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Abstract

In order to tap the energy saving and climate mitigation potential of the building sector, transaction
costs of implementing energy efficient technologies need to be better understood and ultimately
reduced. The objective of this paper is to identify and analyze the nature and scale of transaction
costs resulting from the application of the passive house concept in energy efficient renovations.
Related conceptual choices are also discussed. Our study explores measures to promote learning and
knowledge development as potential strategies to reduce transaction costs. It focuses on transaction
costs borne by building owners and building developers in the planning and implementation phases
of a passive house-oriented renovation in Sweden. Results reveal three main sources of transaction
costs: due diligence, negotiations and monitoring. The analysis shows that transaction costs are non-
negligible, and for individual cost sources the scale can be 200% higher than for conventional
renovations. To reduce transaction costs, various strategies such as study visits, demonstration
projects, new forms of meetings and new channels of (written) information were found.
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1. Introduction

The building sector in Europe accounts for approximately 40% of the total energy use and 36% of all
energy-related CO,-emissions (BPIE, 2011). In order to meet the ambitious EU “20-20-20" target by
2020, energy efficiency in buildings needs to be improved®. A major part of the European building
stock was built when building energy performance requirements were scarce (BPIE, 2011), thus the
need for energy efficient renovation in existing buildings is vast. Numerous building retrofit projects
have demonstrated that energy efficiency improvements are not only technically feasible and socially
favoured, but also provide cost-effective reductions of primary energy and greenhouse gas emissions
(Urge-Vorsatz, Harvey, Mirasgedis, & Levine, 2007; Urge-Vorsatz, Koeppel, & Mirasgedis, 2007). The
potential energy savings for heating in high performance retrofitting, for example by applying the
passive house concept?, is as high as 70-92% (Urge-Vorsatz et al., 2012). Despite many good
examples, energy efficient retrofitting is still not a common practice due to a number of barriers>.

Recent studies have shown that high investment costs and unforeseen transaction costs are two of
the main barriers to energy efficiency in buildings (Levine et al., 2007; WBCSD, 2009; Urge-Vorsatz et
al., 2012). Initial investment costs of energy efficient buildings can be 4-16% higher than for
conventional buildings (Audenaert, De Cleyn, & Vankerckhove, 2008) and transaction costs have
been estimated to be as high as 20% of the investment cost (Urge-Vorsatz et al., 2012). In all, the
high upfront investment costs and transaction costs hinder the implementation of energy efficient
technologies in the building sector and prevent real estate developers from entering the energy
efficiency market (Lee & Yik, 2002).

The passive house concept is a standard for state-of-the-art energy efficient buildings. Since 1990,
the introduction of the first passive house in Kranichstein (Darmstadt, Germany), the number of
passive houses has dramatically increased, and at the end of 2012 the estimated number of passive
buildings worldwide reached up to 40 000 (IPHA, 2012). The additional investment cost of newly built
passive houses has been in the range of 0-17% of the total construction costs (Audenaert et al., 2008;
Hermelink & Hiibner, 2003; Jirgen Schnieders & Hermelink, 2006). Nevertheless, literature on the
passive house experience shows that the high investment costs of energy efficient buildings can be
reduced over time. Since the 1990s, the additional costs to meet the Passive House standard for new
buildings have been reduced by a factor of 5-7. This is due to the increased availability of passive
house technologies, such as improved insulation, energy efficient windows and highly efficient
ventilation systems and due to accumulated experience in passive building methods (Feist, 2006;
Harvey, 2009). In Germany, Austria and Switzerland, with a high number of passive houses, the
average additional cost of building a passive house went down to 5-8% of the conventional
construction cost (Passive-On, 2007; PHI, 2012; Urge-Vorsatz et al., 2012). In Sweden, the additional
investment cost of low-energy buildings (of passive house standard) is estimated to be less than 10%
of conventional building costs (Blomsterberg, 2009).

In recent years, the passive house concept has also been applied to the retrofit of existing buildings.
An example from Germany shows that the cost of multi-family dwelling retrofits according to the

! The “20-20-20” initiative is based on the energy goals of the EU, adopted by the Council in 2007. These goals aim to reduce GHG emissions
by 20%, increase the share of renewable energy to 20% and improving energy efficiency by 20%(BPIE, 2011).

* The passive house concept is based on greatly improved thermal performance of the building envelope (high insulation and air tightness
levels) coupled with a mechanical ventilation system with efficient heat recovery. As heat energy is needed only occasionally, the heating
system can be kept very simple, e.g. electric heating or a heat pump (see e.g. Feist, Schneiders, Dorer, & Haas, 2005; Hastings, 2004; J.
Schnieders, 2003; Jirgen Schnieders & Hermelink, 2006).

*Barriers to energy efficiency in the building sector include, for example, imperfect information, lack of knowledge and barriers more
specifically related to the introduction and development of (new) energy efficient technologies such as cumbersome (regulatory,
administrative and planning) processes, uncertainty and risk, limited access to technologies, split incentives, high upfront investment costs,
limited access to capital, lack of monitoring and transaction costs (CarbonTrust, 2005; Levine et al., 2007). Some of these barriers can be
defined as market failures (Levine et al., 2007; Sutherland, 1991). Market failures are flaws of market operation in opposition to
theoretically perfect markets of neoclassical economics. Direct market failures are flaws hindering cost-effective measures. Market failures
have been the focus of an academic debate since the 1980s. The main issues are a) what are direct market failures and b) to what extent
shall these be addressed by policy instruments. In the past decade, the debate has been extended, including aspects such as the
introduction and the development of new technologies.



passive house standard (with >90% energy savings) can be 27% higher than conventional renovations
(HausderZukunft, 2007). Other studies show that additional costs of energy-related renovation can
add up to 35-50% of the total retrofitting costs (Enseling & Hinz, 2009; IBB, 2010). In the first passive
house-oriented retrofit project in Sweden (Brogarden), approximately 30% of the total retrofit costs
were energy-related (Hellberg, 2012). To the author’s knowledge, no studies have been devoted so
far to analyse transaction costs related to renovations based on the passive house concept. The
knowledge gap is very explicit when reviewing the literature on transaction costs associated to
energy efficiency technologies (details in Section 2). In order to find the most feasible approaches to
reduce transaction costs of energy efficient renovations in the future, transaction costs must be
better understood.

This study aims to identify the nature (origin) and scale (order of magnitude) of transaction costs in
passive house-oriented retrofit projects. Further, it aims to explore the potential for reducing these
transaction costs by identifying approaches promoting learning and knowledge development. Such
approaches include actors’ strategies, i.e. leadership, procurement, training and meeting platforms,
demonstration practices, community meetings, educative seminars and newsletters. These
approaches are also of interest in terms of designing and supporting future policies related to the
passive house technologies.

In order to explore transaction costs and provide empirically contextualized evidence for the origin
and the scale of transaction costs, case study methodology was applied to Brogarden, the first
passive house-oriented retrofit project in Alingsas (Sweden). The case was explored based on a
review of the literature describing the case and 14 semi-structured deep interviews with actors
involved in the renovation project. The focus of the interviews was on the presence, nature, scale*
and attribution of transaction costs in the different phases of the renovation process. In this study,
special attention is given to the building owner and building developer in the planning and
implementation phases. The Brogarden case was chosen because it is the first passive house-
oriented renovation in Sweden and the experience yielded by this case study is applicable to an
additional 350 000 similarly constructed apartments in many Swedish cities, representing almost 8%
of existing apartments (Berggren, Janson, & Sundqvist, 2009; SCB, 2010).

The outline of this paper is as follows: Section 2 provides the key analytical components for the study
at hand, namely a review of transaction costs in the energy field and overview of the case study.
Section 3 provides the results of the research, highlighting the nature and scale of transactions costs.
Section 4 discusses the identified approaches promoting learning and knowledge development for
energy efficient retrofitting as potential strategies to reduce transaction costs. Conclusions are drawn
in Section 5.

2. Analytical framework

2.1. Transaction costs
The concept of transaction costs originates from Coase (1937) and has been further developed in the
framework of New Institutional Economics (NIE) (Williamson, 1993, 1996)°. Transaction cost analysis
is a fundamental element of NIE. It assesses activities in the economic system, such as how they are
organized and carried out, and what effects they have on the performance of the projects and/or the
actors involved through transactions with involved market actors (Commons, 1931). These
transactions are often based on imperfect information, bounded rationality and lack of monitoring
(Douglass, 1990; Ménard, 2004; Selten, 1990). Transaction costs are related to financial operations,
they are costs not directly involved in the production of goods or services, but unavoidable and often
unforeseeable costs emerging from contracting activities essential for the trade of such goods and

* The scale of transaction costs are estimates reflected in additional resources, such as time (hours) and/or money (SEK), which are put into
the project due to passive house renovation and thus surrounded by high uncertainty.

* NIE incorporates the theory of institutions into economics with the purpose of explaining institutions, including their evolution,
performance and impact over time. (Institutions, in this case, are defined by (North, 1990, pp. 3-4).



services (Coase, 1960). In the field of technology change, transaction costs are often referred to as
unmeasured costs that prevent the adoption of new technologies. In this context, transaction costs
are also understood as costs occurring ex-ante to the arrangement and implementation of
technologies and ex-post to their monitoring and enforcement (Matthews, 1986). Regarding the
specific case of energy efficiency, imperfect information may hinder market actors” purchase or
installation of energy efficient technologies, and thus can decrease the financial gains from improved
energy efficiency (Sanstad & Howarth, 1994; Sioshansi, 1991).

Transaction costs have been analyzed in the field of energy efficiency and have mostly been
characterized by their origin (nature) and order of magnitude (scale). Transaction costs of energy
efficient technologies originate throughout the life-cycle of projects. Transaction costs can be
categorized as costs of a) due diligence (search for and assessment of information), b) negotiation, c)
approval and certification, d) monitoring and verification and e) trading (Mundaca, Mansoz, Neij, &
Timilsina, 2013). Transaction costs associated with the implementation of energy efficiency projects
typically arise as a result of searching for and assessing information, project preparation, finding
partners, contracting, persuading, negotiating and coordinating with partners, decision-making,
implementing and following-up investment actions, for example, through maintenance or validating
data. For more information on transaction costs on searching for and assessing information see
Bjorkqvist and Wene (1993), Hein and Blok (1995), Mundaca and Neij (2007), Sanstad and Howarth
(1994), Sathaye and Murtishaw (2004), Sioshansi (1991), for project preparation, see Bleyl-
Androschin, Seefeldt and Eikmeier (2009), for finding partners, contracting, and persuading, see
Mundaca (2007), for negotiating with and coordinating partners, see Bleyl-Androschin, et al. (2009),
Mundaca (2007), Ostertag (1999), for decision-making, see see Bjorkqvist and Wene (1993), Hein and
Blok (1995), for implementing and following-up investment actions, see Bleyl-Androschin, et al.
(2009), Hein and Blok (1995), Mundaca (2007), Qian, Chan and Choy (2013), Sathaye and Murtishaw
(2004), for maintenance, see Ostertag (1999) and for validating data, see Mundaca (2007). The
research focus of transaction costs, according to existing literature, has been mostly on industry, i.e.
energy intensive or energy companies involved in energy saving programmes (Hein & Blok, 1995;
Joskow & Marron, 1992; Mundaca & Neij, 2006; Ostertag, 1999). Studies focused on the residential
sector include energy companies implementing energy efficiency measures in households (Bleyl-
Androschin et al., 2009; Mundaca & Neij, 2007; Mundaca, 2007) or end-users investing in energy
efficient household appliances (Bjorkqvist & Wene, 1993; Sathaye & Murtishaw, 2004). Only a few
studies identify the order of magnitude of transaction costs (see e.g. Bjorkqvist & Wene, 1993; Bleyl-
Androschin et al., 2009; Mundaca, 2007).

Regarding the scale of transaction costs, several studies have attempted to provide empirical
estimates for the building sector. The scale of transaction costs is most often expressed in proportion
(%) to the total (investment) cost, but sometimes in monetary terms (e.g. SEK) or in work load (e.g.
time, hours) (Bjorkqvist & Wene, 1993). For instance, transaction costs for lighting technologies are
estimated to be 10%, for improved cavity wall insulation 30%, and for energy efficiency measures
carried out by ESCOs in the residential sector in the range of 20%-40% (EastonConsulting, 1999;
Mundaca, 2007). In Sweden, transaction costs related to energy efficiency in the building sector have
been estimated to be 20% of the total investment costs (Urge-Vorsatz et al., 2012). Estimates of
transaction costs are subject to uncertainty due to the performance of the technology,
accountability, reliability and accuracy of data sources and the methods of monitoring and
guantifying transaction costs (Mundaca et al., 2013).

In this study, transaction costs associated with application of the passive house concept were
assessed in relation to the life-cycle of the building project, including the planning, implementation,
operation and follow-up phases. Transaction costs considered were those identified in earlier studies
described above. Transaction costs have also been attributed to relevant actors.



2.2. Case Study: Brogarden passive house renovation
Brogarden is the first passive house renovation project in Sweden. The 16 building blocks include 300
apartments (19 500 m?) and were built in 1971-73 in Alings3s, a city of 40 000 inhabitants located in
the western part of Sweden. Brogarden is one of the districts of the “One million programme” in
Sweden; one million apartments were constructed during 1965-1975 to meet a high demand for
housing.

The renovation of Brogarden is being implemented in six stages over six years (2008-2014), each
stage having a life-cycle of three phases: a) planning, b) implementation and c) operation and follow-
up. The first stage (two buildings) serves as a demonstration for the rest of the stages. Each stage
includes two to five buildings; the stages are typically overlapping.

The planning phase of the Brogarden renovation project included feasibility studies and conceptual
design, based on which project requirements, targets and technical suggestions were formulated and
tendered®. The planning phase, in a broad sense, lasted for six years, counting from the first time
Alingsashem started to plan the renovation of Brogarden. In a strict sense, the actual planning took a
year and a half (2005-2007), from the pre-study to procurement. The procurement lasted
approximately for half a year (2006-2007). The activities and results originating from the planning
phase are essential as they greatly influence the life-cycle of the entire renovation project in all six
stages.

The implementation phase covers activities related to construction and installation, led by the
building developer, for instance detailed planning of the building process (e.g. costs, schedules,
testing), subcontracting, carrying out the construction and commissioning the building. The detailed
planning included additional activities not needed in a conventional renovation project, for instance,
the procurement of subcontractors under the partnering collaboration and searching for technical
solutions for the passive house concept. The timeline of the implementation phase of the entire
renovation project is 2008 — 2014; the timeline of the demonstration project (18 demonstration
apartments in two staircases of a three-storey-building) was one year.

The operation phase includes operation and maintenance routines of passive houses and monitoring
and verifying the implementation of the passive house concept. Monitoring and follow-up are
additional activities related to passive house-oriented renovation on top of conventional renovation
processes and thus costs arising in this phase are additional costs of the project. In Brogarden,
monitoring has been split among many actors and being a development project, it is often financed
by R&D. For instance, technical requirements such as thermal comfort, ventilation and indoor
environment are verified with measurements after each renovation stage. In addition, the indoor
environment is checked through tenant questionnaires.

The total cost of the renovation, including investment, maintenance and rent shortfall is
approximately SEK 380 million. On average, the total cost of renovation is SEK 1.28 million per
apartment, out of which SEK 0.36 million (28%) is for energy improvements’, 0.6 million (47%) for
extension and accessibility, 0.24 million (19%) for maintenance, and 0.08 million (6%) for rent
shortfall. These cost items do not include transaction costs identified in this study.

Due to the passive house nature of the project, the renovation is carried by partnering, whereby the
building owner, the building developer and some subcontractors closely collaborate during the
renovation process. Partnering, as described by the literature and re-enforced by the interviewees, is
characterized by a common long-term and holistic perspective of participating actors, a framework

® The procurement process, in general, includes the preparation of tender calls, assessment and approval of the applications and
preparation of the contracts.

7t is around EUR 154 000 for the total renovation cost and approximately EUR 43 000 for the energy improvements. 1 SEK=0.12056 EUR
(www.oanda.com, 14 March 2013)
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contract®, open books (open cost accounting) and continuous feed-back in terms of evaluation and
improvements (Kadefors, 2011).

Alingsashem (the building owner), a municipally-owned housing company administers around 3 000
apartments in the municipality of Alingsas. Alingsashem has extensive experience in renovations and
a management committed to sustainability issues. Skanska Housing (the building developer), one of
the largest construction companies in Sweden, was procured through tendering for the Brogarden
project. Skanska has substantial experience in building renovation and supports the passive house
concept at top management levels. Out of eight subcontractors in the Brogarden project,
Alingsashem and Skanska signed five-year partnering collaborations with four: Alingsas Roér (piping),
Elteknik (electricity), Bravida (ventilation) and Sanda maleri (painting). In addition, consultants were
contracted for architecture (efem, Hans Eek, Kerstin Nilsson), structural engineering (WSP), electricity
(Picon), heating and ventilation systems (Andersson och Hultmark), monitoring and evaluation (Lund
University, SP, Chalmers University). It was recognized early on that tenant involvement is essential
to further improve the renovation process.

3. Transaction Costs of Brogarden Passive House Renovation

Transaction costs of passive house renovation have been assessed through the case study of
Brogarden, Alingsas. The assessment includes the identification and categorization of the different
sources of transaction costs. In comparison to conventional renovation projects, passive house
renovations face higher investment costs and higher and additional transaction costs. These occur in
all three phases of the renovation process (planning, implementation and operation) and at different
actors’ stakes. In addition, the study shows that the scale of transaction costs varies greatly among
renovation phases, among categories and among which actor the transaction costs are attributed to.

3.1. The nature of transaction costs
The identified transaction costs of any renovation, including passive house renovations, fall into
three categories: due diligence, negotiation and monitoring. All were found in all phases of the life-
cycle of the building project, including i) planning, ii) implementation, and iii) operation and follow-
up, see Table 1. In this study, due diligence costs include the search for and the assessment of
information on, for instance, the form of collaboration, partners, technically and economically
feasible passive house solutions, and assessment methods. Negotiation costs arise in the
procurement process, during preparation for procurement, contracting, assessment and approval.
Monitoring costs include the follow-up on installed technologies, energy use and savings as well as
related costs.

In comparison to conventional renovation projects, the transaction costs identified are higher due to
the application of the passive house concept. In this paper, the transaction costs are attributed to the
actors involved; this study focuses on the building owner and the building developer because most of
the cost reduction is assumed to be achieved by these two actors.

& As an example of a long-term incentive, the framework contract, apart from the Brogarden project, includes additional potential future
construction projects.



Table 1 Conceptual categorization of the nature of transaction costs — based on Brogarden passive house-
oriented renovation

Nature of TCs o
. / - . . Monitoring and
Renovation Due diligence Negotiation e .
verification
phases
Planning Extended pre-study Project formulation
Procurement of building developer:
- search for the form of .
. . Target setting
collaboration; preparation of the
call; assessment of applications
Procurement of building
developer:
- preparation for the call
Implementation | Search for passive house technology
solutions*
Procurement of subcontractors: Procurement of
- assessment of subcontractors* subcontractors: contracting*
Operation & Monitoring
follow-u Search for methods and practices of . equipment
P . p N Contracting evaluators* (equip S
assessment and monitoring energy savings,
costs)
Assessment of methods and
practices of assessment and Maintenance
monitoring*
* Transaction costs in addition to transaction costs of conventional renovations. The other transaction costs are present in conventional renovations, but are

lower.

3.1.1.Due diligence’
Transaction costs of due diligence, specific to passive houses and additional to conventional
renovations, occur in all three phases of the renovation project. In the planning phase, transaction
costs were identified in relation to the extended pre-study and the tendering procedure for the
building developer, i.e. search for the form of collaboration, and preparing and assessing the
applications. These transaction costs were borne by the building owner. In the implementation
phase, transaction costs were identified in connection with searching for passive house technology
solutions and the tendering procedure for the subcontractors, i.e. assessment and approval of
subcontractors. These transaction costs are borne by both the building developer and the building
owner. In the operation and follow-up phase, transaction costs were identified in relation to
searching for and assessing methods and practices of monitoring and evaluation. These transaction
costs are attributed to various actors involved in the monitoring process. The scale of transaction
costs related to due diligence is estimated to be between 10% and 200% more than for conventional
renovations.

Extended pre-study. Renovation processes often include pre-studies consisting of building status
investigations and drawings to guide the implementation of the construction, but rarely concrete
technical solutions as in the Brogarden project. In Brogarden, the investigation of the building itself
was more extensive than it is in a conventional project; it included the status of insulation,
airtightness of the building envelope, moisture content of building materials and indoor acoustics.
The investigation was carried out by the SP Technical Research Institute of Sweden where two people
worked on it over a one month period (Janson, 2010). The pre-study was carried out by efem
Architect Agency and took one full-time person-year, which is estimated to be 50% more (in

°Due diligence, here, refers to the investigation of information, including the search for and the assessment of the acquired information.



monetary terms roughly 300-400 000 SEK more™®) compared to a traditional renovation project. Both
the extended investigation and in particular the detailed pre-study including technical solutions
extended the planning phase and was as an additional cost for Alingsashem™.

Search for the form of collaboration. In Brogarden, the procurement process took longer, thanin a
traditional renovation project due to the decision-making process - partly about the form of
collaboration and partly on the extent of the contract. Although, the idea of partnering was discussed
in the first planning meeting (2005), in order to gain more experience Alingsashem did an extensive
literature review, organized study visits and experience sharing meetings during 2005 and 2006™
before the final decision on the form of collaboration. In addition, the framework contract included
potential future constructions. The actual time Alingsashem spent searching for the form of the
collaboration is estimated to be roughly two months, while the whole decision-making process
stretched over a year.

Preparation of the call for a building developer. The preparation of the call took longer than in a
conventional renovation process. This was due to the inclusion of the partnering contract
assessment, which had been used in the Karlstad renovation project, and drafting the partnering
framework contract. In addition, the Building Research Council funded consultants to develop
qualities and requirements for passive house renovation, which were then also included in the
procurement material. Alingsashem contracted a consultant for the preparation of the procurement
material and the call. The drafting took approximately two months.

Assessment of the building developers’ applications. The estimated length of the assessment and
approval process is 25 hours (30%) more than in case of a traditional tender evaluation. It is not
common practice to require detailed curricula and the applicants” personal views, for instance, on
sustainability and aesthetics in the call™. This process included a couple of meetings and interviews
with around thirty professionals. The evaluation was carried out by a group of five people from
Alingsashem.

Assessment and approval of subcontractors. Most building developers have established networks of
professionals to work with, thus procuring subcontractors, contracting consultants and getting them
approved by the building owner were additional activities specific to this project™*. Alingsashem was
involved in the final selection of the four subcontractors included in the partnering contract; the
approval of the applications took approximately three person-hours.

Search for passive house technology solutions. Additional costs related to the application of new
technologies are very common. In Brogarden, additional transaction costs arose from two main
sources: a) the search for energy efficient products and b) the search for new solutions, such as
applying already existing energy efficient products in new context, i.e. in renovation instead of new
buildings. These costs are mostly attributed to the building developer.

In terms of products, it was time-consuming to find energy efficient doors and roof hatches. Air-
tightness combined with safety (peep-hole) and accessibility (door-bell)™ features seemed to be a
new combination of parameters for door producers. The required U-value of 0.6 W/m?K was not
available on the market; the installed entrance doors have now a U-value of 0.75 W/m’K. Airtight
and well-insulated hatches providing access to the roof, were also difficult to find on the market. The

%It is in the range of EUR 36 000 and 48 000. 1 SEK=0.12056 EUR (www.oanda.com, 14 March 2013)

! Alingsashem applied and got funding from the Swedish Energy Agency, the funding covered “additional costs” in the project for the
planning process, detailed design solutions, management of the project during the building process, additional support from experts and
monitoring of the renovated building with measurements and experiences from the building process.

2 Alingsashem relied heavily on the experience of the Tuggelite project in Karlstad.

 These special requirements made both the assessment time and interview time longer. One interview was estimated to take an hour and
a half, out of which roughly half an hour was dedicated to sustainability principles.

14 See the details of procurement under negotiations.

' peep-holes and door-bells decrease the air-tightness of doors.
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search for these products took an estimated two to three week per product for the building
developer (together with the respective subcontractors).

In terms of new solutions, the slab insulation, the wall construction and the ventilation system
required additional resources from the building developer and the building owner. The decision to
apply PIR (polyisocyanurate foam) insulation to the foundation led to a new research project aiming
to show whether and how PIR can be applied in passive house renovations (Skanska, 2012). In terms
of outer wall construction, Skanska developed and tested three models as well as educated
craftsmen for special installation of the plastic layer. The development of the outer wall construction
was estimated to take 10% more time for Skanska due to the additional requirements of passive
construction. Designing the ventilation system was an additional resource input specific to passive
house renovations, where the ventilation system replaces the traditional heating system. A central
ventilation system was designed based on experience from the demonstration buildings. The
development of a new ventilation solution for renovated passive houses was estimated to take two
to three times longer than the application of an already designed ventilation solution in newly built
passive houses.

Search for methods of assessment and monitoring. Monitoring is not necessarily part of
conventional renovations; it is often an additional cost when implementing energy efficient
technologies. Brogarden is a development project, with many actors involved, and monitoring and
transaction costs related to the search for monitoring and assessment methods are split among the
actors. Some of the most time demanding searches were finding methods for a) calculating and
monitoring project financing (attributed to Alingsashem), b) monitoring energy use and energy
savings (attributed to Alingsas Energi and Lund University) and c) developing the process for quality
assurance (attributed to SP). These transaction costs are part of the ongoing development project, so
no time estimate has yet been made for them.

3.1.2.Negotiations
Transaction costs of negotiations occur in all three phases of the renovation project. In the planning
phase, transaction costs were identified in relation to project formulation and target setting. Both
project formulation and target setting was a long and complex process including frequent and
lengthy meetings and negotiations leading to a stretched decision-making processes; it is partly due
to the application of the passive house concept in renovation. In addition, transaction cost was
accounted in the procurement procedure, in relation to the preparation for the main call. In the
implementation phase, transaction costs were identified in connection to subcontracting and
meetings, related to passive house principles and the partnering contract type. In the operation and
follow-up phase, transaction costs were identified in relation to agreement negotiations with
monitoring partners. The scale of transaction costs related to negotiations can be as high as 200%
more than in conventional renovations.

Project formulation. The project formulation in Brogarden, from the introduction to the acceptance
of the passive house concept, lasted four years (2001-2005) form the very first meeting between an
independent consultant-architect and the managing director of Alingsashem. These negotiations are
also common in conventional renovation projects, except that introducing a new concept and
persuading different actors to implement them takes more meetings and more time. Considering the
management commitment of Alingsashem, the total time dedicated to negotiations and decision-
making would be greatly underestimated if only meeting hours were reported. The time the
development director of the municipality spent on project formulation is, for example, estimated to
be around 10% of his working time over the project period, totaling SEK 500 000,

Target setting.The major targets of the Brogarden renovation were specified early on; they were
formulated based on municipal housing policies, earlier experiences and tenants” complaints. Targets
in relation to energy efficiency are, for instance, a) enhancing indoor comfort, by improving U-values

' |t is approximately EUR 60 000. 1 SEK=0.12056 EUR (www.oanda.com, 14 March 2013)
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and installing mechanical ventilation (with heat exchangers) with the possibility for the tenants to
influence their indoor climate and energy use, b) lower energy use, c) easy-to-use and -maintain
technology, and d) active involvement of tenants (in the renovation process and in the user-phase).
The renovation targets were set by Alingsashem. There is no estimate available of resources spent on
the complex procedure of target setting.

Preparation for the main call. Preparing for the detailed call took more time for the applicants than
in conventional renovation projects. Skanska, the procured building developer, spent approximately
three times longer on preparing for this call than on conventional renovation tenders. It was partly
due to the fact that this was the first time for Skanska to participate in a partnering procurement for
renovation and partly due to the sustainability principles (including energy efficiency and the passive
house concept) on which Alingsashem had required the detailed views of applicants.

Subcontracting under partnering. Most building developers have established networks of
subcontractors, thus (re-)procuring subcontractors and consultants was an additional activity specific
to this project. Skanska (re-)procured and contracted four subcontractors for painting, electrical
work, plumbing and landscaping for the partnering collaboration under the terms and conditions of
the framework contract. The (re-)procurement of subcontractors took an estimated three weeks
(120 man hours) for the building developer.

3.1.3.Monitoring
Monitoring is not typically part of conventional renovations and thus represents additional costs in
passive house renovations. Transaction costs of monitoring occur in the operation and follow-up
phases of the renovation project. Among the transaction costs identified in this phase were
monitoring of energy saving equipment, energy savings, costs and cost savings as well as
maintenance of (new) technologies used in passive houses. Monitoring activities are split among
multiple actors. For instance, Alingsdshem’ is responsible for monitoring the performance of
ventilation system and finances, Skanska for the moisture content, Alingsas Energi for the energy
demand for space heating, domestic hot water, and electricity, Lund University for energy,
airtightness and tenants” satisfaction, SP for the monitoring process and quality assurance, and the
Tenants” Association for the needs and preferences of the tenants. As the renovation is still on-going,
the available results are partial and often related to certain stages of the renovation and not the
entire process. The current monitoring costs are estimated to be very high in Brogarden™®.
Monitoring is expected to be required by legislation in the future, thus monitoring-related costs will
no longer be additional transaction costs of passive house renovations.

3.2. Estimated scale of transaction costs
The results of this study indicate that the scale of transaction costs related to the implementation of
passive house renovation is non-negligible and can be 200% higher than for conventional renovations
(see Table 1). Although it has been difficult to find comparable data on the scale of different nature
of transactions costs, this study indicates the importance of considering these costs. This also
indicates a need to find ways to reduce them (see Section 4).

In general, project formulation and target setting have shown to be too complex to reliably estimate
resources allocated to them. On the contrary, for the extended pre-study, activities related to
procurement processes and the search for passive house technology solutions, estimated costs are
available - at least in terms of time spent on the activities. The majority of transaction costs arising in
the planning phase are naturally attributable to the building owner while transaction costs arising in
the implementation phase are mostly borne by the building developer and transaction costs of the
operation and follow-up phase are shared among various actors.

Y For instance, it was found that the lack of specification on the monitoring requirements made it difficult for the building owner to follow-
up additional costs of energy efficient and passive house technologies per building and/or per apartment.

' The quantification of monitoring costs was not the focus of this study; it is however strongly recommended to estimate monitoring costs
(with special attention to maintenance costs) once the project is completed.
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Table 2 Estimated transaction costs of the demonstration stage of Brogarden passive house-oriented
renovation (source, scale, attribution)

Renovation Source of TCs Scale of TCs Af:tor
phase bearing TCs
extended pre-study: Building
- building investigation Approx. 2 person-months work owner
(consultant) 300 000-400 000 SEK™ (1.5 times more
- architecture work (consultant) in comparison with a conventional
renovation project)
project formulation: Building
- (Alingsashem) n/a owner
- (municipality) 500 000 SEK™
& , —
s target setting n/a Building
5 owner
e search for the form of Approx. 2 person-months work Building
collaboration owner
call preparation : Building
- call drafting (consultant) Approx. 2 person-months work owner
- application (Skanska) (3 times more spent in comparison with
a conventional renovation project) Building
developer
application assessment (1.33 more spent compared to a Building
conventional renovation project) owner
subcontracting (Skanska) Approx. 3 person-weeks Building
developer
c assessment of subcontractors Approx. 3 person-hours Building
8 (Alingsashem) owner
g search for passive house Building
g technology solutions (Skanska): developer
% - products (subcontractors) Approx. 2-3 person-weeks per product
£ - new solutions (consultants), (For ventilation 2-3 times longer and for
- e.g. wall construction 1.1 times longer than
- ventilation in a conventional renovation project)
- wall construction
search for methods of assessment | n/a Building
% and monitoring (e.g. Alingsashem, owner
g Alingsas Energi, Lund University,
IS SP)
T monitoring and assessment (idem) | n/a Building
e owner and
2 contracted
S partners
8‘ maintenance n/a Building
owner

The type of collaboration has an influence on the nature and scale of transaction costs in passive
house renovations. Partnering form was chosen for the collaboration because of the application of
the passive house concept. Therefore, some activities related to partnering have been considered as
transaction costs of implementing the passive house concept as these costs would not have occurred
for other types of collaboration. These costs arise throughout all the three phases of the renovation
process and in all natures of transaction costs. For example, it occurs in the form of due diligence,

It is in the range of EUR 36 000 and 48 000. 1 SEK=0.12056 EUR (www.oanda.com, 14 March 2013)
Pltis approximately EUR 60 000. 1 SEK=0.12056 EUR (www.oanda.com, 14 March 2013)
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such as call preparation and assessment of applicants, in the form of negotiations, such as project
formulation and target setting and in the form of monitoring. In general, most of the actors state that
partnering is time-demanding. Skanska, for instance, estimates that the Brogarden project, due to
partnering and being a development project, requires half a position more (project management
hours) than a traditional renovation project. Other activities related to partnering, however, were
encountered here as strategic measures for learning (see Section 4.)

4. Strategic measures for knowledge development and learning

As revealed in the previous section, the passive house renovation project, in comparison to
conventional renovation projects, required additional resource inputs and/or measures in the
different project phases. These measures were often encountered as resource inputs and costs,
which by facilitating knowledge development and learning, intend to lead to resource and cost
reductions. The study at hand found that the renovation of Brogarden included such measures to
reduce construction costs and, supringsingly transaction costs as such. These strategic measures are
elaborated below.

4.1. Study visits and demonstration projects
Introducing the passive house concept for renovation, in comparison to conventional renovation
projects, increases the need for advanced information and knowledge intake. For this reason, in the
Brogarden project, study visits were organized in the planning and the implementation phases. In the
planning phase, the focus of the study visits was on the type of collaboration and the nature of the
passive house concept. The partnering contract, for instance, was based on a previously developed
partnering contract in Karlstad. These study visits were initiated by Alingsashem. In the
implementation phase, in order to strengthen the common understanding, the study visits
concentrated on passive house technologies and addressed different groups of professionals. These
visits were organized by Alingsashem and Skanska — together and/or separately. They took an
estimated 72 person-hours from Alingsashem and Skanska. In the operation and follow-up phase, a
demonstration (or showcase) apartment was set up to serve as a subject of a continuous dialogue
between tenants and Alingsashem. In addition, it functioned as a stakeholder meeting point - for
example, for site visits and for project and tenant meetings. The showcase apartment, in addition to
open house weekends, had regular opening hours. The demonstration apartment was a common
project of Alingsashem and the Tenants” Association on which each actor spent roughly estimated
220 man hours.

4.2. New forms of meetings
A renovation process traditionally requires meetings during all phases: in the implementation phase,
the focus includes building planning, building process, time-scheduling and financing; in the
operation and follow-up phase meetings address topics like user practices. Introducing the passive
house concept for renovation slightly changes the frequency and objectives of these meetings.
Additionally, the type of collaboration (partnering) has also brought about new forms of interaction.

In the implementation phase, traditional building site meetings, building planning and building
process meetings play an important role in finding technical and economic solutions for the
implementation of the passive house concept. In Brogarden, Skanska organized these meetings on a
weekly basis; the participants often got homework to be solved for the next meeting. To find
solutions for problems took on average two to three weeks. According to participating actors, energy
efficiency issues occupied between 10-50% of the meeting time**. Among meetings organized in the
spirit of the partnering framework contract®, start-up partnering meetings and Friday meetings® are

! For example, finding solution for the building envelop was estimated to take 10-15%, while finding ventilation system solutions was
estimated to take 50% of the meeting time. On an average, 92 person-hours were estimated to have been spent discussing energy
efficiency issues in the frame of building planning and process meetings.

2 partnering is based on the principle that involved project partners work with a defined target and a common goal in mind; it thus
requires meetings, active participation (direct ideas and solutions from the entrepreneurs), close collaboration between the different
professions and teambuilding.

> Friday meetings take place every fifth Friday. So far approximately 45 meetings have taken place (February 2008 - January 2013).
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the most important to highlight. Start-up meetings have been organized at each stage of the
renovation process: the first meeting took a whole day, the second, a half day, the third, three hours,
the fourth and the fifth two hours each®*. These meetings also accommodate different guest lectures
on topics such as energy efficiency and passive principles. On average, energy efficiency took up 25%
of the meeting.

In the operation and follow-up phase, individual move-in briefings, regular information meetings and
topical seminars were organized for tenants. At the individual move-in briefings, in comparison to
traditional renovation, additional costs occurred in relation to providing information on passive
house principles and practicalities as well as individual carpenter assistance to avoid problems like
perforating the air tight layer. Alingsashem spent an estimated 750 person-hours on the move-in
assistance; this resource input would not have been necessary for a conventional renovation.
Information meetings and topical seminars include a one-time public start-up meeting (April 2007), a
scenario building workshop, and regular meetings often combined with topical seminars and guest
lecturers (weekly, later monthly). These meetings were important in order to use the passive house
system more efficiently, a concern not present in conventional renovation projects. Alingsashem
dedicated approximately 75 person-hours and the Tenants” Association roughly 50 person-hours to
these meetings.

4.3. New information channels: experience database and newsletter
Unlike conventional renovations, passive house renovations require new forms of written
information channels, structures and storage; the experience database and the Brogdrden
newsletter” are two good examples of these. In the operation and follow-up phase, Skanska set up a
database with experience gathered from various partners involved in the renovation (i.e.
performance evaluation). Experiences range from technical details through working process-oriented
issues to new ideas for the future. The aim is to ensure continuity and to improve the (stages of the)
renovation processes in the future. Another example of new information channels is the end-user
involvement in the appropriate application of new technologies, which was also recognized early on
in the Brogarden project. The newsletter Brogdrdsbladet has been one of the most important
information tools for tenants to get acquainted with the details of the renovation process, passive
house principles and measures. It has been issued and distributed to each apartment on an average
1.5 times per month since 2007. The newsletter is a common responsibility of Alingsashem and the
Tenants’ Association and takes one person-day per month for Alingsashem (456 hours), 50% of the
working time of one worker at the Tenants” Association and one person-day per issue for Skanska
(224 hours).

4.4. Potential for transaction cost reductions
The strategies and measures discussed above have provided a potential for knowledge development
and learning in passive-house renovations. This, in turn has reduced construction and transaction
costs. One indication of this is that the actual construction time was reduced from 12 months, as of
the first renovation stage (demonstration project), to 7.5-10 months for the later renovation stages.
The various strategic measures applied had an effect on the different sources of transaction costs.

Transaction costs of due diligence and the search for passive house technology solutions were
reduced by study visits, demonstration projects, new forms of meetings and new forms of
documentation. The searches for the form of collaboration and for assessment and monitoring
methods were reduced by study visits, demonstration projects and new forms of meetings.
Transaction costs of negotiations, such as project formulation and target setting were reduced by
study visits, demonstration projects, new forms of meetings and new forms of documentation.

* The first start-up meeting took place before the renovation started; all involved project participants (43 participants) attended a one-day
meeting in Alingsas. The aim of this session was to present the vision, the goals and the targets of the renovation project. The passive
house concept was delineated among actors by presentations (a 3.5 hours energy presentation, focusing on ventilation and outer walls)
and team-games (a quiz competition).

* The newsletter is available at http://www.alingsashem.se/index.php?page=bobladet
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Preparation for the main call can be reduced by new forms of meetings (see more details in Table 2).
In addition, different ways to provide information provision to tenants (for example, the
demonstration apartment, new forms of meetings and newsletters) seemed to contribute reducing
transaction cost in relation with the operation and maintenance of passive house technology
solutions. Monitoring activities also serve as a basis for learning from own experience and thus
contributed to cost reductions in all phases of passive house renovation.

However, not all transaction costs could be reduced through learning. This study shows that
transaction costs of due diligence, such as extended pre-study and the assessment of building
developers and subcontractors have little room for reduction through learning. Similarly, transaction
costs of negotiations, such as subcontracting and monitoring show very low or no reduction
potential. This is because feasibility studies, building investigations and technical procurement
requirements are highly building specific.

Table 3 Strategies for learning to reduce construction costs and specifically transaction costs in Brogarden

Strategies promoting learning

Study visits &
Transaction costs Demonstration
projects

New forms of New channels
meetings of information

Due Extended pre-study
diligence Search for form of collaboration v \
Preparation of the call for building v
developer

Assessment of building
developers” application
Assessment of subcontractors
Search for passive house
technologies

Search for assessment methods
Negotiation | Project formulation

Target setting

Preparation for the main call
Subcontracting under partnering
Monitoring | Monitoring

< |2 |< <

< |2 |2 | <2 <
< <

5. Concluding remarks

To overcome barriers to energy efficient renovations and to make passive house renovations more
financially attractive, transaction costs related to the introduction and implementation of passive
house technologies must be better understood and ultimately reduced. This study has identified
three natures of transaction costs arising during the application of the passive house concept: due
diligence, negotiations and monitoring. Due diligence costs arise in relation to extended pre-study,
search for the form of collaboration, passive house technology solutions and monitoring methods,
preparation of the call for building developers, and assessment of the applications of building
developers and subcontractors. Negotiation costs occur in relation to project formulation, target
setting, preparation for the call for building developers and subcontracting under partnering.
Transaction costs of monitoring arose in relation to monitoring of energy and cost savings, energy
efficient equipment and maintenance of passive house technologies. It was found that certain
sources of transaction costs, for example due diligence and negotiation, can arise throughout the life-
cycle of the passive house renovation project; while monitoring is more typical in the operation
phase.

Findings strongly suggest that transaction costs of passive house renovations are higher than
transaction costs associated to conventional renovations. Out of these, most of the costs occur in the
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planning and implementation phases. Interestingly, our study revealed that a high proportion of
these costs can be reduced through learning. In fact, it was found that certain strategies have already
been introduced and applied to varying extents in the Brogarden project to promote learning and
resulting cost reductions. These are actors’ strategies such as study visits, demonstration projects,
new forms of meetings and written information to open up new information channels. These
strategies have been applied, for instance, to reduce additional costs related to project formulation,
target setting and the search for passive house technologies, which seems to be the highest
transaction costs in the Brogarden project. This is surprising, considering that even if stakeholders
are sometimes fully aware of the existence of transaction costs, they do not keep track of them
and/or implement strategies to reduce them.
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