°2.3 00023 000'Z.3 000'..3 000'LL3 000’223 000'..3 000'2.3 000'LL3 00023 000'2L3 00023 000'2L3 03 uopezipowy
)00'229'9 3)00°669'9 3 00'922'9 3 000°€S58'9 300°0€6'9 330'200°2 3 000'780°2 3 00°L9L°2 3 00°8€2°L 300'GLE'L 3> 000'26€°L 3 D0'69¥'L 3 000'9¥S'L 3 )0°€29'2L 3 000°002'L3  000'00L°L 3 dduejeg ueot

SMOJ} YSed-uou) suolje|nd|ed :a|npayas 3qaa

6.'681°C 3 686'9S) 3-S69°LSL 3 L6V'OV) 3 L6E'LYL 3-LLE'OEL 3+ ZSYLEL 3 PLO'OZL 3-Z98°LZL 3- V6L LLL 3-|809°ZLL 3= :01'80L 3- 9.9°€0L 3- | 9ZE'66 3 9ZL'G6 3 03 Aynqger xey jejoy
Lv'120'C 3 Xe[ ureb [eyded
6.€'291 3~ 686'9G} 3-G69°'LSL 3 L6V'O¥L 3- L6E LYl 3-LLE'OEL 3~ CSY'LEL 3 PLO'OC) 3-298'LZL 3- 6L LLL 3- 809'CLL 3= tOL'80L 3~ 9/9'€0L 3 9ZE'66 3- 92L'G6 3~ 03 Xe| swoodu|
L1S'6¥93 G56'/293 182'0093 986'G8S 3 ¥9S'G9S 3 L0S'SPS D L08'GZS 3 9SY'90S 3 8¥Y'/8F S 9/2'89V 3 ZEY'0SY D OLY'ZEY S €0L'VIY3  GOE'L6E3 G06'28€E3 03 BWOodU| d|gexe|

uies |ejided pue awoau|

2

2

SOV LLE 3~ 09L'VLE 3-'GS8'OLE - 0SS'6LE 3~ 5VZ'CTE 3-IV6'VCE 3- S€9°22€ >~ DEE'0EE - G2O'EEE 3- DZL'SEE 3~ SLY'8EE D DLLLPE 3 SO8'EVE - )0OG'OVE 3~ 00S'OVED- 03 9DIAIBS 1q93( [ejoL
0'000°2Z 3-0°000°2Z 3-)'000°2Z 3-)0°000°22 3-1"000°ZL 3- '000°2L 3- 00°000°ZZ 3-1000°ZL 3-)'000°LL 3-1000°ZL 3~ 00°000°ZZ 3-"000°ZL 3~ 00°000°2L 3- "000°Z. 3- 00°000°2.3 03 uonezpowwy
SOV'vEZ 3~ 091'LET 3 GS8'6EC 3~ 0SS'CYZ 3 5¥2'SYZ 3-I¥6'L¥Z - GE€9'0SC - DEE'EST 3- 520'9S 3 02852 3 SL¥'L9Z 3~ DLL'Y9Z 3- S08'99Z - )0S'69C 3- 00S'6923 03 sjuswAed ysesep]
e e =125 1252
000°00€°€ 3- juawysanu| Aynbg
002299 3 0000022 3 i9ea
i9'609°GL 3 000°000°L} 3- juswisaiu|
000°000°€ 3~ 1800 pue’
000°000'8 3~ i i i seed Yyum s3sod juswdojanaq i
000°000°0} 3~ (Seed OoN) sjsoQ juswdojarsq [eu
6.6°9€63 91€°L163> 8Y'8683 696'6.83 0.8°1983 EVL'PY8 3 082'9Z83 GL2°6083 6LL'€6L 3 908'9LL3 628°09L3 08L'SPL3> €S8'6ZL3 Z¥8'¥IL3  6EL'00L 3 8€2'G89 3 03 awoouj Bunesado 3oN
820'60€ 3~ | 129°C0€ 3~ 9¥1'96Z 3- 6V€°06C I~ | LLE'VBZ 3~ BZG'8LT 3-56L'TLZ 3~ 881°L9T 3 E69°'L9Z 3 DLE'OSZ 3-BEO'LSZ 3| GL8'SYZ 3~ 318'0VZ 3~ G98'SEZ 3~ 1L0'LECT I 2929223 03 sesuadx3 bugesado
080°/22 3 |60%'222 3-/G€8°L12 3 ¥SE'€LZ 3| 996'80C 3~ www..vom = wmv.oou 3/G€€'961 - rmNNQ_, 3-zve'ssl W.ww.v..vw_. 3 v/9'08L 3 wmm.ohr 3 8LE'€LL > 361691 3-/292'99L> 03 069'709'} 3~ SSd
18v'0C 3 990'0c3> €G9'6L3> 6vC'6L> €98'8L3  SOV'8L3> G80'8L3 ELLULD 6YE'LL3> 266'9L3 €v9'9L3> 00€'9L 3 G96'SL 3 L€9'GL 3> SlE'SL 3 000GL 3 03 185'6€L 3 (Buroinosino o} anp) uoRonpay
SEY'Z0L 3~ 82€'00L 3- ¥92'86 3~ €¥C'963- VYIZ'¥V6 -  GZE'C63 92¥'06 3 995'88 3 ¥v.'98 3 096'¥83- €12'€83- 10S'183  G28'6L3 €8L'8L3  G/G'9L3 000'GL3 03 sesuadxe soueuBjUIEAUBWSBERUEN [ENUUY
AdN
209°6v2°) 3 186'612°L 3768'V6L°L 3 LE'0LL'L 3 9PZ VL)L 329°221 ) 3£5°660°L 3 €96°920°L 3 18'VS0‘L 3 LL'EE0'L 3 98°LL0°L 3 SSO'L663  129°026 3 9020563  ZSL'LE6 3 000°TL6 3 03 awodu| ssol9 |eljusjod
86G6'G9 3~ 0lZ'¥93 688293 965193 62€093 880653 €/8/S3 289'9G > 91G6'66 3 G/EWG 3 952°€5 3 191263 880°LS 3 LE0'0S3-  800°6v 3 000'8Y 3 03 (Roueden) juai Jo ss07
SOLLLE'L 3 161'¥8C L 3:8L°LG2°L 3 L6°LET'L 3 GLS'90C'L 3G2°L8L'L 35¥'2GL'L 3 S¥O'EELL 3 2E'0LLL 3 6¥'280°L 32L'GI0'L 3 9LZ'EV0’L 3 52'120°L 3 €¥2°000°L 3 091086 3 000°096 3 03 000°096 3 juas Apea
sasuadxa pue awoauj bunesado
pouad
%0708 JaINIOBJNUBI O} GN[EA [ENPISOY €EEEE3 Uonepaidap [enuuy 000223 UONEZIOWWY [EnUUY %009 POIA X3 SSOID
Sl {SUIUOI Ul SWwia]) spolad 0¢ )1 9|qeraidaq %00+ UONEZIHOWWY %008 UInay J0 ejey [euie]
%1C uonexapu| 1s0Q 000°000°}3 siseq a|qetaidaq %08 ojey isalea| NiNL3y 40 31V
SSd 000°000'v3 SN[eA [enpisay %000 dn(eA-0}-ueo] %0°S (yuay Jo ssoj) Aouedep
%0S (99114 @seydINnd JO) % enjeA [enpisiy JJIAY3S 1930 %1C uoneyu|
§9'609'GL w_ 9l=}1e |njeA [eulwial 000°000°€3 anjeA pue 000'623- S}S0D “JUle/JWB [enuuy S3AX3ANI
615°9€6 3 _ (91=119d) ION [enusjod 00000083 Ryadoid soud sseyoind [eniu] 00G°13- Juswiede/sjsod “Jule/ JWDN
ANTVA TVNINYIL NOLLVIOFHd3A TVNNNVY ONIATINg / SASNIdX3

179



Product-Service-Systems in Rental Housing

)87'G0V'8 3 8G2'L8Y 3 LSL'VO¥ 3 ¥90'8vY 3 €L9'LEV 3 8/G'GLY 3 TLL'66E3  0ST'YBE 3 S00'69E€ 3 CEO'YSE S 9ZE'6EE S  088'VCE 3 069'0LE >  1G2'962 3 LL0'G8Z 3 000'00€'€ 3~ 0S0'6YL'C 3 %68°€L (xey 1ayy) mojysed Aunb3 joN

51'626'0L 3 006'9S9 3 Z€Z'WE9 3 S/6'LL93  0ZL'06S 3 099'89S 3 G8G'/¥G 3>  888'92G 3 295905 3 86G'98Y 3 066'99v 3 62L'Lvy 3 608'82y 3  €2C'0LY 3 659'V6E 3 000'00€'€ 3>~ 2S8'ELB'E D %98°LL (xe] a10jeg) mopysed Minb3 3N
39'298°2LL 3 090°4263 /80°LG63 STSLE€63 G9EZTL63 009°€683 022'G/83  8LZ'/G83 /8S'6€83 8lECC83 SOV'G083  6€8'88L3 ¥19CLLD €2L'9GL3 6GL°LYL3 000°000°LL 3~ €¥8°Z9E°L 3 %EE6 Mojjyse) Jusuiysau] 3oN

SMOJj ysed JaN

€EE'EED EEE'EED EEE'EED EEE'EED  EEE'EED €EE'EED €€E'eE €EE'EED EEE'EED EEE'EED EEE'EED €EE'CED EEE'EED €EE'EED EEE'EED uoneroaidaq |ejoL

)00°00S°Z 33€€'€€S'2 3 99'99S'2 3 000°009'L 3EE'EE€9'2 399'999°L 3 000'00LL 3 E€'€EL'L 3 99'99.°2300°008'L 3 €€€'€€8'L 3 999982 3 000°006'L 3 2€'€€6'L 3 299'996'L3 000°000°8 3 Kuado.d anjep soog
SMOJ} Yses-uou) }aays asue|eq [easiq

SOV'VET 3 0912623 SS8'6€CT 3 0SS'Che 3>  SYC'SPZ 3 OV6'LPZ D GEQ'0SZS  0E€'€5Z 3 G20'9SC 3 0228523 SLY'L9Z3>  OLL'Y9Z 3 G08'9923 005692 3 0056923 03 sjuswiAed jsauem]
000°23 000'2.3 00023 00023 000'Z.3 000°/.3 000'LL3 000’223 000'..3 000'ZL3 000'LL3 000'2Z3 000'2L3 000223 000'2L3 03 uonezijowy
)00'229'9 3)00'669'9 3 00'922'9 3 000'€S8'9 300'0€6'9 330'200'2 3 000'¥80°2 3 00°L9L'2 3 00°8€2°L 300'GLE'L 3> 000'26€'L 3 D0'69¥'L 3 000'9¥S'L 3 )0°€29'2L 3 000°002'23  000°00L'L 3 douejeg ueo’

SMOJ} YSEDd-uou) suolje|ndjes :a|npayas 3qag

LL'€2S'T > ZYL'SLL 3 SLV'69L - |016'€9L - LyP'8SL 3-780°CSL 3 €18°LVL 3 BEI'ZPL 3- LGS'LEL 3-39G°2EL 3+ ¥99°'L2)L 3~ 5¥8'ZZL 3 6LL'8LL D> ZIV'ELL 3 185°60L3 03 Ager xey jejor
08°2YeZ 3 Xe| ureb eyided
€16'081 3~ ZVL'SLL 3-GLV'69L 3~ 0L6'€9L 3~ L¥b'8GL 3-280'€GL 3 €18'LYL - 3€9'ChL 3- LSG'LEL 3-99S'CEL 3 ¥99'/2L 3 5v8'2CL 3 6LL'8LL 3= Zib'ELL 3 18S'60L> 03 Xg| swoodu|
¥G9'€CL 3 995003 668'2/93 CY9'SG93 /8L'€E93 9ZE'TLO3 2ST'L6G > GGS'0.S 3 62C°0GS 3 S9Z'0EG 3 LG9'0LG D  96EL6Y 3 9/¥'TL¥ D> 068'€S S 9ZE'BEVS 03 BWodU| B|gexe|

uies [ejided pue awodu|

SOV'LLE 3- 091'VLE 3-GS8'OLE >~ 0SS'6LE 3~ 5PZTZE 3 DV6'VZE 3+ GEQ'A2E 3~ DEE'0EE 3- G20'EEE 3- D2L'GEE 3~ SLY'8EE 3~ DIL'LYE 3- SOB'EVE D )0S'OVE3- 00S'9¥ES- 03 991MI9S 399 [ejoL
000024 3-0°000°2Z 3- Y0002 3-)0'000'2 3 00022 310002 3~ 00°000°2 3-1'000°2L 3-Y000°2Z 3-1000'ZL 3~ 00°000'2L 3-000°2Z 3 00'000°2 3~ 0002, 3- 001000223 03 uopeziowwyY
S9V'VEZ 3- 091'LET - GS8'6EC 3~ 0SS'ZYT - 3vC'SKT 3-)V6'L¥T - GE9'0SZ 3~ DEE'EST 3- G20'9ST 3- 022’85 3~ GL¥'19Z 3~ DIL'¥9Z 3- G08'99Z 3 )0S'69Z 3- 0056923 03 sjuswiked jsasajul
000°00€°€ 3~ juswysanul Aynbg
007229'9 3 00000223 19°a
)12'LL8°9L D 000°000°LL 3~ juswisaAu|
000°000°€ 3~ 1500 pue
00000083 | 7 7 Seed uiim s3s09 juswidojenea
00000001 3 (Seed oN) s1500 juswidojarag feu
2L2'TI0'L 3 2SV'1663 090°1.63 280°1S63 S2S'LE63 SOE'ZLED 009'c683 022'G/83  8L2Z'AS83 L8S'6E83 81€'7283 SOV'G083  6€8'883 PL9'TLL3  €2ZL'9SL3 6SL'IWL3 03 awioouj Bugesado 3oN
VEE'EET 3~ G€9'82Z 3- G€8'E2Z - LET'64Z 3 T2L'VIZ - SOE'0L 3-)86'S0Z 3~ €vL°L0Z 3~ 6S'L6L 3 6ZS'E6) 37 BYS'68) 3- 099'G8L >~ Ze8'l8l > 260'8LL 3~ 5Z¥'vAL3- LW'0LL3 03 sesuadx3 Bugeisdo
188161 3~ |€L2'8Y) 3 €2T'SYL 3-9€T'TY) - | LIE'6EL - ShP'OEL 3-5E9'EE) 3~ 068'0EL 3~ B61'8T) 3-195'STL 3-5L6'22) 3| 6VY'0ZL 3 2L6'LLL 3 GYS'SLL 3 39L'€LL 3 1v80LL 3 03 €61'690'} 3 | ssd
18Y'023  990'0z3 €S9'6L3 6YZ6L3 €98'8L3  SOV'8L3 S80'8L3 €1L'/L3  6YELLD 266913 €9'OL3 00E'9L3  G96'GL3 L€9'6L3  GIE'GL3 00063 03 185'6€1 3 (Burounosino o} anp) uoonpay
SEV'Z0L 3~ §ZE'00L 3 ¥9T'86 3 EVZ'963 YITVE3  GZET63 9Zr'063- 995'883-  vpL'983- 09683 €12'€83- 10S'183  GZ8'6L3- €81'8.3- GLG'OL3- 0006.3- 03 sosuadxa soueusjuIBAUSLIBBEUBI [enuUY
AdN
£09'sv2') 3 186612} 3768'V61') 3 LE'0LL') 3 9VZ'OVL') 319221’} 3L5'660'L 3 £96'90'L 3 18'¥S0°) 3 LL'EL0'L 3 98°LL0'L 3 SSO'L66 3  1.9'0L63 9020563  ZSL'LE6 3 0002163 03 auoouj ssoi9 [epusiod
85593 0IZ¥93- 688793 965193 62€093 880653 €/87G3 89953 91GGG3 G/E¥G3 95C €53 191CG3 980163 /60053 8006v - 0008Y3- 03 (Roueoen) ua1 jo 507
SOL'LLE'L 3 161'¥8T') 318L°L5T) 3 L6'bET'L 3 §2G'902') 35L'48L'L 35¥'LGL'L 3 GrO'EEL'L 3 TE'0LL'L 365'280')L 321'G90') 3 942'€r0') 3 32'120°L 3 €42'000°L 3 091'086 3 0000963 03 000096 3 yual Aeax
sasuadxa pue awodui buesadg
pouad
%0°0¢ J3INBINUEIN 0} 3NIEA [ENPISay €EEEEd e 000243 UOREZIHOWIWY [enuuy %009 PIBIA 3T $S019
5l (SUpUOW Ur swia)) spouiad 0g 3ji7 dlqenaidag %00’} uoRezioWwwy %008 uIniay J0 Sjey] [eusajul
%1C UOREXpUI 1500 000'000°13 siseq ajqeraidea %05 € a1ey sarRul NaN.13Y 40 31V
ssd 00000073 3N[eA [enpIsay %00 0L BN[eA-OF-UEOT %0'G (a1 jo ssoj) Aoueoep
%0S (s911d 3seying Jo) % anleA [enpisty 30IA¥3S 1830 %lZ uoneyul
2128791 3] 91=}18 3NjeA euluiaL 00070003 anjeA pue 000623~ §1500 JUIBIN/TWBIA fenuuy S3X3aNI

Bwoou|

122101 w_ (91=119d) ION [ehusjod 000°000'83 Auadoid eoud aseyoind [eniu] 00S'13- juswiiede/sisod JuleN/ Wb

S3aXVL

ANTVA TVNINYEL NOILYIO3¥d3A TVNNNY ONIATING / SASNAdX3

180



09. APPENDICES

362'196'v 3 L62'06C 3 808'L.T3 6ES'SITI S8K'ESCTI OV9'LYPZ S LO0'0EZS  ¥9S'8LZ 3 G2EL0Z 3 8L2'96) 3 2Z¥'S8L 3> 0SL'WLL 3 L9Z'¥IL > 6V6'ESL 3 6Y9'SHL 3 000°000°€ 3~ 991902 3 %lL'8 (xeL 1o3y) mopysed Aynb3 joN

505°26€'93 0V8'YOY 3 681'88€ 3 0€8'LLE3 /GL'GSE D G96'6EE S Ov¥'¥CES  L6L'60E3 LLZ'W6Z 3 28V'6/23 L00'S9C3 8.L°0SC23 26L'96T3  €V0'€2Z 3 LL6'LLT3 000'000°€ 3=  ¥89°0L2'} 3 %v0°CL (xe] a10j58) MoJysed Mnb3 3N
39'00L°CL 3 OV¥'0693 6£2'9L93 0£€'T993 L0L'8Y93 GIE'GEIS 9622293  L6V'6093 196'96S > 289'V8S 3 LS9'2LG 3  8/8'09S 3 ZYE'6YS >  €v0'8€S 3 LL6'92G 3 000'000°0} 3= GL¥'8¥0'L 3 %8L'9 Mojjyse) juswiysanul 32N

SMOJj Ysed JoN

299913  199'0L 3 199'0L3> 199°9L3 199913 .99'0L 3 .99°0L3 299913 199'0L 3 199'9L3> 199913 199913 199°9L 3 199'9L 3 199'9L 3 uoyerdaidaq lejoL

)00°0S2°9 3199'992'9 3 €€'€8.'9 3 0000089 3999189 3EE'€E€8'9 3 000°0S8'9 3 99'998'0 3 €€'€88°0 3 00'006'9 3 L99'916'9 3 EE'EE6'9 3 000°0S6'9 3 99'996'9 3 €€€'€86'93  000°000°L 3 Kpadoud anjep yoog
SMO|} Ysed-uou) }aays adsuejeq [eas|y

0SL'€lz3 009'GlZ3 0S0'8LZ3 00S'02Z3 0S6'22Z 3 00¥'SCZ 3 0S8°'£223  00€'0€Z 3 0SL°TEC 3 002'SEZ 3 0S9°Z€23  00L'0¥Z 3 0SS'2¥23  000'S¥Z 3 000'6¥23 03 sjuawAhed jsaiau
000043 000023 000°0.3 000023 000023 000'0.3 000'0L3 000'023 000023 000023 000'0L3 000023 00003 000023 00003 03 uopezipowy
)00°020°9 3)00°060'9 3 00°091'9 3 000°0€2'9 300°00€°9 320'02£°9 3 000'0¥¥*9 3 00°0L5'9 3 00°085°9 3 00°059°9 3 0000229 3 J0'062°9 3 000°098°9 3 )0°0€6'9 3 000°000°'23  000°000°L 3 dduejeg ueot

SMOJ} YSed-uou) suolje|nd|ed :a|npayas 3qaa

LZ0EV'L 3> EVSPLL 3+ 18E0LL 3+ 162901 3 £L2°201 3- $2E'86 3~ SYP'P63-  €€9°06 - 988°98 3 10Z'€8 3 G8G'6L3  820°9L3 LESTLI | ¥60'69 3= LZE'99 3>~ 03 Aynqger xey jejoy
Y LLE"L 3- Xe[ ureb [eyded
182'8LL 3 €¥S'¥LL 3 L8E0LL 3- L6T'90L 3- £42°20L 3- ¥ZE'86 3 SYy'¥63-  €€9'06 3~ 988'98 3~ ¥OCZ'€83- G8S'6L3  82Z0'9L3 LESTLI  ¥60'69 3- LZE'99 3 03 Xe| swodu|
€ZL'GLY3 €L1'8SY3 22S'Lvv 3 €91'GZ¥r3  1L60'60Y 3 862'€6E€ D 082223  0€5'29E 3 v¥S'LVE S 918'ZEC S OVE'BLED  LLL'VOE D GZL'06Z3 9/£'9/23 0L€'S9Z3 03 BWOodU| d|gexe|

uies |ejided pue awoau|

2

2

051682 3- 009'S8Z 3-050°88Z 3~ | 00S°06Z 3~ DS6°C6Z 3-)0V'S6Z 3- 068°26C >~ DOE'00E 3- 0SLZ0E 3- DOZ'SOE 3 0S9°20€ 3~ DOL'OLE 3- 0SS'ZLE >~ )O0'GLE 3~ 000°GLED- 03 9DIAIBS 1q93( [ejoL
0°000°04 3-0°000°0Z 3-)"000°0. 3-0°000°0Z 3-1"000°0£ 3- '000°0Z 3- 00°000°0Z 3-)'000°0Z 3-)'000°0Z 3-1"000°0£ 3 00°000°0Z 3-"000°0Z 3~ 00°000°0Z 3- "000°0Z 3- 00°000°'0L3 03 uonezpowwy
0SL'€LZ 3~ 009'G1Z 3-050'8LZ - 00S'02¢C 3~ DS6'22C 3-)0¥'G2Z 3 068'22Z 3~ D0E'0EZ 3- 0S2'CET 3-D02'GEC 3~ 069°L€Z 3 10L'0¥Z 3- 0S5'2¥Z 3- )00'G¥Z - 000'G¥Cd> 03 sjuswAed ysesep]
e e =125 1252
000°000°€ 3- juawysanu| Aynbg
00'020'9 3- 0000002 3 i9ea
12'G66°LL 3 0000000 > juswisaau|
000°000°€ 3~ 1800 pue
0000002 3~ i i i seed Yypm sjsod juswdojanaq i
000°000°0L 3~ (Seed OoN) sjsoQ juswdojarsq [eu
€VL'61L3 6€6'V0LD OVH'0693 6£2'9.93 0£€T993 L0L'8Y9 3 GIE'GE9 D 9622293  L6V'609 3 L96'96S 3 289'V8S 3 LG9'2LS 3>  8./8°09S 3 ZVE'6YS 3  €V0'8ES 3 L16°9ZS 3 03 awoouj Bunesado 3oN
$98'G2S 3- | 8Y0'SLS 3~ ¥SY'0S 3- 6L0'V6Y - 916'€8Y 3+ E96'ELY 3 3LZT'VIYV 3~ L99'VSY 3 5LE'ShY 3 9GL'9EY 3~ 58L°L2Y 3~ 66E'BLY 3 I6L'60¥ 3~ ¥9ELOV 3- 30L'€6€ 3 €20°G8ED> 03 sesuadx3 bugesado
09L'vSY 3~ |818'VYY 3| 699°GEY 3-80L'92 3| 2€6'LLY 3~ vmm.mow W.tm.oo.v 310L9'26€ - me:vwm 3-1¥89'9/¢€ W.wmm.wom 3 /8¥E'L9E - Tm.mmm 3 9€9'9¥€ 3~ )0G'6EE 3-/€25'CEED> 03 08€'602'€ 3~ SSd
0€L'0€ 3 860'0€3> 6.v'6C3> €/8'823 6.2'8C3 169'/C3 8ZL'LT3 0,593 €20'923 88¥'GZ3 V96'vC3 0SY'vC 3 L¥6'€T3 SSY'€C 3 €16'223 00523 03 08€'60C 3 (Buroinosino o} anp) uoRonpay
SEY'Z0L 3~ 82€'00L 3- ¥92'86 3~ €¥C'963- VYIZ'¥V6 -  GZE'C63 92¥'06 3 995'88 3 ¥v.'98 3 096'¥83- €12'€83- 10S'183  G28'6L3 €8L'8L3  G/G'9L3 000'GL3 03 sesuadxe soueuBjUIEAUBWSBERUEN [ENUUY
AdN
209°6v2°) 3 186'612°L 3768'V6L°L 3 LE'0LL'L 3 9PZ VL)L 329°221 ) 3£5°660°L 3 €96°920°L 3 18'VS0‘L 3 LL'EE0'L 3 98°LL0°L 3 SSO'L663  129°026 3 9020563  ZSL'LE6 3 000°TL6 3 03 awodu| ssol9 |eljusjod
86G6'G9 3~ 0lZ'¥93 688293 965193 62€093 880653 €/8/S3 289'9G > 91G6'66 3 G/EWG 3 952°€5 3 191263 880°LS 3 LE0'0S3-  800°6v 3 000'8Y 3 03 (Roueden) juai Jo ss07
SOLLLE'L 3 161'¥8C L 3:8L°LG2°L 3 L6°LET'L 3 GLS'90C'L 3G2°L8L'L 35¥'2GL'L 3 S¥O'EELL 3 2E'0LLL 3 6¥'280°L 32L'GI0'L 3 9LZ'EV0’L 3 52'120°L 3 €¥2°000°L 3 091086 3 000°096 3 03 000°096 3 juas Apea
sasuadxa pue awoauj bunesado
pouad
%0708 JaINIOBJNUBI O} GN[EA [ENPISOY 799913 Uonepaidap [enuuy 000023 UONEZIOWWY [EnUUY %009 POIA X3 SSOID
Sl {SUIUOI Ul SWwia]) spolad 0¢ )1 9|qeraidaq %00+ UONEZIHOWWY %008 UInay J0 ejey [euie]
%1C uonexapu| 1s0Q 000°00S3 siseq a|qetaidaq %08 ojey isalea| NiNL3y 40 31V
SSd 000°00S'€> SN[eA [enpisay %000 dn(eA-0}-ueo] %0°S (yuay Jo ssoj) Aouedep
%0S (99114 @seydINnd JO) % enjeA [enpisiy JJIAY3S 1930 %1C uoneyu|
1'G66'LL w_ 9l=}1e |njeA [eulwial 000°000°€3 anjeA pue 000'623- S}S0D “JUle/JWB [enuuy S3AX3ANI
€VL6LLD _ (91=119d) ION [enusjod 000°000°23 Ryadoid soud sseyoind [eniu] 00G°13- Juswiede/sjsod “Jule/ JWDN
ANTVA TVNINYIL NOLLVIOFHd3A TVNNNVY ONIATINg / SASNIdX3 %00°001

%00°0€

181



Product-Service-Systems in Rental Housing

1V6'69Y'9 3> G86'LLE 3 918'/GE3 LOB'EYES SEC'0EE S TI8'OLES LZ9'C0ES  9/9'06Z 3 €56'L/C 3 ¥SV'GOZ 3 vLL'ESZS  60L'LbZ 3 SGC'62C3  909'L1Z 3 166'202 3 000'000°€ 3= GL9°LLL'L 3 %YL LY (xey 1ayy) mojysed Aunb3 joN

Y0'LOY'83 LGL'ELG S 998'V6Y 3 €LE'9LF 3  160'8SY 3 ¥6L'OVY 3 ¥L9'ZCr 3  GYE'SOY > 28€'88E D 9LL'LIE D €VE'SGED  LGT'6EE 3 LGH'EZED  0T6'L0E 3 L0L'S6Z 3 000'000°€ 3>~ 6¥6'S95C 3 %8Y'SL (xe] a10jeg) mopysed Minb3 3N
5L°V0L'VL 3 LSE'66L3 916°C8L3 €18'99L3 LPO'LSL D ¥6S'GELD YI¥'0ZLD  S¥I'SOL3D CEL'LE9 D 916'9/93 €662993  LSE'6¥93 LO0'9E9S  0Z6'CZ9 3 L0L0L93 000°000°0} 3= 1S8'9¥Z 3 %LC'8 Mojyse) jusawisanu] 32N

SMOJj ysed JaN

299913  199'0L3 199'0L3 99°9L3 299913 199°0L3 .99°0L3 299913 199'0L 3 199913 199913 199913 199'91 3 199913 199'91 3 uoneroaidaq |ejoL

)00°052'93199'992'9 3 €€'€82'9 3 000°008'9 399'918'9 3EE'€€8°9 3 000'058°9 3 99'998'9 3 €€'€88°9 300'006'9 3 £99'916'9 3 £€'€€6'9 3 000°056'9 3 79'996'9 3 €€€'€86'93  000°000°L 3 Kuado.d anjep soog
SMOJ} Yses-uou) }aays asue|eq [easiq

0SL'€LZ3 009'GLZ3 0S0'8LZ 3 00S°02Z23 0S6'22Z 3 00¥'SCZ 3 0584223  00€'0€Z 3 0SL°ZET 3 002'SEZ 3 0S9'2€23  00L'0¥Z 3 0SS'2¥23  000'SPZ 3 000'6¥23 03 sjuswiAed jsauem]
000043 000023 000023 000023 000023 000°0.3 0000L3 000'023 000023 000'0.3 000°0L3 000023 00003 000023 00003 03 uonezijowy
)00°020°'9 3)00°060'9 3 00°09L'9 3 000°0€2'9 300'00€'9 330'02£'9 3 000'0¥¥'9 3 00'0LS'9 3 00°085°9 3 00°059'9 3 0000229 3 00'062'9 3 000°098°9 3 )0°0€6'9 3 000°000'23  000°000°Z 3 douejeg ueo’

SMOJ} YSEDd-uou) suolje|ndjes :a|npayas 3qag

60°LE6'L 3+ €LLLPL - 0S0°LEL - | ZL'ZEL 3- DG8'LZL 3-78€'€Z) 3- 186'SLL 3~ 0L9'VLL 3- 6Z0'0LL 3-292'90L 3- 691201 3- |8¥L'863- 96L'V63- |€LE063- O0LL'L83 03 Ayiger xey jejor
1S¥8L) > e[ ureb [eyded
285'9¥L 3~ €1/'L¥L 3-0G0'LEL > ZLY'TEL 3 368'LTL 3-78E'€ZL - /86'8LL 3 0/9VLL 3 6Z'0LL 3-292°90L - 691204 3- 8¥L'863- 96L'V63-  €L€'063- 0LL'Z83 03 Xe] awoou|
12€'9863 160'/9G 3 66L'8YS D Ov9'6253 VIV LLG D LZS'€6V 3 L¥6'SLV D 619'8SY D GLL'Lvv 3 060'GZy 3 L/9'80v 3 06G'Z6€ 3 ¥8L'9/E3  €SZ'LOE3 Lhb'8¥ES 03 awoou| ajgexeL

uies [ejided pue awodu|

051682 3-|009°S8Z 3-/050°88Z 3~ 00S°06Z 3~ DS6°Z6Z 3 )0Y'S6Z 3~ 0S8°26Z 3= DOE‘00E 3- 0S.°ZOE 3 DOZ'GOE 3- 0S9°20€ 3- DOL'OLE 3~ 0SSZLE 3~ )00'SLE 3~ 000'SLED> 03 92IMIBS 392( [ejoL
0°000°0Z 3-0°000°0Z 3-)'000'0Z 3-)0°000°0Z 3-1'000°0Z 3~ '000°0Z 3- 00°000°0Z 3-1'000°0Z 3-)'000°02 3-1°000°0Z 3- 00°000°0Z 3-'000'0 3- 00°000°0Z 3- "000°0Z 3~ 00'000'023- 03 uonezjowwy
0GL'€LZ 3- 009'GLZ 3-0S0'8LZ 3- 00S°02C 3 156222 3 )0¥'S2C 3~ 0S8°2ZZ 3~ 10E'0€Z 3- 0GL'2E€C 3-)02'GEC 3 0S9°LE€C 3>~ 10L'0¥Z 3 0SS'2hZ 3~ )00'G¥Z 3- 000'G¥C 3> 03 sjuswAed jsaieiu]
000°000°€ 3 jususanu] Kinb3
000209 3~ 000000 3 198a
70'888°CL 3 00000001 3~ JusuisaAul
000°000°€ 3~ 380D pueT
000'000°Z 3~ i i i Seed ypm sjso9 juswdojansq i
000°000°0} 3~ (seed oN) siso) juswdojeraq [eu
€82'€€83 PYL'OL83 LGE'66L3 916'28L3 €18'99.3 LYO'LSL3 ¥6S'SELD ¥IV'0ZL3  G9'GOLD ZEL'L69 D 916993 €66'2993  LSE'6Y9 D L00'9E9 > 026229 3 L0L'0L9 D 03 awodu| Buesado 3eN
VZETIY 3 | EV8'E0V 3+ LES'S6E 3~ Z0V'L8E - €EV'6LE 3~ BZ9'LLE 37 I86'C9E 3~ 661'9GE 3= LIL'6VE 3 G86°LYE 3~ LG6'VEE 3+ 290°8ZE 3 FLE'LZE 3+ SOL'VLE 3~ 2€T'80€ 3 €68°L0ED> 03 sasuadx3 bugesado
029'0¥€ 3 | ¥L9'EEE 3-| 2GL'9ZE 3-|LE0'0ZE 3~ | 6VY'ELE 3~ woo.nom > ﬁwo.oom 3 €05'v6C 3~ wvv.wmm 3 E1628C 3 Wo\..w\.w > L0'LLE > f.mw.mmw 3 1/6'6523 )E9'VSC I €6£6VC> 03 S€0°L0V'C 3 i SSd
0€L'0€ > 860'0€3 6.¥'6C3 €/8'823 6.2'8C3 169'/C3 8ZL'LT3 0.5'9C3 €20'0C3 88¥'GZ3 V96'¥C3 0SY'vC 3 L¥6'€T3 SSY'€Cd €16'223 005223 03 08€'60Z 3 (Burpinosino o} anp) uononpay
GEY'Z0L 3~ 8ZE'00L 3~ ¥9Z'86 3~ €¥Z'963 VYIZ'¥6 >  SGCE'T6 3 9ZH'06 3 99588 3- ¥v.'983 096'¥83 €12'€83 106183 GZ8'6L3 €8L'8.3  G/G'9/3 000'GL3 03 sesuadxe soueusjule|NAuSWabEUB [ENUUY
AdN
209'S¥2’L 3 186°612°L 3768'V6L L 3 LE'OLL'L 3 9vZ'OvL‘L 329°2ZL L 3LG'660°L 3 €96'920°L 3 1L8'VS0'L 3 LL'EE0‘L 3 98°LL0°L I GSO°L663  L19'0.6 3 90.'056 3 2GL'LE6 3 000°CL6 D 03 dwodu| ssou9 |euadjod
8GG'G9 3 0lZ'¥93 688293 966193 62€093 880'6G3 €/81S3 289'9S 3> 91G'66 3 GLEWG > 9S2°€S3- 19LTS > 880'LG 3~ L€0'0S3  800'6% 3 000'8% 3- 03 (Aoueoen) jual Jo ss07
SOLLLE'L D 16L'P8C L 3:8L°LG2°L 3 L6LET'L 3 GLG'90C L 3G2'L8L'L 35¥'LGL L 3 S¥O'EELL 3 2€'0LLL 3 6¥'280°L 32L'G90°L 3 9LZ'EV0°L 3 52°120°L 3 €¥2°'000°L 3 091086 3 000'096 3 03 000°096 3 BUETRNTERIN
sasuadxa pue awoauj bunesado
pouad
%0708 JGINIOBJNUEIN O} BN[EA [ENPISOY 799913 UOE081dep [BNuuy 000023 UONEZIOWWY [ENuuy %009 PIOIA X3 SS0ID
Gl (SYIuOY U swia]) spotad 0¢ 37 9|qeraidaq %00+ UOREZIHOWWY %008 [TIENFESENIEE
%LC uopexspu| 1s00 000°00S3 siseq a|qepaideq %05°€ djey isase| NiN.L13y 40 31vy
SSd 000°00S°€3 on[eA [enpisay %00°0L dn|eA-0}-ueo] %0°S (yuau jo ssoj) Aoueoep
%05 (9014 8seyoind JO) % an[eA [enpisiy 3JIAY3S 1930 %l'C uoneyu|
0'888°CL W_ 9l=}1e 8njeA [eulwial 000°000°€3 |njeA pueT 000623 $JS00 “JUlB|N/JWD [BNnUUY S3X3ANI

awoou|

€82'€€8 3 _ (91=119d) ION [ehusjod 000000°23 Auadoid eoud aseyoind [eniu] 00S'13- juswiiede/sisod JuleN/ Wb

S3aXVL

ANTVA TVNINYEL NOILYIO3¥d3A TVNNNY ONIATING / SASNAdX3

182



09. APPENDICES

36G'CL6'L 3 €L9'€SY > v28'LEV 3 ¥IZ'TZV 3 S86'00V 3 ¥86'L6E S €GC'LLE D3 /8L'T9E 3 L8S'BYE D 629'VEE S L26'02E D 69V'L0€ 3 6YZ'V6CD  ¥IT'L8Z 3 SYE'0LZ D 000'000'€ 3>~ v90'6YL'C 3 %8E VL (xeL 1o3y) mopysed Aynb3 joN

1G'y0'0L 3 6292293 €¥S'1093 962°0863 STV'09S 3 €2¥'0¥S S 2820253  ¥6Y'LOS 3 €55°28Y 3 0S6'€9¥ 3 089'Shy 3 9€L°/2¢ 3 0LL'OLY D> 961°C6E 3 8€C'8LE D 000'000€ 3=  G1Z°198°€ 3 %8S 81 (xe] a10j58) MoJysed Mnb3 3N
7L'L0L'9L 3 G/T'806 3 €65'6883 96C°L/83 SLE'€S83 €28'GE83 2€9'8183  ¥6.'L083 €0€'S8L 3 0G1'69L3 0S€'€GL 3  9€8'2€L3 099'C2L3  961°,0L3 8€T'€69 3 000'000°0}L 3= 9LL'Z¥S'L 3 %S9°6 Mojjyse) juswiysanul 32N

SMOJj Ysed JoN

299913  199'0L 3 199'0L3> 199°9L3 199913 .99'0L 3 .99°0L3 299913 199'0L 3 199'9L3> 199913 199913 199°9L 3 199'9L 3 199'9L 3 uoyerdaidaq lejoL

)00°0S2°9 3199'992'9 3 €€'€8.'9 3 0000089 3999189 3EE'€E€8'9 3 000°0S8'9 3 99'998'0 3 €€'€88°0 3 00'006'9 3 L99'916'9 3 EE'EE6'9 3 000°0S6'9 3 99'996'9 3 €€€'€86'93  000°000°L 3 Kpadoud anjep yoog
SMO|} Ysed-uou) }aays adsuejeq [eas|y

0SL'€lz3 009'GlZ3 0S0'8LZ3 00S'02Z3 0S6'22Z 3 00¥'SCZ 3 0S8°'£223  00€'0€Z 3 0SL°TEC 3 002'SEZ 3 0S9°Z€23  00L'0¥Z 3 0SS'2¥23  000'S¥Z 3 000'6¥23 03 sjuawAhed jsaiau
000043 000023 000°0.3 000023 000023 000'0.3 000'0L3 000'023 000023 000023 000'0L3 000023 00003 000023 00003 03 uopezipowy
)00°020°9 3)00°060'9 3 00°091'9 3 000°0€2'9 300°00€°9 320'02£°9 3 000'0¥¥*9 3 00°0L5'9 3 00°085°9 3 00°059°9 3 0000229 3 J0'062°9 3 000°098°9 3 )0°0€6'9 3 000°000°'23  000°000°L 3 dduejeg ueot

SMOJ} YSed-uou) suolje|nd|ed :a|npayas 3qaa

L6°LEV'T 3 200°69) 3-6LL°€9L 3- ZES'8S) 3 DY'ES) 3-5EV'8PL 3+ 62S'EVL 3~ LOL'SEL 3~ LL6'EC) 3-12E62L - | €GL'VZL - L9Z'0Z) 3- 198°GLL - ZEG'LLL 3~ €68°L0L3 03 Aynqger xey jejoy
66,5223 Xe[ ureb [eyded
€8€'7LL 3~ 200'69} 3-6LL'€9L 3~ 2EG'8SL 3~ DPY'ESL 3-3EV'8YL 3 62S'EVL 3= LOL'8EL 3- LL6'EEL 3-12E'6CL 3~ €GL'VCL 3 192°02) 3~ 198'SLL - 2ZEG'LLL 3 €68'20L3> 03 Xe| swoodu|
266,693 800'9/93 9/8'VS93 6ZL'v€93 8SL'€L93 9GL'€6S 3 SLL'VLS S  LZ8'%SS D 988'GEG 3 ¥8Z'LLS D ¥L0'66Y S 690°L8Y D EVY'EIV S OEL'OVY 3 2/SIEVS 03 BWOodU| d|gexe|

uies |ejided pue awoau|

2

2

051682 3- 009'S8Z 3-050°88Z 3~ | 00S°06Z 3~ DS6°C6Z 3-)0V'S6Z 3- 068°26C >~ DOE'00E 3- 0SLZ0E 3- DOZ'SOE 3 0S9°20€ 3~ DOL'OLE 3- 0SS'ZLE >~ )O0'GLE 3~ 000°GLED- 03 9DIAIBS 1q93( [ejoL
0°000°04 3-0°000°0Z 3-)"000°0. 3-0°000°0Z 3-1"000°0£ 3- '000°0Z 3- 00°000°0Z 3-)'000°0Z 3-)'000°0Z 3-1"000°0£ 3 00°000°0Z 3-"000°0Z 3~ 00°000°0Z 3- "000°0Z 3- 00°000°'0L3 03 uonezpowwy
0SL'€LZ 3~ 009'G1Z 3-050'8LZ - 00S'02¢C 3~ DS6'22C 3-)0¥'G2Z 3 068'22Z 3~ D0E'0EZ 3- 0S2'CET 3-D02'GEC 3~ 069°L€Z 3 10L'0¥Z 3- 0S5'2¥Z 3- )00'G¥Z - 000'G¥Cd> 03 sjuswAed ysesep]
L v T T
000°000°€ 3- juawysanu| Aynbg
00'020'9 3- 0000002 3 i9ea
1€°082°GL 3 0000000 > juswisaau|
000°000°€ 3~ 1500 pue
00000023 | | | Seed UM 1503 Juawdojarsg|
000°000°0L 3~ (Seed OoN) sjsoQ juswdojarsq [eu
€28'0V63 8VE'LZ63 S/Z'8063 €65'6883 962°1.83 GLE'€S8 3 €28'GE8 D 2€9'8183  $6L°L083 £0£'S8L3 0SL'69L 3 0€€'€GL3>  9€8°LE€L3 099°CTZL3 961'L0. 3 8€T'€69 3 03 awoouj Bunesado 3oN
8862 3- | 6£9°76Z 3- 029'98Z 3- ¥2L'08C >~ 0S6'V.LZ 3~ 562'69Z 3~ ISL'E9Z 3~ L€E€'8GZ 3~ BLO'€ST 3 VI8'LYZ 3~ LLL'TYZ 3~ GEL'LET 3~ 3€8'CEZ 3~ 9¥0'82Z 3- )GE‘€ZC I 29.'812d> 03 sesuadx3 bugesado
080°/22 3 |60%'222 3-/G€8°L12 3 ¥SE'€LZ 3| 996'80C 3~ www..vou = Wmv.oou 3/G€€'961 - rmNNm_, 3-zve'ssl W.ww.v..vw—. 3 v/9'08L 3 Wmm.oh—. 3 8LE'€LL > 361691 3-/292'99L> 03 069'709'} 3~ SSd
0€L'0€ 3 860'0€3> 6.v'6C3> €/8'823 6.2'8C3 169'/C3 8ZL'LT3 0,593 €20'923 88¥'GZ3 V96'vC3 0SY'vC 3 L¥6'€T3 SSY'€C 3 €16'223 00523 03 08€'60C 3 (Burpinosino o} anp) uononpay
SEY'Z0L 3~ 82€'00L 3- ¥92'86 3~ €¥C'963- VYIZ'¥V6 -  GZE'C63 92¥'06 3 995'88 3 ¥v.'98 3 096'¥83- €12'€83- 10S'183  G28'6L3 €8L'8L3  G/G'9L3 000'GL3 03 sesuadxe soueuBjUIEAUBWSBERUEN [ENUUY
AdN
209°6v2°) 3 186'612°L 3768'V6L°L 3 LE'0LL'L 3 9PZ VL)L 329°221 ) 3£5°660°L 3 €96°920°L 3 18'VS0‘L 3 LL'EE0'L 3 98°LL0°L 3 SSO'L663  129°026 3 9020563  ZSL'LE6 3 000°TL6 3 03 awodu| ssol9 |eljusjod
86G'G93-  0LZ'v93- 688C93 965193 62£093 880'6G 3 €/8°/G3 289°9G 3- 91G6'66 3 G/EWG 3 952°€5 3 191263 880°LS 3 LE0'0S3-  800°6v 3 000'8Y 3 03 (Roueden) juai Jo ss07
SOLLLE'L 3 161'¥8C L 3:8L°LG2°L 3 L6°LET'L 3 GLS'90C'L 3G2°L8L'L 35¥'2GL'L 3 S¥O'EELL 3 2E'0LLL 3 6¥'280°L 32L'GI0'L 3 9LZ'EV0’L 3 52'120°L 3 €¥2°000°L 3 091086 3 000°096 3 03 000°096 3 juas Apea
sasuadxa pue awoaul bunesado
pouad
%0708 JaINIOBJNUBI O} GN[EA [ENPISOY 799913 Uonepaidap [enuuy 000023 UONEZIOWWY [EnUUY %009 POIA X3 SSOID
Sl {SUIUOI Ul SWwia]) spolad 0¢ )1 9|qeraidaq %00+ UONEZIHOWWY %008 UInay J0 ejey [euie]
%1C uonexapu| 1s0Q 000°00S3 siseq a|qetaidaq %08 ojey isalea| NiNL3y 40 31V
SSd 000°00S'€> SN[eA [enpisay %000 dn(eA-0}-ueo] %0°S (yuay Jo ssoj) Aouedep
%0S (9014 8seydind J0) % an[eA [enpisiy JJIAY3S 1930 %1C uoneyu|
€'08L'S1L w_ 9l=}1e |njeA [eulwial 000°000°€3 anjeA pue 000'623- S}S0D “JUle/JWB [enuuy S3AX3ANI
€28°9¥6 3 _ (91=119d) ION [enusjod 000°000°23 Ryadoid soud sseyoind [eniu] 00G°13- Juswiede/sjsod “Jule/ JWDN
ANTVA TVNINYIL NOLLVIOFHd3A TVNNNVY ONIATINg / SASNIdX3

183



Product-Service-Systems in Rental Housing

1Y9'ZEG'€ > G210 3 L€S'/6L 3 L6V'/8L 3 0€9'L/L 3 LE6'L9L 3 86€'8S5L 3 L20'6¥L 3 GL8'6EL > 6G2°0EL 3 ¥S8IZL D>  660'CLL 3 06¥'¥0L 3  ¥Z0'963 TSE'683 000'00L'23  €S¥'LvY 3~ %LL9 (xey 1ayy) mojysed Aunb3 joN

)61'2EG'V 3 €00'862 3 Z8E'¥8T 3 966'0.C3 6€8°.SC 3 806'v¥Z 3 86L'2€23  €0L'61Z3 LZY'L0Z3 SYE'G6L 3 TLY'E8L S 66L'LLL 3 02E09L3  ZE0'6VL 3 SEL'OVL D 00000223  LESPSE D %SE€'6 (xe] a10jeg) mopysed Minb3 3N
30°0L2°0L 3 €¥0'GSS D> L2IEYS D 9YY'TEG D  v6Y'LZG 3 89L°0LG 3 €92°00S >  €.6'68V 3 968'6.v 3 GZ0'0LF S LSE09¥ >  688°0SY 3 GLO'LvY D  TES'TEV 3 GE9'ETV D 000°000°6 3~ 2S9°ZELL 3~ %L9°S Mojyse) jusawisanu] 32N

SMOJj ysed JaN

03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 uoneroaidaq |ejoL

)00°000°9 3)00°000'9 3 00°000'9 3 000°000'9 300°000'9 330°000°9 3 000'000°9 3 00°000'9 3 00°000°9 3 00°000'9 3 000°000'9 3 20°000°9 3 000°000'9 3 )0°000'9 3 000°000'9 3  000°000°9 3 Kuadoud anjep soog
SMOJ} Yses-uou) }aays asue|eq [easiq

Ge8'L6L > OVO'Y6L 3 SPC'96L 3 0SK'86L 3 GS9'00Z 3 098202 3 G90'S0Z3 022023 S.¥'6023 089°'LiC3 G88'€lz>  060°9LZ3 G62'8L23 005022 3 0050223 03 sjuswiAed jsauem]
000°€93 000'€93 000°€93 000€93 000'€93 000°€93 000'€9 3 000'€93 000°€93 000'€93 000°€9 3 000'€93 000'€9 3 000'€93 000'€9 3 03 uonezijowy
)00'81¥'S 3)00°18F'S 3 00'¥¥S'S 3 000°209'G 300°029'S 3D0'€EL'S 3 000'96L'S 3 00'6G8'S 3 00'226'S 3 00'G86'S 3 0008709 3 00°LLL'9 3 000'¥2L'9 3 )0°2€2'9 3 000°00€'93  000'00€'9 3 douejeg ueo’

SMOJ} YSEDd-uou) suolje|ndjes :a|npayas 3qag

pS'P00°L 3- 16206 3- 9V8'98 3- |66v'€83- | 0LZ'083- LL6'9L3- 66L'CL3-  9.9°0L3- |S09'293- 98S'¥93- 819193~ 00'853- 0£8'SS D> (800€S 3- ¥8L0S3- 03 Aunger xey jejor
€€8°016 3 e[ ureb [eyded
91,'€63 1GZ'063- 9v8'983- 66V'€83- 0L2'083- L/6'9L3- 66L'€L3-  9/9'0.3 G09'/93 985¥93- 819193~  00.'853- 0£8'SG3-  800'€S 3- ¥8L'053- 03 Xe| awoou|
¥98'7/€3 €00'L9E 3 T8E'LPED 966'SESS 68'0Z€ 3 806'L0E 3 86L'S623  €0.'282 3 L2¥'0/Z 3 GYE'8GC 3 TLV'OvZ > 66L'VEZ3 02€'€2Z3 2E0'TLZ3 GEL'E0Z3 03 awoou| ajgexeL

uies [ejided pue awodu|

SE8'VSZ 3~ 0V0°2ST 3-Gv2'65C >~ 0SY'1OZ 3~ 5G9'€9Z 3-)98'G9Z - §90°892 3~ DL2'0LZ 3 5Lv'2.Z 3-D89'VLZ 3 S88'9/2 >~ D60'6.Z 3- S62'18CT3- )0S'e8Z3- 0056823 03 991MI9S 399 [ejoL
0°000'€9 3-0°000'€9 3-)'000°€9 3-10'000°'€9 3~ 0009 3~ '000'€9 3~ 00°000'€9 3-1'000°€9 3-)'000°EY 3-1000°EY 3- 00°000'€Y 3-'000°E9 3~ 00'000°€9 3- '000EY 3- 00°000€9 3~ 03 uopeziowwyY
SE8'L61 3- 0V0'¥6) - GvZ'96L 3- 0S¥'86) 3 359'00C 3-)98°20Z 3~ §90'G0Z 3~ DLT'L0T 3- GLv'60Z 3- 089112 3~ G88'ELZ 3~ D60'9LZ 3- S6Z'8LZ 3~ )0G'02Z3- 0050223 03 sjuswiked jsasajul
00000423 jusugsanu| Kynbg
00'81Y'S 3 000°00£9 3 19°a
1EE'Er9'6 3 000°000'6 - juswisanu|
000°000°€ 3 1500 pue
00000093 | 7 7 Seed uiim s3s09 juswidojenea
000°000°0} 3- (Seed oN) s1500 juswidojarag feu
009'8/G3 669'0953 €£V0'SSSD L29'thS D OVY'ZES3  ¥6Y'L2S D 8920163 £92°00S 3 €16'68Y 3 968'6Lv 3 SZO'0LY 3 L9e°09V > 688'0SK 3 GLO'LYY 3 2eS'Zew 3 GE9'ty3 03 awioouj Bugesado 3oN
2002993~ | 882°¢59 3~ 1S8'6€9 3-069'929 >- L08'ELO 3~ DLLL09 3-118'88S > 002°92G 3~ BES'VIS 3 12Z'ESS 3 ZVE'IYS 3 869°0EG 3~ ZBL'6LS 3 L60'60S >- )29'86Y 3- S9E'88Y 3~ 03 sesuadx3 Bugeisdo
9¥5'5093- | L60'E6S 3~ 268'08S 3-5v6'89S 3-|2vT' LSS 3- 18L'ShS 3-5SS'VES 3| LOS'€CS 3~ 26L°TLG 3-5VT'T0S 3-5L6L6Y 3| L62'18Y - 1881V 3 181V >~ 5.9'7GV 3-|S9E'EryD- 03 vLV'6LTY > | ssd
v.6'0r3>  LEL'OV3 Q0E'6E3 L6Y'8E3 GOL'LE3  OS6'E3 OLL'OE3 9ZY'SEd  86QVED ¥BE'EED GEZ'EED 0092€E3  O0E6'LED €L21E3  0E90E3 0000€E3 03 V16123 (Burounosino o} anp) uoonpay
SEV'Z0L 3~ §ZE'00L 3 ¥9T'86 3 EVZ'963 YITVE3  GZET63 9Zr'063- 995'883-  vpL'983- 09683 €12'€83- 10S'183  GZ8'6L3- €81'8.3- GLG'OL3- 0006.3- 03 sosuadxa soueusjuIBAUSLIBBEUBI [enuUY
AdN
£09'sv2') 3 186612} 3768'V61') 3 LE'0LL') 3 9VZ'OVL') 319221’} 3L5'660'L 3 £96'90'L 3 18'¥S0°) 3 LL'EL0'L 3 98°LL0'L 3 SSO'L66 3  1.9'0L63 9020563  ZSL'LE6 3 0002163 03 auoouj ssoi9 [epusiod
855693 0IZ¥93- 688793 965193 62€093 880653 €/87G3 89953 91GGG3 G/E¥G3 95C €53 191CG3 980163 /60053 8006v - 0008Y3- 03 (Roueoen) ua1 jo 507
SOL'LLE'L 3 16L'Y8Z'L 338L°LGT'L 3 L6'LETL 3 GLG'O0Z'L 3GL'L8LL 35Y'LGLL 3 GYI'EEL’L 3 ZE'OLL'L 3 6V'£80') 321°G90°) 3 9LZ'EV0'L 3 52120 3 €42'000' 3 091°0863 0000963 03 000096 3 Jual Aeax
sasuadxa pue awodul buneiadg
pouad
%0°0¢ JaINoejNUEIN 0} 3NfeA [enpIsay 03 UoRersIdap [enuuy 000°€93 UOREZIHOWWY [enuuy %009 PIBIA 3T $5019
Sl (SUpUOW Ur swia)) spoliad 0g 3ji7 dlqenaidag %00’} uoReziowwly %008 uIni3y J0 Sjey] [eusajul
%12 UOREXapUI 1500 03 siseq ajqeraidea %05 € a1ey sarRul NaN.13Y 40 31V
ssd 000'000°€3 3N[eA [enpIsay %00 0L anjeA-o}-UeoT %0'G (a1 jo ssoj) Aoueoep
%0S (s911d 3seying Jo) % anleA [enpisty JOIAN3S 1830 %lZ uoneyul
EEEV96 3] 91=}18 aNieA euliiaL 000°000°€3 anjeA pueT 000623~ §1500 JUIBN/ TWBIA lenuuy S3X3aNI

awoou|

009845 3 _ (91=119d) ION [ehusjod 00000093 Auadoid eoud aseyoind [eniu] 00S'13- juswiiede/sisod JuleN/ Wb

S3aXVL

ANTVA TVNINYEL NOILYIO3¥d3A TVNNNY ONIATING / SASNAdX3 %00°00L

%00°0%

184



09. APPENDICES

381'0€G'S 3 0L9'9LE€ 3 ¥IZ'WOE > 086'L6C3 +96'6.C3 091'8923 995'9S23  9/L'SZ 3 986'€€Z 3 €66'2223 L6L'2LZ3  8/S'L0Z3 6YL'L6L D 006'08L 3 28¥'TLL 3 000'00L23  €18'€S83 %90°LL (xeL 1o3y) mopysed Aynb3 joN

1/5'802°L3 92Z'ehy 3 819923 90E'0LY 3 S8T'YBE S L¥G'8/E3 880'€9E S  L0O6'LYE S T86'TEE S ¥ZE'BLED TT6'E0ES  1LL'6823 S98'GLC3  10C'29Z 3 LL6°0ST 3 00000423 8S5°180C 3 %v8vL (xe] a10j58) MoJysed Mnb3 3N
7'188'CL 3 992°00L 3 €98'G893 9S2°1/93 O0V6'2S93 LOV'YP93 €SL'LE93  LLL'8L93 LSY'S093 ¥00'E6S 3 L08'08S 3  198'89G 3 09L°2GG 3 LOL'GYS 3 LLV'VES D 000'000'6 3~  L€9'S >~ %66°L Mojjyse) juswiysanu 32N

SMOJj Ysed JoN

03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 uoperoaidaq [ejoL

)00°000°9 3)00°000°9 3 00°000°9 3 000°000°9 300°000°9 30°000°9 3 000°000°9 3 00°000'9 3 00°000°9 3 00°000°9 3 000°000°9 3 J0°000°9 3 000°000°9 3 J0°000°9 3 000'000'93 000°000°9 3 Apadoud anjep yoog
SMO|} Ysed-uou) }aays adsuejeq [eas|y

S€8'L6L 3 0V0'¥6L 3 SPC'96L 3 0S¥'86L 3 GS9'00Z 3 098202 3 G90'S0Z3 022023 S.v'6023 089°'Lic3 S88'€le3>  060'91Z3 S62'8L23 0050223 0050223 03 sjuawAhed jsaiau
000'€93 000'€93 000€93> 000€93> 000'€93> 000'€93 000'€9 3 000'€93 000'€93 000'€93 000'€9 3 000'€93 000'€9 > 000'€93 000'€9 > 03 uopezipowy
)00'81¥'S 3)00°L87'G 3 00'¥¥S'S 3 000°'209°G 300°029'S 3D0'€EL'S 3 000'96L°S 3 00°658'S 3 00°226'S 3 00°586'S 3 0008709 3 00°LLL'9 3 000'¥2L'9 3 )0°2€2'9 3 000°00€'93  000'00€'9 3 dduejeg ueot

SMOJ} YSed-uou) suolje|nd|ed :a|npayas 3qaa

6€°CL9°) 3 LSS'9Z) 3-S0V'2ZL 3 LZE'8LL 3= LZEPLL 3~ L8E'OLL 3+ 22S'90L 3~ 5ZTLZ0L 3 |S66°86 3- | LEE'S6 3 0E€L'163 | €61'883- 9LL'V8D- 00183 ¥6¥'8L 3 03 Aynqger xey jejoy
L9°L¥G') 3 Xe[ ureb [eyded
¥82'0€) 3~ 2GS'9Z) 3-S0V'ZC)L 3 L2E'8LL 3~ LZE'VLL 3-L8€'0LL 3~ 22S'90L 3 5CL'20L 3 S66'86 3 LEE'S63- 0€L'163  €61L'883 9LL'¥83  00€'183 v6¥'8L3 03 Xe| swoodu|
LEL'€2G 3 922'90S3 819'68Y 3 90E'€LY 3 G8T'LSY S LPS'I¥Y D 880'9ZV 3  L0O6'0LY > Z86'S6E S ¥ZE'LSE D 2C6'99€ D> LLL'TSE D G98'8EE S LOT'SCED LL6'ELES 03 BWOodU| d|gexe|

uies |ejided pue awoau|

2

2

G€8'VSZ 3 0V0°LSC 3- S¥2'65C 3~ 0S¥'19Z 3~ 5S9'€9Z 3-)98'S9Z 3- §90'89Z - 0.2°0.C 3 5Lv'2LZ 3-089'VLZ 3- S889.Z2 3 )60°6.Z 3- S62°L8C - )0G'€8Z 3~ 00S'€8Z3 03 9DIAIBS 1q93( [ejoL
0°000°€9 3-0°000°€9 3 )'000°€9 3- )0°000°€9 3~ 1"000°€9 3- '000°€9 3- 00°000°€9 3-)'000°€9 3-)'000°€9 3~ 1"000°€9 3 00°000°€9 3-"000°€9 3~ 00°000°€9 3- "000°€9 3- 00°000°€9 3~ 03 uonezpowwy
S€8'L6L 3~ 0V0'V6L 3~ G¥Z'96L 3~ 0G+'86L 3- 559'00Z 3-)98'20C - S90'S0Z >~ 0.Z'L0C 3~ S.¥'60C 3- 089'LLZ 3 G88'€ELZ 3>~ D60'9LZ 3 S62'8LC 3 )0S'0ZC 3~ 00S'02Z3 03 sjuswAed ysesep]
e e =125 1252
00000L°Z 3- juawysanu| Aynbg
00'8L¥'G 3 000°00€'9 3 i9ea
w'99LCL 3 0000006 3~ juswisaau|
000°000°€ 3~ 1800 pue
000°000°9 3~ i i i seed Yypm sjsod juswdojanaq i
000°000°0L 3~ (Seed OoN) sjsoQ juswdojarsq [eu
986'6Z.3 ZL6'VLL3> 99Z'00L3 €98'G893 9S.°1.93 O0V6°LS93 LOV'YP9 3 €5L°LE93  LLL'8L93 LSP'S093 $00°E6S 3 L08°08S 3>  198'89G 3 09L°2SS 3  LOL'SHS 3 LIV'VES 3 03 awoouj Bunesado 3oN
029'SLS 3 | GLO'S0S 3~ 829'V6Y 3~ vSY'V8Y - 06¥'VLY 3~ LEL'YIY 3-ZLL'SSY 3~ 0L8'SPY 3 L¥9'9EY 3 099°221 3- y98'8LY 3~ 8YZ'0LY 3 DL8'LOV 3~ 9VS'€6E 3- LGY'G8E I~ €26°L.€3> 03 sesuadx3 bugesado
09L'vSY 3~ |818'VYY 3| 699°GEY 3-80L'92 3| 2€6'LLY 3~ vmm.mow W.tm.oo.v 310L9'26€ - me:vwm 3-1¥89'9/¢€ W.wmm.wom 3 /8¥E'L9E - Tm.mmm 3 9€9'9¥€ 3~ )0G'6EE 3-/€25'CEED> 03 08€'602'€ 3~ SSd
v16'0% 3 LEL'OY> 90€'6€3 L6Y'8E3 G0L.€E3  0€6'9E3> O0LL'9E3 92v'SE > 869'v€3> ¥86'€€3 GBC'EES 009°CE 3 0€6°LE3 €/2°LE> 0€9°0€3 000°0€ 3 03 v.1'6123 (Burpinosino o} anp) uononpay
SEY'Z0L 3~ 82€'00L 3- ¥92'86 3~ €¥C'963- VYIZ'¥V6 -  GZE'C63 92¥'06 3 995'88 3 ¥v.'98 3 096'¥83- €12'€83- 10S'183  G28'6L3 €8L'8L3  G/G'9L3 000'GL3 03 sesuadxe soueuBjUIEAUBWSBERUEN [ENUUY
AdN
209°6v2°) 3 186'612°L 3768'V6L°L 3 LE'0LL'L 3 9PZ VL)L 329°221 ) 3£5°660°L 3 €96°920°L 3 18'VS0‘L 3 LL'EE0'L 3 98°LL0°L 3 SSO'L663  129°026 3 9020563  ZSL'LE6 3 000°TL6 3 03 awodu| ssol9 |eljusjod
86G6'G9 3~ 0lZ'¥93 688293 965193 62€093 880653 €/8/S3 289'9G > 91G6'66 3 G/EWG 3 952°€5 3 191263 880°LS 3 LE0'0S3-  800°6v 3 000'8Y 3 03 (Roueden) juai Jo ss07
SOLLLE'L 3 161'¥8C L 3:8L°LG2°L 3 L6°LET'L 3 GLS'90C'L 3G2°L8L'L 35¥'2GL'L 3 S¥O'EELL 3 2€'0LLL 3 6¥'280°L 32L'GI0'L 3 9LZ'EV0’L 3 52'120°L 3 €¥2°000°L 3 091086 3 000°096 3 03 000°096 3 juas Apea
sasuadxa pue awoauj bunesado
pouad
%0708 JBINIOBJNUBI O} GN[EA [ENPISOY 03 Uonepaidap [enuuy 000°€93 UONEZIOWY [EnUUY %009 PIOIA X3 SSOID
i {SUIUOI Ul SWwie]) spolad (3 )11 9|qeraidaq %00+ UONEZIHOWWY %008 UIniay JO ejey [euie]
%1'C uonexapul 1s0Q 03 siseq a|qetaidaq %08 ojey isalea| NiNL3y 40 31V
SSd 000°000°€3 SN[eA [enpisay %000 dn(eA-0}-ueo] %0°S (yuay Jo ssoj) Aouedep
%0S (99114 @seydINnd JO) % enjeA [enpisiy JJIAY3S 1930 %1C uoneyu|
¥'991°CL w_ 9l=}1e |njeA [eulwial 000°000°€3 anjeA pue 000'623- S}S0D “JUle/JWB [enuuy S3AX3ANI
986'62L 3> _ (91=119d) ION [enusjod 00000093 Ryadoid soud sseyoind [eniu] 00G°13- Juswiede/sjsod “Jule/ JWDN
ANTVA TVNINYIL NOLLVIOFHd3A TVNNNVY ONIATINg / SASNIdX3

185



Product-Service-Systems in Rental Housing
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09. APPENDICES
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09. APPENDICES
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