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EU on asettanut tulevaisuuteen kunnianhimoiset päästövähennystavoitteet. Osana
tavoitteita on luotu EPBD ja RES direktiivit, joiden mukaan kaikkien uusien rakennusten tulee
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energian ja nZEB teknologian hinta on tärkeä aihe, mutta elinkaarikustannukset 2020- ja
2030-luvuilla rakennettavissa nZEB rakennuksissa tulevat todennäköisesti määräytymään
pääosin laatutekijöiden kautta. Laadun varmistaminen ja ohjaaminen oli asiantuntijoiden
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1 Introduction
1.1 Background and focus of the study
As a countermeasure to climate change, EU has set rigorous CO2 reduction goals for
the future. Two of the directives that have been accepted are the Energy Performance
of Buildings Directive (EPBD) and the directive on “promotion of the use of energy
from renewable sources” (RES). EPBD states that all new buildings have to be nearly
zero-energy buildings (nZEB) after 2020 (Official Journal of the European Union, 2010).
The EU definition of an nZEB building also takes into account the RES directive stating
that significant part of the buildings energy need has to be covered with renewable
energy.
The time schedule for the transition is fast and a county specific definition of an nZEB
building is still missing from many countries including Finland. There lie sizeable risks
with the fast transition. In nZEB buildings the building service technology is state-ofthe-art, the envelope is air-tight and renewable energy systems are a standard feature.
The know-how concerning the nZEB features amongst workers, site managers, project
managers, and designers is the main concern. Lack of know-how can lead to quality
and schedule problems during the project and further in the future to malfunctioning
buildings.
The construction industry has to find answers to manage the risks in the upcoming
years. Such a short period of time between the completion of the definition and the
inception of directives leaves few opportunities for piloting. After the inception, the
first projects are in a way all pilot projects, for most people in the industry. Mistakes in
those first projects can although be minimised with a proper preparation. The most
essential step is to organise training and education for the staff in municipalities and
companies in the construction industry. A key role in the education and training lies
within the corporate management, who has to be committed to the transition. There
should be a structured and tangible strategy within organisations for confronting the
transition to nZEB construction, and furthermore, large companies should assign
transition manager and team to the task.
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Modern project delivery systems, procurement options and reimbursement solution
can also contribute as strategies minimising risk when trying to avoid large budget
overruns. Multi-party contractual arrangements such as Integrated Project Delivery
with Competitive Dialogue or Competitive Negotiated Procedure procurement options
and Target Price reimbursement solution can offer a lower risk option due to higher
level of collaboration. The simple idea behind the modern methods is to support
collaborative conditions inside the project, which means there are more people
working for a common goal by sharing ideas and not competing against each other.
Another, even a more important modern tool for securing energy efficiency is the
quality assurance method called commissioning. Commissioning can be performed by
a third-party consultant that specialises in the nZEB features of the building.
Commissioning is an on-going process from the early stages of the project to the use of
the building.

1.2 Scope and structure
The northern climate of Finland sets the first boundary to the scope of the study.
When generalising the results of this study, the climate has to be taken into account.
Some of the attributes, such as the size of the windows in a given nZEB building, are
entirely different in northern and southern climates. The results apply for the nZEB
buildings in areas with cold climate, but of course the results not impacted by climate
apply also elsewhere.
The research is focused on large and medium size building projects. Small-scale
building projects, such as single-family-houses, are outside the scope of the study. The
main reason for this is that the methods suggested in the study are too robust and
expensive for single-family-house projects. Furthermore, when referred to nZEB
projects in the study as being challenging projects, the status challenging is given due
to the nZEB features of the building and the complexity of the conditions or the rest of
the design is not taken into account.
In this study the term commissioning refers to a modern holistic approach of securing
the energy efficiency and functionality of building services. The term commissioning
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has been used for a long time in the factory deliveries of process industry and in health
care business (General Electric Digital Energy, 2014; National Health Service England,
2015). However, the updated version of the quality assurance method commissioning
used within the construction industry has been introduced to the general public mainly
through LEED® concept. To avoid misunderstandings with the term, the commissioning
process based on the IEA Annex 47 research project is described in the literature
review section.
The structure of the dissertation consists of three main areas. The first area includes
the background study covering various issues related to the subject. The second area
consists of definition of the challenges involved in the transition to the EPBD and RES
directives. The third area includes the analysis of the suggested solutions for the
challenges described in the second section. The process is described in Figure 1.1.
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Background

Energy-efficient architecture
Air-tight
structures

Climate change

State-of-the-art
building services

Energy prices

EU directives: EPBD and RES

Renewable energy
Article: II
Methods: price data collection, literature review

Challenges

nZEB definition
process

Challenges involved in transition to nZEB
Article: I
Methods: workshop, literature review

Solutions
Solution 1: Commissioning
Article: IV
Methods: literature review, interviews

Solution 3: Project delivery systems
Article: V
Methods: literature review, interviews

Solution 2: Procurement methods
Article: III
Methods: workshop, literature review

Figure 1.1: Structure of the dissertation, and issues and technologies related to the topic.
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2 Review of the literature
2.1 nZEB technology
2.1.1 The definition of nZEB
The Finnish definition of an nZEB building is not yet published even though it was
originally supposed to be available in 2013. The latest information is that the definition
will be published in 2016 (Kimari, 2014). The original EU definition is relatively general.
“‘Nearly zero-energy building’ means a building that has a very high energy
performance, as determined in accordance with Annex I. The nearly zero or very low
amount of energy required should be covered to a very significant extent by energy
from renewable sources, including energy from renewable sources produced on-site or
nearby.” (Official Journal of the European Union, 2010)
Each member state is to follow this guideline and establish its own definition. The
country specific definitions are important because Northern and Southern Europe have
completely different climates and cost-effectiveness shall be considered in the country
specific definitions. The EU area is divided into four climate zones (Buso et al., 2014).
Finland, Sweden, Denmark, and Baltic countries form the northern area.
Mediterranean EU-countries form a group and the EU-countries in the middle are
divided by the eastern boarder of Germany into eastern and western zones. Ten
member countries have published the definition: Cyprus, Slovakia, Belgium,
Netherlands, France, Ireland, Estonia, Denmark, Latvia, and Lithuania.
Each member state can set the level of their definition not just according to the
climate zone, but also to be in harmony in comparison with the prevailing building
standards and requirements, so that the tightened regulations are not overwhelming
(Buso et al., 2014). For example Denmark has the annual energy usage limit for
residential buildings at 20 kWh/m2 of primary energy, whereas in Cyprus it is at 180
kWh/m2. The ten country specific nZEB definitions published are represented in Table
2.1.
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Table 2.1: Country specific nZEB definitions – situation 2014 (Buso T, Kurnitski J,
Corgnati S P, Litiu A and Derjanecz A (2014), “nZEB definitions in Europe”, The REHVA –
European HVAC J Vol. 2 pp. 6-9).
nZEB definition
Zone

Country

Energy Performance (EP)
EPvalue

Zone
1-2

Zone
3

Cyprus

Slovakia

Belgium
BXL

Belgium
Walloon

Zone
4

Belgium
Flemish

Ireland

Netherla
nds

kWh/m²y

NO

Primary
energy

210

kWh/m²y

NO

32

kWh/m²y

N.D.

54

kWh/m²y

N.D.

60

kWh/m²y

N.D.

34

kWh/m²y

N.D.

45

kWh/m²y

YES

Primary
energy
Primary
energy
Primary
energy
Primary
energy
Primary
energy
Primary
energy

YES

95 2,5*(V/
S)
95 2,5*(V/
S)

kWh/m²y

kWh/m²y

YES

Latvia

Lithuania

Family houses

Primary
energy

heating, cooling,
DHW, lighting,
appliances

Office buildings

Primary
energy

heating, cooling,
DHW, appliances

Schools

heating, DHW,
appliances

Residential
buildings, schools
office and service
buildings

30

kWh/m²/y

YES

Primary
Energy

40

kWh/m²y

YES

Primary
Energy

NO

Primary
energy

70

kWh/m²y

NO

Primary
energy

110

kWh/m²y

NO

Primary
energy

heating, cooling,
ventilation, DHW,
auxiliary systems

heating, cooling,
ventilation, DHW,
lighting, auxiliary
systems

Schools

Residential

25%

Nonresidential

25%

Residential

Nonresidential
Residential

Residential/
Nonresidential

Office buildings,
schools
Office buildings nonair-cond.
Office buildings
air-cond.

heating,
ventilation, DHW,
lighting

-

Nonresidential

heating, cooling,
ventilation, DHW,
lighting

Residential/
Nonresidential

Residential

20

kWh/m²y

YES

Primary
Energy

heating, cooling,
ventilation, DWH

Residential

YES

Primary
Energy

heating, cooling,
ventilation, DHW,
lighting

Nonresidential

YES

kWh/m²y

YES

100

kWh/m²y

YES

130

kWh/m²y

YES

Primary
energy
Primary
energy
Primary
energy
Primary
energy
Primary
energy
Primary
energy

120

kWh/m²y

YES

130

kWh/m²y

YES

90

kWh/m²y

YES

100

kWh/m²y

YES

270

kWh/m²y

YES

95

<0,25

kWh/m²y

[-]

Detached houses
Apartment buildings

heating, cooling,
ventilation, DHW,
lighting, HVAC
auxiliary,
appliances

Residential

N.D.

Primary
energy

N.D.

Energy
performan
ce
indicator C

heating
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not
quantifie
d, but
necessar
y
51% 56%
51% 56%
-

Office buildings

-

Hotels and
restaurants

-

Public buildings
Shopping malls

Nonresidential

-

Schools

-

Day care centres

-

Hospitals
heating, cooling,
ventilation, DHW,
lighting

50%

Residential

YES

kWh/m²y

-

Nonresidential

[-]

50

50%

>10 kWh/
m²y
>10 kWh/
m²y

Residential

Energy
load

100

50%

-

N.D.

Primary
Energy
Primary
Energy
Primary
Energy

50%

-

0

kWh/m²y

50%

Nonresidential

Energy
performan
ce
coefficient
(EPC)

25

Zone
5

heating, DHW

Individual dwellings

Primary
energy

kWh/m²y

Apartment buildings

heating, DHW,
appliances

N.D.

45

heating, cooling,
DHW, lighting

Office

kWh/m²y

kWh/m²y

Building type

heating, cooling,
ventilation, DHW,
lighting

60

Denmark

Estonia

RES
Energy uses
included

Metric

180

50
France

Unit

RES in
the EP
calc.

Residential/
Nonresidential
Residential/
Nonresidential

-

50%

2.1.2 Building service technology in nZEB
Insulation and window design are the basis of energy efficiency in cold climate, but
only to a certain level. In nZEB technology the envelope of the building has to be tight
to prevent the leakage of warm inside air (TightVent Europe, 2011). The inside air is
changed in nZEB buildings with a controlled manner. The heat recovery unit is the
technology behind the control and there are many technical applications that serve the
same purpose with slightly divergent sizes and rates of efficiency (El-Baky and
Mohamed, 2007; Fehrm, Reiners, and Ungemach, 2002; Juodis, 2006; Hoval, 2013a;
Hoval, 2013b). Typical heat recovery efficiency for the modern devices is between 60
and 95 % (Mardiana-Idayu and Riffat, 2012). The two traditional heat exchanger
applications are rotary heat exchanger and plate heat exchanger (Hoval, 2013a; Hoval,
2013b). In different parts of the building CO2 and moisture levels can be detected and
controlled automatically with sensors. The moisture level of the inside climate should
be kept within a certain range to avoid mould problems (US Environmental Protection
Agency, 2013).
Lighting is a significant electricity consumer in buildings. In order to lower the energy
consumption Light Emitting Diode (LED) or Compact Fluorescent Light (CFL) technology
can be used. LED lighting has an energy consumption of 17 % with a 40 times longer
life span compared to the traditional incandescent solutions (Eartheasy.com, 2012).
CFL uses 40 % more energy than a LED and has only 10 % durability compared to it, but
its price point is significantly lower (Eartheasy.com, 2012). The results yielding from
installation LED lighting can be further refined by installing motion sensors to spaces
(US Department of the Interior, 2015).
Architecture has a significant impact on the energy efficiency. In Nordic climate, the
window area in residential buildings has been reduced in the designing of passive
houses to make it easier to reach the energy consumption goals (Nieminen, 2006). On
the contrary, window shading is an essential part of the nZEB design in warm climates
to restrict the need of cooling (Baldinelli, 2009). Furthermore, daylighting is an option
for cutting the costs of lighting. Tubes descending from the ceiling and light shelves
inside lowered ceiling structures can bring natural light into the core of the building
(Singapore Government, 2014).
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2.1.3 Renewable energy in nZEB
The EU definition states that significant part of the energy need of nZEB has to be
satisfied with on-site or nearby renewable energy sources. This definition leaves room
for interpretation; however, it is clear that the core idea is to create a distributed
energy network consisting of small and medium scale renewable energy systems to
manufacture significant proportion of the energy need of buildings in societies. In this
section the most promising systems to fulfil the task in Finland are presented.
Cool temperatures are typical in Finland which makes heating a more significant factor
compared to buildings in Central Europe. The northern location of Finland is a
disadvantage in the energy efficiency point of view, but there is one special
opportunity attached to the circumstances, snow storage cooling is possible. The only
large-scale operational application can be found from Sundsvall Sweden, where during
the first four operational years 80 - 90 % of the 700 - 1 300 MWh cooling need of the
hospital of 190 000 m2 was covered with an annual snow volume of 30 000 - 40 000 m3
(Skogsberg, 2005).
Concerning the heating, ground source heating has enjoyed rapid growth in the last
decade in Finland. In 2011, nearly 50 % of single family house builders selected ground
source heating (Motiva, 2012). The initial investment cost of the pipe system and the
pump is high, but operating costs are modest. In designing the heating solution a
crucial factor is the scaling of the systems. The heating demand of buildings in
northern climate has pikes due to low temperatures in the midwinter. In single family
houses wood heating is a popular way to cover the peak of the demand. Modern
capacitive fireplaces and ovens gradually cool down and release the heat in a period of
12 to 24 hours after burning with a efficiency of 90 % (Tuomaala, Laitinen, and
Virtanen, 2014). When selecting the option of covering the entire heating demand of
the building with wood heating, an automatic wood chip or pellet heater is the most
popular option. Pellet has its advantage over wood chips on ease of handling and
storing, but it is a more expensive solution. In Sweden 60 000 houses were heated with
pellets already in the year 2004 (Persson, 2006).
Even though burning of wood produces CO2 emissions, those are considered to be
equalised by the trees replacing the burned ones in the EU legislation, to promote the
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usage of renewable bio energy. The Bio Energy status of wood energy means that the
primary energy factor in the Finnish building standard is 0.5 (Motiva, 2011). The idea
behind the classification is that wood would release the same amount of CO2 to the
atmosphere gradually in the decaying process (Heljo and Laine, 2005).

If mid-winter heating demand is covered with electrical heating it does not necessarily
mean that the building cannot still have the low-energy status. Even the net zeroenergy building (NZEB) performance level is possible, which is one step further from
the nZEB level. This is because it is possible to use the same amount of electricity in the
cold season that was deposited to the grid in the warm season with solar panels
(Institute for Building Efficiency, 2010). The possibility to sell electricity to the grid is
essential part of zero-energy buildings.
Solar energy can be used to produce electricity or heat. As solar heating has the best
efficiency in mild temperatures, an additional heating system is required in cold
climates. A challenge of solar heating system is that the demand and supply occur in
opposite seasons in Finland. However, at the summer time, when the solar gains are
high, even small area of solar heating tubes can produce all the needed hot water in
the building.
Solar electricity is renewable and PV panels have warranty and a life span of 25 years
with minimum of 80 % of the designed power output (Mæhlum, 2014). Warranty and
expected lifetime of possible batteries and inverters are however only 10 years
(Solarenergy.net, 2014). The only problems are posed by the climate and by the price
of the hardware. In Finland climate is not ideal for solar power but the efficiency of the
sun is only 10 % lower in Helsinki and 28 % lower in Lapland than in Paris (Erat et al.,
2001). This means that using PV panels is possible but more expensive in Finland. The
latest PV panels manufactured in China had a cost of EUR 0.38 per watt- peak (Mehta,
2013). Costs of the materials are countable for most of the resent price decline but the
price is still expected to go down by 38 % by the year 2017.
Wind energy accounts for 0.9 % of the total energy production in Finland and this
percentage is rising by 20 - 30 % annually (Technical Research Centre of Finland, 2013).
Price calculations highlight the fact that inland wind power is more expensive than
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coastal solutions due to slower wind speeds (Wind Energy – The Facts, 2014a). When
comparing the economics between wind power and solar electricity the decision
comes to comparison between wind speed and solar values of the location (Boxwell,
2009). In Denmark, the coastal winds and northern location favours wind energy, but
as a contrast in the state of Texas the solar solutions are strong due to the Southern
location and local climate (Danish Wind Industry Association, 2015;
WindSolarEnergy.ORG, 2009). When thinking about the future of these solutions, solar
panel prices are expected to get more affordable faster than wind turbines (Mehta,
2013; Wind Energy – The Facts, 2014b).
Biogas energy is another option for the on-site energy question for a property. Biogas
is used as a fuel for combined heat and power (CHP) motors, which are capable of
producing heat and electricity simultaneously. The technology of the motors is rapidly
evolving and also smaller micro-CHP motors exist in the market. Biogas consists mainly
out of CO2 and methane (CH4). Even though the proportion percentages vary, the
impact on the climate change is caused almost entirely by the CH4 component due to
its 20 times larger impact on the climate change compared to CO2 (Biogas Association
of Australia, 2014). Municipality and farming waste turned into energy makes biogas
energy highly sustainable, as the waste would otherwise release green house gases
into the atmosphere during the composing process.
Biogas energy is especially attractive way of powering public buildings and farms with
micro-CHP (Hagström, Vartiainen, and Vanhanen, 2005). However, biogas energy
management is not a complete solution for a society, but rather a piece of the puzzle
when building a nation-wide distributed network of energy. It is difficult to increase
the production of biogas larger than few percentages out of the total energy
consumption in a society, as the process needs organic raw material that can be at the
moment practically harvested from farms and bio-waste containers in cities.
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2.2 nZEB construction projects
2.2.1 Procurement options
Contracting is a straight forward process, if the expectations and needs of the owner
are clear and well understood by the bidders. The probability of getting the message
through can be raised with well-structured and understandable call for bids. However,
even with well-structured call for bids problems emerge if the owner cannot precisely
express the needs. Reasons for this may be lack of experience or competence,
complexity of the project, or a novel technological concept such as nZEB building.
Based on the book released in 2011 by The Associated General Contractors of America
(Kenig, 2011), there are four basic options for procurement or bidder selection. The
most commonly used procurement option is Low Bid where the selection is base on
the construction cost of the project and the payment is a fixed price stated in the offer.
Other known names for this procurement option are Competitive Sealed Bid, Sealed
Bid, and Hard Bid.
In the 1990’s arose the idea of a Best Value in procurement and as stated by the UK
government initiative from 1998, Best Value means that public organisations should
look for the lowest life-cycle costs and promote innovation in procurement (Morledge
and Smith, 2013). Best Value: Total Cost is the procurement option in which the
princibles of Best Value are as the basis of the selection (Kenig, 2011). There can be a
bidder selection round in the Best Value options which can be justified for example in
complex or large projects (Palaneeswaran, Kumaraswamy, and Ng, 2003). After
shortlisting the bidders, the owner has to release the grounds of the evaluation of the
bids. The aspects of the design from which quality points are given have to be clearly
stated. Quality points are typically given amongst other factors, from innovativeness of
the design and low life-cycle costs. The bid with the best overall value after summing
the cost and quality points will win. Best Value: Total Cost is also known as Competitive
Sealed Proposal, Best Value Source Selection, and Competitive Proposal Selection
(Kenig, 2011).
Best Value: Fees is an identical procurement option to Best Value: Total Cost with an
exception that other fees than the construction cost are included in the bid as well.
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The possible categories for the fees are construction services, divided into
subcategories of preconstruction, construction and post-construction, general
conditions, design, and construction contingencies. Best Value: Fees is known also as
Best Value Source Selection (fees), Competitive Sealed Proposal (fees). (Kenig, 2011)
Qualification Based Selection (QBS) is the fourth standard procurement option (Kenig,
2011). In QBS the price is not a factor in the selection process, therefore it has to be
negotiated after the selection of the constructor. If, however, consensus between the
parties cannot be found on the price, the second place finisher in the bidding contest is
called to negotiations. QBS is also known as Negotiated, Single Source, Competitive
Dialogue, and Competitive Negotiated Procedure. The two latter have been promoted
by EU in the last decade with public procurement legislation reliefs (Burnett, 2009;
European Commission, 2014).

2.2.2 Reimbursement solutions
There are four basic types of reimbursement solutions to accompany the procurement
option types. Lump Sum is the most simple reimbursement solution, in which the fixed
price stated in the offer is paid by the owner. It is highly compatible and the only
sensible solution for the Low Bid and Best Value: Total Cost procurement options. Unit
Price reimbursement solution can be used to compensate an easily quantified work
performance especially if the scope of the work is not precisely known at the moment
of bidding. (Kenig, 2011)
Cost-Plus Guaranteed Maximum Price (GMP) is a reimbursement solution in which the
service provider takes the risk of a large overrun of the costs. The Cost-Plus
reimbursement is also possible without the Guaranteed Maximum Price. The
arrangement can be used in a project that has particularly unique features that make
estimating the costs difficult, and therefore the price risk falls to the owner. Cost-Plus
reimbursement solutions are standard solution to be accompanied with Best Value:
Fees or QBS procurement option. (Kenig, 2011)
Target Price is an advanced reimbursement solution, in which a target price is
negotiated between the selected bidder and the owner. In the end of the project, if
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the actualised price differs from the target one way or the other, the overrun or the
save is divided between the parties with a certain formula. (Broome and Perry, 2002)
Certain amount of compensation is however guaranteed to the designer and
constructor and therefore large cost overruns fall to the owner side. Typically the
owner compensates the direct project costs, the project specific overhead, and
possibly part of the corporate overhead to the constructor and the designer regardless
of the financial result of the project. Target Price is compatible with QBS and Best
Value: Fees procurement options, and is also known as Target Cost Contract and Cost
Plus Incentive Fee. (Kenig, 2011)
The selections of procurement option and reimbursement solution are connected with
each other and with the selection of project delivery system. Co-operation between
parties in the planning phase of the project secures that no misinterpretations occurs
and the needs of the owner become clear to the constructor and to the owner as well
(Luo, 2002). To enable close co-operation between all the parties from the early stages
of the project a suitable project delivery system also has to be chosen. The risk
allocation is done according experience; the party that has the best ability to manage a
risk will carry it (Zaghloul and Hartman, 2003). Modern procurement options and
reimbursement solutions are highly compatible with modern project delivery systems
(Kenig, 2011).

2.2.3 Project delivery systems
One of the most important decisions for the owner in an nZEB project is choosing a
right type of delivery system (Liu et al., 2015; Al Khalil, 2002). There are numerous
different kinds of delivery systems with several slightly differing variations. The
standard procedure when choosing a delivery system is to trust the experience of an
in-house expert or opinion of a consultant (Liu et al., 2015). Another approach is to use
one of the available theoretical models to calculate the most suitable system.
Important factor when choosing the project delivery system to any project, should be
the expertise and experience of the owner (Love, Skitmore and Earl, 1998). Global
vocabulary concerning project delivery and procurement has been developing in the
past decades but is far from unanimous acceptance (Kenig, 2011; Rowlinson and
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McDermott, 1999). The internationally well-known U.S. project delivery systems are
discussed and reflected to the Finnish systems in this study.
The project delivery systems are divided into four groups in the dissertation. Dividing
project delivery systems can be made with a variety of ways. The division is made for
the needs of nZEB projects and it is consistent with the leading reference of this
section; Project Delivery Systems for Construction by Michael E. Kenig is published by
The Associated General Contractors of America in 2011. Also the division between
procurement options and project delivery systems is based on this book. Compared to
traditional construction project, nZEB projects are more challenging due to
technological aspects of the building. Airtight structures, unorthodox on-site
renewable energy, and state-of-the art HVAC design all poses a challenge even to an
otherwise standard building project. Co-operation between parties of a construction
project is likely to increase innovation and reduce mistakes in any challenging building
project, such as one with nZEB technologies (Barlow, 2000). The four groups of project
delivery systems are:
1. Traditional delivery systems
2. Fast-tracking-oriented delivery systems
3. Integrated delivery systems
4. Life-cycle-oriented delivery systems
Design-Bid-Build is by far the most commonly used and known delivery system (Liu,
2015; Sundt, 2014). First the owner selects a designer who makes a complete design
which is used in the second phase when the main contractor is selected. The
reimbursement solution, that is compatible with Design-Bid-Build, is Lump Sum. It is
easy to make a Lump Sum bid when complete designs are available and the scope of
the project is clear. A clear scope also results in the lowest possible price (Dorsey,
1997). Uncertainty of the scope makes bidders to add risk buffers to the bids.
Multiple prime is a sub classification to Design-Bid-Build delivery system. The design
process is exactly identical but in the building process there is not a single main
contractor, but multiple contractors that are working directly to the owner (Col
Debella and Ries, 2006). The main difference is therefore that in multiple prime the
owner keeps the organisation and management of the building process to itself. Large
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owner organisations may have an experienced in-house staff for managing
construction projects from start to finish.
The advantages of Design-Bid-Build system are simplicity and clear scope. However,
Design-Bid-Build is a slow way of building (Dorsey, 1997). Time is lost due to two
separate bidding phases and the fact that overlapping designing and construction is
not possible. Another drawback in traditional delivery systems is that they do not
support innovativeness or co-operation between parties of the project (Kenig, 2011).
In the worst case the lack of common goal or incentive for co-operation may lead to
disputes between the parties, which are costly and time consuming.
In the second category there is a system that eliminates some of the problems
presented in the previous chapter. In Design-Build system one constructor handles
both designing and building (Ling, Chan, Chong, and Lee, 2004). With Design-Build
system there is a high level of co-operation between the designing team and the
builders. However, the designer is hired by the constructor which reduces the cooperation and dialog between the owner and the designer to minimum. As the
designer’s interest is to listen to the constructor after the bidding competition, it may
become difficult and costly for the owner to affect the design. Success with DesignBuild system is strictly dependent on the competencies of the owner (Kerzner, 1995;
Lim and Ling, 2002). The owner must have a clear vision of the scope of the project and
have staff and competence for handling a Design-Build project (Bo and Chan, 2010).
The main benefit of Design-Build system is its time saving fast-tracking feature (Hale et
al., 2009). The work on the site can be started well before the finalisation of the
design. Also the fact that there is only one bidding round shortens the duration of
construction projects by weeks. Design-Build system also supports innovation, because
constructors are competing with design and price. Innovations in the design might on
the other hand result in savings in operational costs or they might reduce the price of
the bid. Additional benefits compared to Design-Bid-Build are single-point
responsibility, increased productivity, lower risk for disputes and higher financial
certainty (Bo and Chan, 2010).
Construction Manager (CM) At-Risk is another fast-tracking orientated project delivery
system. However, it differs from Design-Build fundamentally. Ideally, the constructor
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and the designer are involved with the owner in the project planning phase and the
project, as well as the design are planned with a joint-effort to a certain stage before
the price is negotiated. Target Price reimbursement solution is highly compatible with
CM At-Risk. Also it is convenient to use Competitive Dialogue or Competitive
Negotiated Procedure to enable co-operation between the parties from the early
project planning phase of the project (Burnett, 2009; European Commission, 2014).
There is always a risk that the price cannot be settled with the selected candidate,
which would mean that a financial settlement to the bidder shall be given, based on
the efforts given to the project in the project planning phase.
CM At-Risk with Target Price sets a functional stage to innovation and co-operation
between all project parties. There is more expert parties affecting the initial choices of
the owner and the experience of the designers and constructor is a valuable asset in
the project planning phase for many owners. The needs of the owner are well
understood with CM At-Risk. Another advantage of the system is that the common
financial goal makes the building process smooth and fast. The co-operation between
parties in the earlier stages leads to fewer misunderstandings and disputes (Mosey,
2009). It can also make the dialog during the construction stage easier. The managers
and staff members of the project parties are accustomed with the processes and
organisational culture of other parties and in the ideal case have established mutual
respect and a functional flow of information.
The co-operation between the parties can be also enhanced with tools used in
Integrated Project Delivery (IPD) system. Big room is a concept in which the key
members of all the main parties work in a single location, which makes the cooperation fluent and practical (Universal Health Services, 2014). Pull scheduling, Last
Planner system, and Building Information Modelling (BIM) are tools used in IPD
system. The tools are however also compatible with CM At-Risk project delivery
system and if they are exploited, the delivery system can be called IPD-ish, IPD Lite,
Hybrid IPD, or Non-Multi-Party IPD (Kenig, 2011).
IPD system may seem as advanced CM At-Risk system, but there is a fundamental
difference which puts it to another group of integrated delivery systems. In IPD system
a multi-party contract is signed between the main parties of the project. The owner,
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the designer, and the constructor are always part of the contract, but other key
parties, such as the HVAC designer and contractors may also be invited. Target Price is
always used in this system and the co-operation is reinforced with a waiver of legal
right to sue other members with rare exceptions to ensure the fluentness of the
project. Any arguments are solved with negotiating protocol, which means that all the
parties will save in the legal expenses in the long run (National Association of State
Facilities Administrators et al., 2010).
Co-operation with larger group of experts brings more ideas and innovations to the
table in all parts of the project. At minimum the impact of IPD system to the project is
that no party is holding back their ideas (Matthews and Howell, 2005). The multilateral information sharing is digitally based and open. The design is alternated flexibly
as the construction work progresses and better solutions are invented (National
Association of State Facilities Administrators et al., 2010). The project process is based
on co-operation, trust, and respect. However, if those values are lost in some point of
the project and the co-operation becomes difficult, the result is going to be bad for all
the parties. Dependence on trust between people can be named as a weakness of IPD
delivery system.
Another issue yet to be resolved with this new project delivery system is the
contractual law and how it supports IPD. In Finland the conclusion of contracts are
governed by the Contracts Act, but commonly used delivery systems such are based on
General conditions for building contracts – YSE 1998 document (Ministry of Justice,
1999; Rakennustieto, 1999). IPD does not have a status in the YSE 1998, which makes
using it more complicated and time consuming as all the possible risks have to be
written to the contract. This problem has been noticed and RAKLI is preparing actions
to develop a set of contractual practices for IPD (Peltonen, 2015).
Public Private Partnership (PPP) Procurement is another modern project delivery
system. In PPP-Procurement there is a single service provider that handles design,
construction, and maintenance work for a predetermined period of 20 to 30 years
(Elron, 2009). The service provider may also handle the financing of the project, or
another party may join the partnership as a financer. The owner pays monthly service
fee during the duration of the service contract. The service fee is set to certain amount
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and it is dependent on the level of service. The basis of the service fee may also be the
amount of users (Confederation of Finnish Construction Industries, 2009).
Standard office buildings operation and maintenance costs sum up to 50-60 % of the
construction cost in its lifetime (Seppänen et al., 2004). One of the principal ideas
behind PPP-Procurement delivery system is to reduce those costs by giving
maintenance, designing, and constructing to the same authority. The service provider
has therefore motivation to produce an innovative and functioning design that reduces
the need for maintenance work and on the other hand to handle the preventive
maintenance work carefully to reduce the up-keep cost and to keep the service fee at
100 % (Confederation of Finnish Construction Industries, 2006).

2.2.3 Commissioning
Commissioning is a quality assurance method that has its central focus on the energy
efficiency of the building. The concern about energy efficiency has established
commissioning as a standard tool in modern building projects. A primary issue to raise
the popularity of commissioning in recent years has been the success of LEED
certification. Commissioning is a mandatory feature in the LEED building process and
extra certification points can be received if enhanced commissioning is performed in
the project (Mills et al., 2004). However, the popularity of commissioning has not risen
dramatically outside the US and LEED projects. There are still doubts about the
usefulness of commissioning outside special deliveries amongst the construction
industry in European countries (Ágústsson and Jensen, 2012).
Financially commissioning of building projects can be justified. The payback period of
commissioning varies with a large range but the average is between four and five years
(International Energy Agency, 2010b; Mills et al., 2004; Pietiläinen et al., 2007; Snyder,
2010; Yudelson, 2008). Afterwards the financial benefits can be difficult to trace since
in commissioning new buildings one of the main benefits is the lowered risk of bad
decisions, which may lead to quality problems or reduced energy efficiency. One
solution for revealing the benefits of commissioning is to gather data from similar
projects with and without commissioning (Ágústsson and Jensen, 2012). The value of
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commissioning increases when applied to low-energy buildings due to sophisticated
building service systems of low-energy buildings (Frank et al., 2007). At the moment
the commissioning procedures are not however designed for innovative buildings,
such as nZEB buildings. Furthermore, automated commissioning tools for tracking the
benefits of commissioning should be developed and work towards this goal is
underway. The automated commissioning tools can be attached to the building
automation system which already exists in new buildings (Xiao and Wang, 2009).
The commissioning activities can be organised by two distinctively different ways. The
first option for the owner is to rely on a third-party commissioning consultant. This
option has the benefit of objectivity of the consultant and early engagement of the
expert. The second option is to rely on a commissioning service produced by a player
already involved in the project, usually the designer or a system provider. The benefit
of the second approach is that the commissioning expert is embedded in the designer
organisation and the co-operation between the consultant and the designer is fluent.
(Visier, 2003) The independent third-party commissioning can be argued to be a safer
choice, since conflicts of interest cannot be avoided if the commissioning consultant is
paid by anyone else than the owner (Peterson, 2006). Furthermore, the commissioning
consultant can be engaged to the project in the early stages of the project in the first
option, whereas in the case that the commissioning consultant is employed by the
designer, it can be done only after engaging a designer into the project.
The commissioning process varies from project to project depending on its type and
features, commissioning budget and the commissioning company. However, a
standard process was developed for Finnish projects in 2007 in a research project
based on the findings in IEA Annex 47 (International Energy Agency, 2010a; Pietiläinen
et al., 2007). Commissioning process starts in the project planning phase of the project.
Therefore the owner should select the commissioning consultant before other parties
of the project are selected. Collaboration with the commissioning consultant may help
finding the best constructor, designer, and HVAC designer for the project in the energy
efficiency point of view. The commissioning consultant also plays a major role in
setting the energy efficiency and CO2 goals for the project.
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A standard commissioning process has seven stages, which are described below
(Pietiläinen et al., 2007):
Stage one takes place in the project planning phase of the project. The commissioning
consultant helps to define and structure the needs of the owner, sets up the
commissioning organisation for the project, and plans and budgets the commissioning
activities. The second stage consists of shaping the designing objectives together with
the owner followed by scrutinising the design in the third stage. The commissioning
consultant inspects the plans considering indoor climate, energy efficiency, and
integration of building service systems.
Before the actual building work and procurement of materials, the commissioning
consultant inspects all the designs in the stage number four. The energy efficiency
goals have to be found easily from the designs and the contract documents.
Furthermore, in the fourth stage is the final stage for choosing the testing procedures
for the building service systems. In the fifth stage, the building service contractors’
schedules are monitored and their preparation for the final testing is assured.
Furthermore, the content of the maintenance manual is inspected by the
commissioning consultant. The sixth stage consists of the final testing and calibration
of the building service systems and familiarising the maintenance crew with the
systems.
The last stage is the follow-up season with a typical duration of 12 to 18 months. The
systems are further calibrated by the commissioning consultant in this stage to find the
optimal energy efficiency and indoor climate for each season. Furthermore, the
maintenance crew of the building is further educated during this time.
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3 Aims of the study
The aim of the study was to find risks and challenges involved in the transition phase of
the 2020 EU nZEB directives (EPBD and RES). Furthermore, solutions and precautions
to manage those challenges and problems are introduced. The specific aims of the
study are:
1. To investigate the risks involved in the transition phase to the EU nZEB
directives (EBPD and RES) for Finnish construction industry.
2. To compare the life-cycle cost of renewable energy used in nZEB buildings, to
the typical energy sources used in Finland.
3. To examine the compatibility of commissioning as a building services quality
assurance method to nZEB projects.
4. To investigate the compatibility of project delivery systems and procurement
options to nZEB projects.
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4 Research methods
4.1 Research approach and strategy
The research questions of the study are divergent by nature. In the context of the
study divergence means that solutions to the research questions are not absolute, but
selected from a pool of suitable solutions in light of the present knowledge and
experience (Schumacher, 1973). When dealing with issues involving complex systems
such as a society or economy of an investment, issues tend to be divergent. As there
are several possible solutions to a divergent issue, after finding a suitable solution in
theory it must be tested in real-life projects for its functionality in practice. The
approach to divergent research questions was selected to be a mix of different
research methodologies and methods. The applied research method can be called
mixed-method. Excluding the second research aim, the focus on all the other research
aims was in a qualitative empirical research.
The second research aim: “to compare the life-cycle cost of an essential part of nZEB
buildings – renewable energy, to the traditional Finnish energy sources”, was
investigated in a quantitative manner through numerical price data. The data was
gathered from public price lists, via e-mail and phone, and from offers received by
parties working in the same research project. The interest and escalation values
needed for the investment calculation were acquired from the Finnish government
(Finnish State Treasury, 2011) and the Technical Research Centre of Finland
(Holopainen et al., 2007). Discussion and analysis in Article II were then made on top
of the results of the investment calculation and literature review.
There are the domains of real, actual, and empirical in the critical realism research
viewpoint (Bhaskar, 2008). Empirical domain is based on experiences that are there
because of the past events. Empirical qualitative methods are hence based on
experiences of the participants of a study. Two type of qualitative research methods
were applied in the study: interview and workshop. Interview is an effective way to get
personal experiences and insight, developed in the mind of the interviewee upon
those experiences, recorded. New insights concerning the subject at hand might occur
during an interview, however much more effective way to bring completely new ideas
to the table is the workshop method. Workshop method that uses the brainstorming
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technique brings effectively the ideas of the participants into the table, but it also
brings out new original ideas that are based on the discussion happening in the
brainstorming session (Isaksen, 1998).
The workshop method was found suitable for the first research aim: handling the risks
of the transition period, and therefore a secondary method was not needed in Article
I. Informational literature review section was however added. The workshop was
arranged in 24.9.2013 in Espoo and a field of experts were gathered to this event. The
full name list can be found from Appendix 2. The results of the workshop were
extensive and after reporting them to the result chapter of Article I, discussion and
conclusions by the researcher was drawn to the paper.
The compatibility of a commissioning quality assurance to nZEB projects, which is the
research aim number three, was investigated through literature review with inductive
reasoning in Article V. The research also included two expert interviews as a secondary
research method and those had the role of verifying the findings of the inductive
reasoning as well as bringing some new subject related insights into the discussion.
Literature concerning nZEB technology was reflected to commissioning literature and
the modern commissioning procedure was scrutinised in light of the nZEB features.
After initially concluding that the procedure was compatible with nZEB technology, a
list of additions to the procedure was created by the researcher. Those additions were
further tested by bringing them for the scrutiny of the interviewees. Analysis and
discussion were made from the additions and from original ideas that emerged from
the interviews.
The fourth research aim: “To investigate the compatibility of project delivery systems
and procurement options to nZEB projects”, was divided into two separate articles (III
and IV) to investigate procurement options and project delivery systems separately
even though they are closely related. Workshop method was selected as the mean to
collect experiential data for Article III concerning procurement options. 14
professionals from varying fields of expertise arrived to the workshop arranged
25.1.2012 in Espoo. The results were gathered and compared to the strong literature
review made also to Article III. The literature review and the terms used in Article III
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and IV are founded to a book released at 2011 by The Associated General Contractors
of America and Michael E. Kenig.
Inductive reasoning accompanied with interviews was the research approach applied
to the project delivery part of the research aim four. The literature review resulted
with strong thoretical evidence of the compatibility of nZEB technology and modern
project delivery systems in Article IV. Those evidence were further tested in the
interviews and even though the theoretical reasoning was found sound, some practical
real-life issues emerged. The two interviews also resulted in many interesting new
issues related to the subject. The results of the previously written Article III about
procurement options were also reflected in Article IV.

4.2 Overview of the research methods in original articles
4.2.1 Inductive reasoning through literature review
Literature review was part of every article, however with a varying emphasis. In
Articles IV and V a comprehensive literature review out of two subjects were
conducted to be a basis of inductive reasoning. Inductive reasoning is based on the
assumption that, with a high degree of probability, the conclusion is true (Niiniluoto,
1983). Even though there is not any new original information in the summary part of
the dissertation, the literature review of all articles is further strengthened in this part
with additional references.

4.2.2 Interview
Interviews played a significant role in two of the articles. Articles IV and V relied on
inductive reasoning, but both of them were strengthened with the findings of two
expert interviews. The experts in both cases confirmed that the reasoning made
through the literature is valid and brought into discussion also some insights and
experiences of their own. The interviewees were intended to represent Finnish
expertise in subjects of commissioning and modern project delivery systems, which
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have only few specialists in the country. The expertise of all the interviewees is
presented in Appendix 1.
In Article IV dealing with project delivery systems, the interviewees were engaged in
one of the first housing IPD projects in Finland. The first interviewee Henri Jyrkkäranta
acted as a project manager with the constructor, but changed jobs to work for the
owner after the project. The second interviewee Jani Saarinen worked as an IPD
consultant in the project and has an extensive experience on IPD projects in Finland.
The expertise of the interviewees was hence guaranteed as the focus of the article is
on the modern collaboration based project delivery systems.
In Article V concerning commissioning, interviewees with a real-life experience on a
modern type extensive commissioning were difficult to find since the nature of
commissioning done by the major consulting companies is more or less restricted to
the conservative approach at the moment. One experienced commissioning consultant
and one entrepreneur type consultant were however found and the latter – Ryan
Zizzo, has experience also on extensive commissioning from a number of LEED projects
in Canada. Ari Jalkanen is an experienced professional and has done conservative type
of commissioning since 1990’s, but is familiar with the modern type as well.
The length of the interviews were between 70 and 100 minutes. All the four interviews
followed the same path where the interviewer was a listener asking unrestricting
questions from the question list in the first half and engaged in a dialogue with the
interviewee asking specifying questions related more closely to the subject of the
article in the second half. Interviews can be called qualitative, as answers were only
needed for a certain structured issues and the rest of the results that rose from the
interviews were received through an unstructured dialogue between the interviewee
and the interviewer. The questions that supported the unstructured interviews are
listed to Appendix 3 - 6. The interviews were recorded on tape and reported directly
from the tape into the articles.
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4.2.3 Workshop
The foundation of Articles I and III was the information gathered in expert workshops.
The method could as well be called brainstorming. Brainstorming is a technique where
two or more people discuss a matter and typically try to create a solution by feeding
from each other’s ideas causing creative thinking (Isaksen, 1998). The researchers call
the method workshop since there were multiple brainstorming groups and sessions.
Workshop is an efficient way to engage 15 to 20 experts to create new information
about one subject.
In both workshops the format was to divide the participants into groups of three to
five persons and give them an assignment to create ideas and solutions to a specific
problem or situation. In the workshop attached to Article I, the format consisted of
two sessions, the first lasting for 70 minutes and the second for 50 minutes. In the
other workshop attached to Article III the format included a single 90-minute
brainstorming session. In both workshops, the groups reported their results to a form
with suggested discussion topics during their discussion. The researcher gathered the
result of each group to a single list by constantly moving between groups during the
discussions. The role of the researcher was also to guide the discussion in the groups
to the right direction and remind the group members to stay in the subject at hand and
keep moving forward concerning the time limitation.
After gathering the ideas of each group to a single list, all the participants were able to
comment on those. The comments were gathered in two stages: first, in a discussion
of the whole group at the end of the workshop, and second, via e-mail in a period of
two weeks after the workshop. The participants of the two workshops are categorised
by their organisational positions and their field of expertise in Table 4.1. The
participants of the workshops are listed by their name in Appendix 2.
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Table 4.1: Workshop participants in Articles I and III.
Participants

Role in the organisation

Field of expertise

Invited

Attended

CEO /
Manager

Building
services

Article I

29

17

4

5

8

Article III

26

14

4

6

4

Workshop

R&D

Consultant/
Specialist

28

Construction

nZEB

1

10

6

9

2

3

5 Results
5.1 Risks involved in the transition to EU nZEB directives (I)
A workshop day with 17 green building experts was organised for the article:
“Identifying and managing risks involved in the transition to the EU nZEB degree”. The
workshop yielded 11 significant and relevant risks, and solutions with varying extent to
all of those 11 risks. The 11 risks or threads are:
1. The competence of designers
2. The competence of contractors and constructors
3. The schedule of the transition to the nZEB directives and unclear definition of
nZEB
4. Systematic quality problems of the buildings build in the early 2020s
5. Self-building a house unprofessionally becomes more difficult
6. Controlling the building physics and the entirety of the building
7. Securing the know-how of the maintenance crew of the building
8. The owner’s ability to define the needs and goals for the project
9. Tightness of schedules in construction projects and unfit project delivery
systems
10. Lack of integrated design and collaboration between parties in the design
phase
11. Complicated regulations and the lack of applying instructions
In the second brainstorming session, the groups generated solutions to all the above
threads. However, some of the solutions create challenges as a by-product, which
reflects the fact that many of the issues described do not have a simple solution
available. The solutions suggested by the participants are listed below and the
numbering of the solution list follows the numbering of the risk list above:
1. A competence licence requirement for designing nZEB buildings should be set.
Similar requirement already exists for LEED buildings. In addition, the
architectural studies should be modified to meet the requirements.
2. Construction companies have to educate their staff and company leaders have
to be committed to the agenda. To further motivate project managers and site
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managers a bonus-based salary can be given to them. The bonus system could
also be extended to a certain degree to workers. For example the crew
responsible for assembling the prefabricated units could receive a bonus if the
envelope frame structure passes the air-tightness testing on the first attempt.
3. The schedule of the transition is fast. However, it is set at EU level and will not
change. The main problem with the fast schedule is the lack of definitions.
Another problem is the lack of large-scale pilot projects. The only option to
solve the problem is adding greater effort to the quality assurance measures,
government information releasing, and training within the next decade.
4. The pace of the transition towards the nZEB directives is fast. As only two large
scale pilot nZEB buildings are finished in Finland at the moment, the quality
assurance policies have to be strict after the transition. Extensive
commissioning procedure, which starts already in the project planning phase
and last until the end of the 18-month follow-up season, is the answer to the
dilemma.
5. Public manuals about the nZEB features and building techniques have to be
created. The administration at the municipal level has to take strong role in
energy efficiency of the buildings. Furthermore, this generates another
challenge of taking the knowledge of municipality advisors to an acceptable
level.
6. The complex risk of controlling the building physics involves designers,
maintenance crew and builders. The key is to design and build an air-tight
envelope, appropriate ventilation, to maintain the building service appliances,
and to monitor humidity. Bonus-based salary can be effective for workers and
site-managers. When it comes to the designers, a proper training and
instructions in the transition period are the key issues. One solution offered to
the problem was a risk analysis that considers site conditions.
7. Commissioning was seen as an answer to the problem of lack of competence of
the maintenance crew. However, the maintenance crew or company might
change which creates a problem. A solid instruction guide may help, but the
loss of know-how in the case of staff turnover is still a problem
8. In setting the nZEB targets of the project and choosing building service
suppliers and a HVAC designer, a commissioning consultant can be at help. Also
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collaboration with experienced nZEB constructor is a valid way of refining the
nZEB targets.
9. Traditional delivery systems were seen as hazardous when it comes to avoiding
quality problems. CM At-Risk, IPD, PPP-Procurement and industrial
manufacturing were seen as the solutions to the issue with certain boundary
conditions.
10. Collaboration between parties and resource investments by the owner in the
early stages of the project improves the success-rate of projects (Matthews and
Howell, 2005). The participation of constructor, commissioning consultant,
building service suppliers, HVAC designer and main designer in the project
planning phase of nZEB project is recommended by the participants of the
workshop.
11. Solid guidelines for designing and constructing an nZEB building are needed on
national level for variety of building-types with functional concepts and pilot
projects as examples.

5.2 Energy price comparison (II)
The Life-Cycle Cost (LCC) energy price comparison in the range of the Hospital project
revealed some surprising results (Table 5.1). The market leader combination district
heating and grid electricity did not match some of the renewable means of energy
delivery. Biogas solution was by far the most affordable and wood chip heating
followed it in the second place. However, in the case of biogas uncertainty is the
greatest. There are two reasons for this: first, the price of the organic municipal waste
used as raw material for biogas is assumed to be zero, and second, the researchers
could only find the price of a biogas plant from the pricelist of one European company,
Zorg Biogas (Zorg Biogas, 2011). The uncertainties yielding from the lack of additional
references is tolerable since the price announced by Zorg Biogas for gas motors are in
line with the prices set by the market leader GE for gas motors in Europe (General
Electric Distributed Power, 2011). The assumption of the free raw material is based on
the fact that citizens are paying to get rid of their organic municipal waste at the
moment.
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Ground source heating and wood pellets, which are attractive for projects of all sizes,
were found also competitive when compared to district heating in Espoo area.
Although, it must be highlighted that the price and the methods for producing district
heating vary significantly between municipalities in Finland. Therefore, district heating
can also be regarded as a renewable energy and the most affordable solution in
certain regions of Finland.
From the cooling options, the most affordable one was a traditional compressor
cooling powered by electricity. However, if ground source heating pipes are installed
then it is worthwhile to use the full capacity of the ground source cooling as well. In
the comparison snow storage cooling, district cooling, and sun electricity were not
found financially vital.
The interest level of 2,75 % was used in the LCC calculations. It is based on the average
level recommended by the Finnish government for the years 1995-2010 (Finnish State
Treasury, 2011). The escalation of energy prices is difficult to predict. The percentage
1,5 %, used by the Technical Research Centre of Finland was selected (Holopainen et
al., 2007).
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Table 5.1: LCC calculation results for 12 energy management systems in Espoo Hospital
case. A ratio factor, that highlights the difference between the most affordable option
and others, is added to the table to make comparing the results easier (II).
Energy management system

Life-Cycle Cost proportioned to 20 years lifetime (k€)

Ratio

Biogas

7 989

1,00

Electricity - Woodchip

9 565

1,20

Electricity - Sun - Woodchip

10 102

1,26

Electricity - Snow - Woodchip

10 375

1,30

Electricity - Ground heating and cooling

10 398

1,30

Electricity - Wood pellet

10 447

1,30

Electricity - District heating

10 886

1,36

Electricity - Snow - Ground heating

11 365

1,42

Electricity - Sun - District heating

11 424

1,43

Electricity - District heating and cooling

11 444

1,43

Electricity - Sun - Ground heating

11 599

1,45

Electricity - Snow - District heating

11 697

1,46

A sensitivity analysis was conducted to the alternatives. Four different variations were
calculated (Table 5.2). To test the sensitivity of the prices, the attributes varied were:
interest, escalation, investment discount, plot value, and the most uncertain reference
data. In the first variation, the interest rate was lowered by 50% and the escalation
was lowered to zero. This variation favours grid electricity and district heating, which
have low investment cost and high energy consumption. The second variation,
investment discount, was based on the fact that many prices given by the companies
to random customers are higher than they are for strategic clients such as cities; more
affordable price can usually be negotiated when ordering high quantities. The result of
the second variation was the opposite of the first one. With the second variation, the
advantage went to investment-orientated renewable energy production methods.
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In the third variation the plot value was taken into consideration. The area that the onsite systems needed was valued at EUR 250 000 per hectare. The last variation:
uncertain reference data, took into consideration the possible mistakes made when
calculating value of work, operation and maintenance costs, and the lifetime of biogas
station was considered. The lifetime of biogas station was reduced from 30 to 20 years
and the value of work and operation and maintenance costs were raised by 30% in all
the other alternatives; however the price of the wood chip cover in the snow storage
cooling solution was not raised. The original calculation and the four alternatives were
summed up and divided by five to reveal which option has the lowest average cost.
The results are represented in Table 5.2, where the lowest and the highest price for
each variation are highlighted.
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Table 5.2: Sensitivity analysis made for 12 energy management systems in Espoo
Hospital case, including four variations, the average of all variations including the
original calculation, and the range of costs, are included in the table (II).
Energy management system

Interest
increased
50 % and
escalation
lowered to
zero (k€)

Investment
cost
decreased
30 % (k€)

Price of the
plot 250 000
€ per
hectare
included
(k€)

Uncertainty
increases of
30 % and 10
years off
biogas plants
lifetime (k€)

Average of all
variations
including the
original
calculation
(k€)

Range of costs
(k€)

Biogas

7 940

5 687

8 041

9 753

7 882

5 687 - 9 753

Electricity – Woodchip

7 117

9 238

9 643

9 574

9 027

7 117 - 9 643

Electricity - Sun – Woodchip

7 983

9 390

10 474

10 144

9 619

7 983 - 10 474

Electricity - Ground heating
and cooling

7 820

9 821

10 598

10 402

9 660

7 820 – 10 598

Electricity - Snow - Woodchip

7 927

9 712

10 747

10 913

9 825

7 927 - 10 913

Electricity - Wood pellet

7 729

10 120

10 499

10 464

9 852

7 729 - 10 499

Electricity - District heating

8 245

10 874

10 887

10 896

10 358

8 245 - 10 896

Electricity - Snow - Ground
heating

8 779

10 447

11 711

11 813

10 688

8 779 - 11 813

Electricity - District heating
and cooling

8 629

11 432

11 444

11 444

10 745

8 629 - 11 444

Electricity - Sun - Ground
heating

9 713

9 977

11 942

11 608

10 810

9 713 - 11 942

Electricity - Sun - District
heating

9 049

11 326

11 622

11 424

10 969

9 049 - 11 622

Electricity - Snow - District
heating

9 024

11 383

11 907

12 147

11 115

9 024 - 12 147

5.3 Procurement options for nZEB projects (III)
The results of Article III: “Ensuring the functionality of a nearly zero-energy building
with procurement methods” were generated in a workshop of 15 experts in nZEB and
building service. The experts were unanimous that the call for bids should be open and
leave room for possible innovations. Moreover, the vendors of building services should
also be invited to help in the designing of the technical solutions and all the
information related to the project should be shared with them. Presently only a few
people have extensive experience on low-energy buildings and therefore it is likely
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that the building service vendors such as air conditioning vendors have the best
knowledge about the newest products in a particular field. However, the owner should
only define the intended end result and have faith on the bidders to create solid
solutions. It is important to highlight that building service vendors or a commissioning
consultant should help the owner when the intended end result is specified to secure
the quality of the bids.
A goal of the study was to recognise the details that should be specified in the contract
and the call for bids, to satisfy the requirements for nZEB and good indoor
environment. The experts recommended the following eight remarks to be included in
the call for bids layout as well as the contract layout formed in the study. All of the
following remarks emerged from more than one group:
- The annual total amount of energy consumed has to be lower than 100 kWh/m2;
- The air-tightness of the building is allowed to be than 0.4 m3/h m2 at 50Pa at the
maximum;
- The annual rate of heat recovery of the air conditioning system has to be 70 % at the
minimum;
- At least 30 % of the electricity need and at least 80 % of the heating need of the
building has to be covered by on-site or near-by renewable energy sources;
- Passive energy solutions, i.e. shades, daylight, etc., shall be applied to increase the
energy efficiency of the building;
- The heat recovery from cooling processes shall be exploited to heat the supply of hot
water;
- Lightning shall be delivered by using LED technology and motion sensors;
- When the building is empty, building automation have to be used to reduce the
energy consumption of the heating system, ventilation, and lights;
These remarks may also be defined in the designing manual and only referred to in the
contract and the call for bids.
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While the eight remarks for the contract represent the most comprehensive results of
this paper, other issues also arose during the brainstorming session. One matter was
the most suitable project delivery system for nZEB projects with the conclusion that
the design and the construction work must be included in the same contract so that
the bidders may utilise their expertise to find project-specific innovative solutions. Two
suggested project delivery systems arose: CM At-Risk, which includes the construction
and management of the project, whilst the constructor is also involved as an adviser in
the design phase (Dorsey, 1997). Design-Build system combines three aspects of the
project, project management, design, and construction. Some other project delivery
systems that contain the same characteristics can also be applied. For example, PPPProcurement is available for large projects with even a more rigorous responsibilities
to the bidder and co-operation embracing IPD is always available for open-minded
organisations.
Quality assurance was the main topic during the debate. All of the experts said that it
is of crucial importance in nZEB construction. The way to tackle the quality assurance
problem with the call for bids is to make it mandatory for the bidder employ a
performance controller, who would be responsible for choosing the right building
service appliances, monitoring the installation process, the initial testing procedures,
and calibrating the systems for a two-year follow-up period after the installation. The
performance controller also studies the right maintenance and service methods for the
systems and passes the knowledge to the maintenance personnel. The actor in LEED
projects with the responsibilities is the commissioning consultant.
In addition, three minor specific nZEB notes were added to the contracting layouts.
The first one states that the air-tightness of the building envelope should already be
tested after the frame of the building is ready, before the installation of the insulation.
The result limit for the test is 0.4 m3/h m2 at 50Pa. This helps the builder to find major
leaks in the frame of the building, when the corrective actions are still relatively easy
to do. The second note emphasises the responsibilities of the site manager to inspect
the insulation work. The last remark states that the chaining of work using more than
two levels of subcontractors should be restricted to make it possible for the main
contractor to control the works at the site.
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5.4 Project delivery systems for nZEB projects (IV)
In nZEB projects, the two distinctive characteristics are state-of-the-art building
services and on-site renewable energy. Based on the literature review, the most
popular project delivery system, Design-Bid-Build, was ruled out from the comparison.
Since the Life-cycle oriented systems are mainly for large public projects, the focus
shifts addressing the differences between the fast-tracking delivery systems and
integrated delivery systems.
As the energy efficiency of a building is of crucial importance when constructing a
nearly zero-energy building, it is vital to involve a HVAC designer in the early stages of
the project. Using Design-Build system requires that the bidders partner with a HVAC
designer and suppliers before the bidding contest, which is not a standard procedure.
CM At-Risk and Early Contractor Involvement systems also work well with building
service technology with Target Price, if the constructor has an extensive knowledge
about nZEB construction, or if building service supplier or a commissioning consultant
is involved in the design process.
Target Price reimbursement, Pull scheduling, BIM, and involvement of the HVAC
designer and suppliers in the project early on are tools and procedures that make CM
At-Risk project delivery system IPD Lite, Hybrid IPD, or Non-Multi-Party IPD (Kenig,
2011). The tools are the same as in IPD but without a multi-party contract. The best
system from the technology and innovation point-of-view would come from the
category three called “Integrated delivery”. IPD system includes the fundamental
aspects of the Lean Project Delivery System and the philosophy of the Multi-Party
Contracting system. IPD has more potential for co-operation than Design-Build or CM
At-Risk. There are also other integrated delivery systems as shown in Table 5.3. The
differences, for example, between Project alliancing and IPD are so small that it can be
concluded that all the integrated delivery systems are highly compatible with nZEB
projects (Lahdenperä, 2012).
The distinctive reason that IPD or some of the other integrated system is the best
choice stems from the contractual framework to involve HVAC designers and providers
with a clear economical motivation into the project. Therefore in nZEB projects, where
building services plays a major role, IPD system is only better than CM At-Risk system if
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the HVAC designer and suppliers are actually welcomed to join the multi-party
contract and the nZEB characteristics, such as the actualised energy performance
during the 18-month follow-up period, are set as the bonus indicators on the contract.
The expertise can also be arranged by using a commissioning consultant. The
consultant should be a third-party supervisor, advisor, and testing professional
(Peterson, 2006; Visier, 2003).
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Table 5.3: Project delivery systems divided into four categories (IV).

Project Delivery
systems

Traditional
delivery
x Design-BidBuild
x Multiple Prime

Best suited
procurement
options

• Low Bid
• Best Value:
Total Cost

Best suited
reimbursement
options

• Cost of the
work
• Lump Sum

Project types

• Standard
deliveries

Risk allocation

Most of the risks
lie with the
contractor. The
designers are
liable for the
quality of the
designs and the
owner for the
flow of
information
• Easy to
manage
• Widespread
know-how

Pros

Cons

• Slow delivery
• Price
orientated
•Lack of
innovation

Fast-tracking

Integrated delivery

Life-cycle oriented

x Design-Build
x Construction
Management
(CM) at-Risk
x Early
Constructor
Involvement
(ECI)
x IPD Lite
x Non-MultiParty IPD
x Hybrid IPD
• Best Value:
Total Cost
• Best Value:
Fees

x Integrated
Project Delivery
(IPD)
x Multi-Party
Contracting
x Relational
Contracting
x Project Alliancing
x Lean Project
Delivery System

x Public-Private
Partnering (PPP)
Procurement
x Contract
Maintenance
x Build-Operate
x Build-OwnOperate-Transfer
x Design-Build
Finance/Operate
x Turnkey
Development
• QBP

• Lump Sum
• Guaranteed
Maximum Price
(GMP)
• Fast deliveries
• Rush deliveries

• Best Value: Fees
• Qualification
Based
Procurement
(QBP)
• Target Price

• Complex projects
•High-tech
deliveries

• Service Fee

• Major projects
• Roads, railways
• Schools and other
public buildings
The service
provider and the
owner each take
on the risks that
they can handle
more comfortably
than the other

The risks are
with the
owner, only a
guaranteed
maximum price
can shift the
risk of total
failure to the
contractor

Risk for reasonable
financial overruns
and savings are
spread to all
participants in the
multi-party
contract

• Fast Delivery

• Owners needs
are understood
• Innovation
orientated

• Enhanced quality
• Life-cycle
oriented

• Complex bidding
process and
contract
• The owner alone
assumes the risk
for significant
budget overrun
• Financial risk for
large overruns is
with the owner

• Slow, difficult,
and expensive
bidding process
• Lack of know-how
in the industry

• IPD
philosophies
can be
introduced
• Lack of owner
control in
Design-Build

Special
considerations
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A construction project can be described with a number of selected attributes, such as
the size or complexity of the project, and categorised by the values of those attributes
(Peltonen and Kiiras, 1998). Next the main attributes are reflected to nZEB technology
and projects. However, with nZEB buildings certain values of some attributes such as
tight schedule are not realistic and therefore the full range of choices is not presented
in this study. Instead, the unrealistic or obviously non-beneficial choices are rejected
and highlighted in the comparison (Table 5.4).
1) Project size
Project delivery systems with a life-cycle orientation, such as PPP-Procurement, have
high contracting transaction costs, and therefore small or even medium-sized projects
are not suitable for those project delivery systems (Dudkin and Välilä, 2005). Also, the
multi-party contract required for an IPD system might be too costly for small projects
such as the construction of single-family houses.
2) Tightness of the schedule
The tightness of the schedule promotes the fast-tracking systems. However, it is not
realistic to add haste to the equation when dealing with a new technology. The
schedule should be normal or loose when constructing an nZEB. Risk of encountering
problems during the project even without the added haste is real.
3) Complexity of the design
Special expertise is needed for designing a building envelope of an nZEB building. The
expertise can certainly be found from prestige designing companies, however, whit
Design-Bid-Build or Design-Build delivery system it is possible that the suitable
designers are not engaged in the project. When using Design-Build system companies
specialising into turn-key deliveries of nZEB would have the references to prove their
expertise in the future.
4) Complexity of the conditions
Complex building conditions increase the risk of schedule delays, budget overruns, and
accidents (Flyvbjerg, Bruzelius, and Rothengatter, 2003; Loughborough Univesity and
UMIST, 2003; Lindhard and Wandahl, 2014). The mistakes caused by complexity
41

happen due an uncertainty gap (Galbraith, 1977; Winch, 2002). One of the two
fundamental principles of an uncertainty gap is that even though the information
exists to overcome the complex conditions it is too costly or time-consuming to find
always the right solution. This means that if an nZEB project has complex conditions,
considerably more effort should be put into the management and organisational
aspect of the project.
The project delivery systems best suited to overcoming complex conditions in an nZEB
project are those incorporating knowledge from all the parties in the project. The more
parties are involved, the more knowledge and expertise are added to the process,
leading to a better success in avoiding mistakes. The best solutions are therefore CM
At-Risk, IPD, and Life-cycle oriented solutions.
5) Building services and solutions for on-site energy production
In nZEB projects appliances and systems for building services are state-of-the-art.
HVAC designers that have not updated their expertise in the 2010s may not be familiar
with recent advances in the building service technology. Additionally, even if the HVAC
designer is aware of the latest technological advances, the lack of knowledge may
relate to the integration of the systems, including the features related to automation.
Another expert for renewable energy technologies and co-operation is needed to
match the energy production with the HVAC design. Designing on-site renewable
energy solutions also requires collaborating between the energy management
designer and the main designer as the on-site renewable energy systems are located
inside the boundaries of the plot or on the roof of the building.
Especially while the technology is still new in the building services and energy
management point-of-view, the project delivery system to be used in nZEB projects
should include collaboration as a significant feature. Therefore, IPD and CM At-Risk
systems accompanied with Target Price reimbursement solution are favoured. Lifecycle oriented delivery systems are also highly collaborative, though the service
provider is responsible for the energy efficiency of the building.
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6) Owner participation and availability of resources
During the early stages of the project the owner’s participation is crucial for the quality
of the end result. However, after the initial definition of the needs of the owner, the
level of participation between owners varies depending on the expertise or activeness
of the owner. The framework for owner participation is created by the type of project
delivery system chosen. CM At-Risk and IPD systems emphasise the role of the owner
during the project and are best suited for an active or experienced owner.
The possibility to use consultant expertise is particularly important if the owner wishes
to be more inactive and chooses Design-Bid-Build, Design-Build, or PPP-Procurement
method, as in this case it is unlikely that the owner handles the specifications and set
the energy efficiency goals without any external help. Experts, such as the
commissioning consultant, the building service expert, or the energy efficiency
specialist, can and in most cases should also be used with any other project delivery
system.
7) Phase of the project
Early involvement of the constructor, designer, and HVAC designer is to be considered
as a preferable choice by the owner, since the owner most probably does not acquire
the nZEB competence for initiating the design process. Design-Bid-Build system is
therefore not a realistic project delivery system. The owner also has the option of
buying the expertise from a third-party consultant as a commissioning service.
However, commissioning theory also recommends that constructors are involved at an
early stage of the project (Pietiläinen et al., 2007).
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Table 5.4: Variations in the attributes of the project (IV).
Attribute

Variation

Project delivery system

1. Size

Small

IPD and PPP-Procurement not possible

Medium

PPP-Procurement not suitable

Large

Any

Normal

Any

Tight

Not realistic for an nZEB project

Basic

Any

Complex

CM At-Risk, IPD, or PPP-Procurement

2. Schedule

3. Complexity of the design

4. Complexity of the project Basic

5. Building service solutions

6. Owners role and
resource availability

7. Phase of the project

Any

Complex

CM At-Risk, IPD, or PPP-Procurement.

Basic

Not realistic for an nZEB project

Modern

Any

State-of-the-art

CM At-Risk or IPD

Passive owner and no
consultants available

Not realistic for nZEB construction

Passive owner and
consultants available

Design-Build or PPP-Procurement with
commissioning procedures.

Expert or active owner

CM At-Risk, IPD, PPP-Procurement.

Envisioning

IPD, CM At-Risk

Initial design

Possible if commissioning is used. DesignBuild, PPP-Procurement.

Completed design

Not realistic for an nZEB project

The reasoning made in the study to prefer modern project delivery systems in nZEB
projects was seen valid by both of the interviewees in the study – Jani Saarinen and
Henri Jyrkkäranta. On top of this validation, several experience-based opinions about
IPD system in Finland emerged during the interviews and if not pointed out separately,
the issue emerged in both interviews:
-

In an IPD project success depends on personal dynamics between members of
the project team. The team members have to acquire a solution-seeking and
collaborative attitude towards the project and each other.
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-

Project team members have to understand the philosophy and concept of IPD
to avoid its pitfalls. If a mutual trust and respect is lost it will not return in the
time frame of the construction project. Without those values the efficiency of
the management of the project will suffer.

-

Third-party contracting facilitator makes the negotiations professional and fair
for the bidders comments Saarinen. This facilitator can also act as an IPD
consultant educating an unexperienced owner and bidders on the nuances of
the delivery system.

-

Reverse bidding concept accompanied with Competitive Dialogue or
Competitive Negotiated Procedure was seen as the only sensible way of
procurement in IPD projects in Saarinen’s opinion.

-

One of the obstacles with public owners has been the uncertainty of the costs
of the project caused by using Target Price reimbursement solution. There is no
guaranteed maximum price.

-

Target Price reimbursement is normally accompanied with incentives to the
project parties in form of bonuses based on key performance indicators. For
nZEB projects this means that the projected quality problems caused by the
unfamiliar technology can be avoided by setting the nZEB characteristics as the
bonus indicators and hence attracting only the experts of the technology for
the bidding competition.

5.5 Commissioning nZEB projects (V)
The article “Commissioning for nearly zero-energy building projects” focused in
developing a usable commissioning process for nZEB projects. As a starting point was
used a commissioning process presented in Annex 47 of International Energy Agency
that was further refined for the Finnish industry by the ToVa research project in 2007
(International Energy Agency, 2010c; Pietiläinen et al., 2007). The process was
developed using inductive reasoning combined with literature survey and interviews as
research methods.
Literature offered evidence for the compatibility of commissioning and nZEB projects.
There are numerous reasons to support this compatibility, but the number one
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evidence is that the benefits of commissioning increase with level of challenges
attached to the project (Pietiläinen et al., 2007). A new type of building, which is
unfamiliar to the most professionals in the industry, can be a challenging project. The
challenge aspect is with the technology. State-of-the-art building service features pose
a quality challenge even to otherwise simple projects and the way to manage this
uncertainty is commissioning (D’Antonio, 2010).
Commissioning consultant can become a valuable asset to the owner in the planning
phase of the project if the intent is to reach high level of innovation. Modern building
automation systems, dimming, green roof, passive solar, direct digital control systems
(DDC), LED lighting and air sealing solutions can be integrated to the facility with the
help of a competent commissioning consultant (International Energy Agency, 2010b;
D’Antonio, 2007; Edminster, 2009). Commissioning consultant may not have deep
expertise on all of the possible systems, but can objectively communicate the ideas of
the system providers to the owner.
The interviewees, Ryan Zizzo and Ari Jalkanen, were unanimous highlighting the
importance of the 18-month follow-up season in nZEB project. The training of the
maintenance crew was seen crucial part of the process. Furthermore, it was inculcated
that haste is the reason for many problems in innovative projects. Setting a shorter
than normal time frame for the first nZEB projects after the transition, might therefore
be unwise. One separate issue that emerged in the interview with Jalkanen was the
personnel changes in the maintenance crew. A solution suggested by Jalkanen was the
implementation of Internet based distant monitoring of the performance levels of a
building. If there are changes to the normal energy use patterns detected in some
parts of the facility, a building service expert will start investigating the cause. With the
modern Internet-connected automation systems, also controlling the facilities indoor
environment from distance is possible (Husi, Dudás, and Tóth, 2010).
The main results of the article are the 16 additions made to the commissioning
procedure when incorporating it to an nZEB building. The additions are divided under
topics of renewable energy and building systems and are represented in Table 5.5.
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Table 5.5: Additions to the commissioning process (V).
Renewable energy related additions
1.

Helping the owner to set the goals for the annual energy consumption and
CO2 levels of the building.

2.

Helping the owner to choose the most competent renewable energy
designer and vendor.

3.

Helping the owner to choose a renewable energy specialist consultant if
needed.

4.

Reviewing the main design for the placement of on-site renewables.

5.

Assuring that the renewable energy and building service solutions work
together seamlessly.

6.

Assuring that renewable energy solutions are installed and calibrated
appropriately.

7.

Doing a seasonal, 18-month follow-up calibration of the appliances, if
needed.

8.

Training the maintenance crew to use and maintain the equipment.

Building service systems related additions
1.

Helping the owner to choose the most competent HVAC designer and vendor
and promoting co-operation between them and the main designer.

2.

Assuring that the commissioning process is stated in the building service
contracts.

3.

Reviewing the HVAC designs on the functionality of the integration between
automation, DDC, HVAC appliances, and renewable energy.

4.

Reviewing the main design in terms of the accessibility of the building service
appliances.

5.

Assuring that the building service systems are properly installed.

6.

Calibrating the building service systems initially and seasonally on an 18month follow-up period.

7.

Preparing the maintenance manual for the maintenance crew and
information package for the end user.

8.

Training the maintenance crew on how to use the DDC system and maintain
the appliances.
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6 Discussion
6.1 Self-criticism of the research
The competence of interviewees and workshop participants is at high standard. There
are few available options when it comes to IPD, commissioning, or nZEB experts in the
Finnish construction industry, but researchers were able to engage solid choices in the
study and all the participants can be called experts in their respective fields of industry.
Self-criticism could however be manifested on three specific issues in the study. Two of
the concerns can be raised from the number of interviewees in Articles IV and V. Only
two experts were interviewed in these articles. Two interviewees were seen as
sufficient for three reasons. First, the interviews had a status of secondary source of
information in the articles, as the role of them was securing the inductive reasoning
made earlier. Second, the subjects of the articles are still fairly academic in Finland and
not many experts with project experience exist. Third, the number one candidate on
the subject in in Finland in both articles was acquired for an interview and additional
interviewees were not seen as significantly beneficial, as the top interviewees
discussed with an overwhelming insight on the subject.
Another issue of self-criticism is the reliability of the price data gathered for Article II.
Prices are impacted by many factors, such as taxes and legislation, economic situation
in the global and local markets, size of investment, and the status of the buyer. The
reliability of the data in a single point of time and location is however high when using
the price of the market leader. An experienced sales manager representing the market
leader organisation in Finland was typically contacted in the study, if no statistical price
data was available.
The selection to draw the border of calculations between the facility and the energy
production system and not to apply the energy distribution installation of the facility to
the energy price comparison in Article II, was made to keep the comparison as simple
as possible. Some energy production methods require low temperature heat
distribution, but it is easy to find those low temperature instalments also attached to
electricity. Facility heat distribution systems therefore have other assets than only the
compatibility with certain energy production method and those assets would have to
be valued to add this component to the comparison. Biogas technology in a large scale
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is still novel in Finland and the price data could only be acquired from a price list of a
single manufacturer. However, the received data was considered reliable because the
price that the company has set for their gas motors is in line with the price set by the
market leader GE for gas motors in Europe.

6.2 Generalisation of the results
Climate is a major issue in nZEB design, which means that the results of the study only
apply directly in the northern climate zone. However, most of the results are impacted
by the climate marginally or not at all and therefore results apply elsewhere as well.
The main findings that should be treated with caution in different climate conditions
are the results of the price comparison of energy sources. For example solar panels are
more affordable in warmer climates due to the increased efficiency. However, the
design and production of an nZEB building can be equally challenging in warmer
climates due to increased need of cooling energy which implies, that the main results
concerning commissioning, contracting, and project delivery can be generalised to
another climate zone.
The results of the price comparison cannot be accurately generalised for number of
other reasons than climate. Prices of individual forms of energy fluctuate between
countries and are also time dependent. The size of the project has an impact on the
prices as well. The price data should therefore be used only as a starting point for any
real-life, area and time specific calculation. Additionally, as limited in the scope of the
study, the results of the study can be generalised only to medium and large size
projects. The contracting, reimbursement, and project management practices
suggested by this study are too robust for single-family house nZEB buildings.

6.3 Discussion on the main findings
A number of risks lie in the transition to nZEB buildings at 2020. The transition in the
society is slow, because only new buildings fall under the directives (EPBD and RES).
This might increase the number of renovation projects at the beginning of the 2020s.
Even though using nZEB technologies can reduce the life-cycle costs of a building
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depending on the developments of the energy prices, there is motivation to develop
existing properties instead of building new ones for owners seeking smaller initial
investment or feeling uncertain about the new technology. There might also be a lack
of trust on designer’s or contractor’s abilities immediately after the transition because
of the lack of references. That scepticism from the owner side is justified and those
companies piloting several reference projects before the year 2020 will have a
competitive edge.
The challenges and risks in nZEB projects are more or less technology based. The
features that have to be handled with expertise in every stage of the project are
insulation, air-tightness, building service systems, and energy service systems. Success
in the insulation and air-tightness can be achieved with a proper designing and testing.
In the designer side there is a need for education concerning air-tight structures and
energy-efficient design. HVAC designers have however even greater amount of new
things to learn about the state-of-the-art technology. To make it possible for the
owners to rely on designers, an official national competence testing and requirement
for designers acting as a main designer or HVAC designer in an nZEB project should be
launched. When considering renewable energy, the best expert usually is the system
provider. In addition, architects and HVAC designers have to collaborate with the
energy service designers and providers more closely in the future, as for example solar
panels require certain amount of roof space and the architect has to consider that
when designing the building.
Municipalities and cities are in the frontline of the transition. The directives come into
effect in public projects two years prior to private ones with the idea of showing an
example to the private sector and to create valuable learning experiences for the
construction industry. There are two major regulations that are recommended by this
study to be done by the state. The first one is the already mentioned competence
requirement for designers and the second is the requirement of using commissioning
in all medium and large size nZEB projects.
At the moment, commissioning in Finland focuses on appliance testing and calibrating.
It is done by major designing companies and not usually by a third party consultant.
The commissioning culture in Finland should therefore be not only promoted, but also
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changed towards modern commissioning to serve the owner from the early stages of
the project. Unfortunately, this change is unlikely to happen without state guidance, as
the owner has the responsibility to seek help early in the project, for two reasons. In
the owner side, there can be high confidence and professional pride which might
hinder the efforts of seeking help from an external consultant. Another reason is that
the staff of the owner organisation might not have knowledge about commissioning in
the first place and thus have no experiences on nZEB projects. Now if the designer
suggests a commissioning consultant to be used in the project, there is a great risk that
the commissioning duty falls into the very same designing company, which means not
only late, but also non-third-party commissioning. Using third-party commissioning
consultant has the advantage of objectivity. Furthermore, a commissioning consultant
will bring a valuable outside asset to the project team as an energy efficiency expert.
Especially if collaboration orientated project delivery systems are used, one extra
opinion to the decision making might result in valuable insights and innovations in the
project. According to the results of the study, setting third-party commissioning as a
mandatory process by the state for all medium and large size nZEB projects would
benefit the society in the future.
Wide scale quality problems are being experienced in Finland at the moment in the
precast concrete apartment houses built in the 1970s. Saving small amount in project
costs of the first wave of nZEB buildings at 2020s, and not applying commissioning
widely to all projects, could have the same end result. Attaching a third-party
consultant to all new projects after 2020 might however be challenging in practice.
There are few commissioning experts in Finland at the moment and the supply will not
follow the demand if the regulation by the state to use commissioning would actualise.
When setting the regulation, the state should also organise training courses and a
competence test for commissioning nZEB buildings. The competence status would
benefit the qualified consultants to acquire assignments, whereas the owner side
would be reassured of the abilities of the hired professional because of the status.
Commissioning done by a qualified consultant is a great safety net for municipalities
and companies struggling with the new nZEB norms. When it comes to building high
quality nZEB buildings the responsibility lies with the owner. Right decisions in the
beginning of the project will carry far. Furthermore, properly done commissioning
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means that the consultant is attached to the project early in the project planning
phase. Another major decision in the project planning phase is the selection of project
delivery system. The experience of commissioning consultant may be useful in this
decision making process as well.
Modern collaboration based project delivery systems were found suitable and useful
for nZEB projects in this study. IPD system is based in collaboration and mutual trust
between the parties of the project, which means that the dynamics or chemistry
between the key personnel of all parties has to be functional. Person chemistry
relatedness is the most apparent shortcoming of the system, even though it might
grow into its strength during the project. However, there are ways to manage the
issue. Team working skills and personnel dynamics between the key members of the
owner, constructor, and designer can be tested to some extent. Past experiences and
interviews in the selection of staff members can reveal risk factors. Additional option
to secure the owner satisfactory in the matter could be offering selection of staff
members that the owner could interview followed by selecting the most suitable ones
for the project. This would resemble a standard recruiting process.
At this point, after selecting the suitable staff for the project in the case of each bidder,
points are given to the offers in the areas of preliminary design, price, and staff
members. The best team concerning staff competencies might not be selected
because more weight is given to the innovative design. Or vice versa, the best design
might lose the bidding contest because the staff members assigned to the project by
the bidder are incompatible with the personnel of the owner. IPD and other alliance
based project delivery systems are still in piloting phase in Finland and the bidding
process has several issues that are evolving. Selecting members to the project team
from the bidding organisations separately after the best designs have been selected is
an approach that has not been tested. Issues that might prove this approach
unpractical are resource planning and psychological issues inside the bidding
organisation, but the approach deserves further practical investigation.
Another disadvantage of IPD system at the moment is that the system is not wellknown in Finland and the bidding arrangements are not as straight-forward as in
simpler project delivery systems. Therefore, as a practical note, the requirement when
53

using IPD system is that the parties are familiar with it and understand its legal aspects
as well as the fundamental philosophy of collaboration behind it. In addition, for the
philosophy based on open books and share of information to actualise the core tool to
accompany IPD and CM At-Risk as well is BIM. This means that all of those architects
and project managers not familiar with BIM need additional training.
This study reveals that use of a third-party bidding process facilitator and IPD
consultant has proved to work in Finnish IPD projects and the method is applied to all
the alliance based projects in Finland at the moment. The quality of negotiations is
improved and more innovations can be reached. Another aspect improving the quality
of the dialogue between the parties in the bidding phase is the use of reverse bidding,
which means that the price of the project is fixed and the bidders just offer the design.
According to the interviewee, reverse bidding is a functional choice with IPD. It makes
sense because adding the money aspect to the comparison between the candidates
would make the comparison very complex, which would lead overlooking designing
innovations and especially personnel chemistry.
Besides promoting innovations, which suites nZEB projects well, IPD system with
Target Price allows for IPD characteristics to be set as bonus indicators. The bonuses or
penalties could be set substantial in the case of the designer in comparison to the
designing contract value. Traditionally designers are not accustomed to risk, but
competent designers could increase their fee with the bonuses significantly and the
arrangement could attract to the project confident designers specialised in nZEB. This
way the bonus system would yield in fever quality problems due to poor design. In the
construction phase the workability of the bonuses is more straightforward; extra
attention is given to the nZEB features because the project profit is mostly dependable
on success in those.
There are several aspects in IPD system that gives nZEB projects a quality assurance
boost. IPD might not be the answer to every single nZEB project but it could be
beneficial to many of them. A new system acquires time to be established and success
in piloting projects would proof helpful, but even more effective would be the
guidance of state towards the municipalities. The state could send lobbyers to the
municipalities promoting IPD and commissioning.
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6.4 Additional ideas and related discussion
On top of IPD, other modern project delivery systems are compatible to certain
situations. PPP-Procurement has proven to work in infrastructure and municipal facility
projects. It may have the potential to solve the mould school problem in Finland during
the next decades. The reason for the indoor climate problems in public properties in
Finland is not in the lack of expertise within the public organisations, but in the lack of
funds and lack of expertise among decision makers. With a slight simplification, in the
traditionally built and maintained school, maintenance is handled with care only if the
municipal decision makers allow it and release the funds needed. In recent years, some
municipalities have addressed the problem and chosen a safer path by constructing
their premises with PPP-Procurement method which gives a guarantee of a problem
free building for up to 30 years. When the profit of major construction companies
depends on functional school buildings, there is a high probability that designing and
maintenance are handled with utmost expertise. By selecting PPP-Procurement
delivery system, the municipal decision makers try to protect the school buildings from
their own and their successors’ potentially hazardous decision making, by outsourcing
it in maintenance issues to the experts.
PPP-Procurement was also found compatible to energy management of municipal
buildings. Due to extensive forest industry, wood chip heating provides heating to
buildings in rural areas of Finland economically. Ideally, the heating can be organised
through a local farmer or forester. In the warm season, when heating need is low, the
farm work can receive more attention and vice versa in the cold season. Adding PPPProcurement in to the arrangement means that the service provider makes the
investment on the heating unit, handles the heating work, provides the wood chips
from the local channels and does the maintenance work with a service fee.
As far as heating is considered, ground source heating is also a functional option in
Finland. However, in a fully renewable system a solar panel must be installed to cover
the electricity demand of the heat pump. A solar panel could collect the amount of
electricity needed, but during a wrong season. To solve the dilemma buildings must
have a possibility to feed electricity into the grid in the warm season and take the
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same amount back in the cold season. Of course, in the far future when more than 50
% of the buildings produce electricity, the electricity demand will not be large enough
in the summertime and a long term storage arrangement for electricity must be
invented. Photovoltaic panels have been available for a long time and the technology
has proven itself. In the past years the price of the system has been reducing
significantly. This creates a positive cycle in which more people buy the product and
economics of scale drop the unit costs of manufacturing.
PV panels are a status symbol as well. Municipalities can use renewable energy in
marketing. Many municipalities are losing young citizens because of the urbanisation
trend in Finland; renewable energy systems in public buildings promote the image of
the city. The state can also set an example to the citizens by using a sustainable energy
management. Setting the nZEB regulations visible by concrete examples and pilot
projects is an important factor for a fluent transition period. Municipalities and the
state are equally responsible for offering the resources to the task.
Another renewable energy management system that would attract the attention of
media is a snow storage cooling system. Even without the marketing value, snow
storage cooling can be economically attractive for large cities that are paying for snow
melting. In snow handling, the total expense of the effort is greatly determined by the
distance between the storage or the melting place and the harvesting location. Large
cities in cold climates could therefore benefit from designing snow storages in strategic
places. This could be done by adding them into public facilities, that are already
located in optimal places around the city centre, or even letting the snow carrying
distance factor influence the location of new public facilities with a significant need for
cooling.
At the moment, the largest obstacle to implement the renewable energy sources is the
attitudes among decision makers. A newsworthy detail in the Finnish tax law was the
fact that a company that uses solar electricity has to pay taxes for the amount of
electricity they produce even for their own use (Finnish Broadcasting Company, 2014).
Politicians have great impact on the environment and all the actions have to be in line
with the strategic commitments made for the sustainable future. Municipal decision
makers are also in an important role when it comes to setting an example to the
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citizens. The largest challenge with the decision makers, that have multiple agendas on
their table, is passing the knowledge to them. Lobbying in municipalities for renewable
energy, nZEB, commissioning, and modern project delivery systems is as important as
modifying the legislation to a more eco-friendly direction.

6.5 Suggestions for future research
In the study, most of the results have emerged through reasoning supported by
literature and opinions of Finnish experts. The results could have been further
sharpened by adding other nationalities to the pool of experts. Hence, widening the
range of the study to cover experiences from other countries is one possible future
research topic. However, the results also remain tested only to a small extent in reallife projects anywhere and more beneficial approach in the future research might be
pilot projects. Any significant usage of IPD, commissioning, or nZEB technologies in
real-life projects should attract the attention of researchers in the following years, as a
great deal of experience and valuable knowledge can be gained from those. Especially
the functionality of the relationship between nZEB technology and modern project
delivery systems should be further investigated. Since nZEB projects are only alike in
the sense of energy efficiency and management, also the types of nZEB projects that
have the highest compatibility with for example IPD, CM At-Risk, and Design-Build
should be discovered. Finnish government and Confederation of Finnish Construction
Industries should designate significant amount of resources into this quest of learning
from the mistakes and successes of the nZEB pilot projects prior to 2020.
Several research opportunities are still available in the renewable energy
management. Possibilities to produce biogas fuelled energy in the large cities by using
bio-waste should be investigated. The full capacity of municipal bio-waste should be
taken into productive use. Large northern cities should additionally explore the
opportunities offered by snow storage cooling. The cities could make large savings on
snow handling and melting if the storages would be strategically located around the
city centre and the full capacity of the snow could be harvested into producing cooling
energy to buildings.
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7 Conclusions
In this dissertation the risks and challenges involved in the transition phase to the EU
nZEB directives (EPBD and RES) were detected and solutions to solve the related
challenges were suggested. The main conclusions and contributions of the study are:
1. Eleven risks in the transition to the nZEB directives were found and solutions to
contain the risks were suggested. The main concern was the level of nZEB
competence in the industry in general. The minimal use of integrated design
and modern project delivery systems was also seen problematic. The solutions
suggested included several training procedures including official competence
requirement for the designers. Collaboration enhancing project delivery
systems and commissioning were recognised preventive measures available
especially for early nZEB projects.
2. The traditional energy management combination in Finland, grid electricity and
district heating, did not finish in the first place in the energy price comparison
in the scale of Espoo hospital. Biogas CHP solution was found to be the most
affordable alternative and wood chip heating took the second place. Ground
source heating was also affordable, but solar electricity could not compete with
grid electricity in the context of the case. Snow storage cooling was expensive
as well, but with such a special type of investment the cities should consider
the total cost of snow handling.
3. Commissioning was found highly beneficial with nZEB projects. Building service
and energy management systems of nZEB buildings can be designed, procured,
installed, and calibrated with decreased risk with a help of a commissioning
consultant. An updated version of the textbook of the commissioning
procedure tailored to nZEB projects was developed. The main additions
suggested by the study included: aiding the owner to cope with the nZEB
technology in the project planning phase, training the maintenance crew for
maintaining the building service systems and renewable energy appliances, and
calibrating the appliances in an 18-month follow-up period.
4. Project delivery systems based on collaboration were found highly compatible
with nZEB projects. IPD and other alliance-based delivery systems are new, but
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thus already have a good track record. Competitive Dialogue and Competitive
Negotiated Procedure were seen as functional procurement options to
accompany IPD or CM At-Risk delivery systems. Reverse bidding, in which the
owner has set the price of the project in advance, was seen as the most
functional way to use IPD. However, IPD is still an unfamiliar project delivery
system that demands the right crew into the project to be functional. CM AtRisk was found functional for nZEB projects as well, especially if accompanied
with some of the IPD tools, Target Price reimbursement solution, and a modern
procurement option.
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Appendix 1
Interviewees
Ari Jalkanen, Technician
Jalkanen has worked with traditional commissioning in Pöyry CM Oy as a building
service expert since 2007. He has previously worked eight years as a project manager
for building service projects with ISS Proko Oy.
Henri Jyrkkäranta, Bachelor of Engineering
Jyrkkäranta worked as a project manager in the first Finnish IPD project with
Rakennuttajatoimisto HTJ Oy. He has since the project been working as a project
manager for Helsinki University which was the owner party in the same project.
Jani Saarinen, Master of Science (tech.)
Saarinen has been working in all Finnish IPD projects that were launched prior to the
interview as an IPD consultant. He is a partner at Vison Alliance Partners Oy that offers
consulting services and negotiation facilitating. He has worked with World Road
Association, European Property Federation, Conference of European Directors of
Roads and is a board member of Finnish Association of Civil Engineers and Finnish
Association of Consulting Firms.
Ryan Zizzo, Master of Applied Science
Zizzo is an entrepreneur with his company ZED Consulting Oy that offers LEED and
BREAM certification. Zizzo has worked in Finland with Granlund Oy as a LEED
consultant and is currently working in Bionova Oy as a sales representative and
Metropolia University of Applied Sciences as a lecturer. He has worked five years with
LEED projects in Canada with Halsall Associates – Green Building and done LEED
project reviews on behalf of the Canada Green Building Council.
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Appendix 2
Workshop participants for Article I – 24.9.2013
Company
VTT
VTT
Skanska
RIL
Saint-Gobain
Helsinki city
Tekes
SRV
Helsinki
Ramboll
Green Net Finland
Senaatti
Helsinki

Name
Mia Ala-Juusela
Riikka Holopainen
Kaisa Kekki
Gunnar Åström
Jussi Jokinen
Jukka Forsman
Virpi Mikkonen
Jyrki Suhonen
Sari Hilden
Isa Melander
Arto Haakana
Pasi Hyyppä
Ulla Soitinaho

Pöyry
Pöyry
Green Building Partners
Finnish Green Building
Council

Ritva Rissanen
Markku Ahonen
Noora Herronen
Sami Lankiniemi

Title
Researcher
Senior researcher
Sustainability manager
Technical director
R&D manager
Office director
Programme director
Project manager
Division director
Project engineer
R&D manager
Building services expert
Energy management
director
Department manager
Senior consultant
Sustainability expert
Project manager

Area of expertise
Renewable energy
nZEB
Sustainability
Construction
Building materials
Construction
Sustainability
Building services
Facility management
LEED
Sustainability
Electricity
Energy efficiency
Facility management
Facility management
Sustainability
Energy efficiency

Workshop participants for Article III – 25.1.2012
Company
VTT
VTT
Helvar
Skanska
SPU
Paroc
Paroc
Fläkt-Woods
Fläkt-Woods
Vallox
Enervent
Fatman
Mestariasunnot
Recair

Name
Jyri Nieminen
Riikka Holopainen
Jukka Riikkula
Pellervo Matilainen
Antti Viitanen
Jorma Vuoritsalo
Kim Bärlund
Hannu Rissanen
Pekka Mäkinen
Petri Koivunen
Tom Palmgren
Ksenia Ruuska
Veikko Simunaniemi
Aleksi Kähärä

Title
Senior researcher
Senior researcher
Sales representative
Designing manager
Product manager
Sales manager
R&D manager
Sales manager
Product manager
Designing manager
Technology manager
Designer
CEO
R&D manager
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Area of expertise
nZEB
nZEB
Lighting
Construction
Building materials
Passive houses
Building materials
Air-conditioning
Air-conditioning
Air-conditioning
Energy efficiency
Building services
nZEB
Air-conditioning

Appendix 3
Interview questions – Ari Jalkanen
1. What is your job description?
2. What is commissioning like in Finnish LEED projects? Is it done in any other type of
projects (excluding retro-commissioning)?
3. How would you compare LEED buildings and nZEB buildings?
4. Does the ToVa process seem realistic? Is it missing some important element or is
there some aspects in it that are not used in real-life projects?
5. What new one has to consider in the commissioning of nZEB projects?
6. In your opinion, is there justification to use IPD in nZEB projects? If so, should it be
used in all nZEB projects or only in the most demanding ones?
7. Are the suggested nZEB additions to the ToVa process valid? (Show the list to the
interviewee)
8. Do you have any suggestions to add to the list of duties of the nZEB commissioning
consultant (on top of the ones suggested be the researcher)?
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Appendix 4
Interview questions – Henri Jyrkkäranta
1. Which IPD projects have you been involved with and what has been your role in
those?
2. In your opinion, what are the weaknesses and strengths of IPD project delivery
system?
Would you tell about project Vuolukiventie:
3. Were there any problems using the unorthodox delivery method?
4. Were there anything surprising that emerged during the project?
5. Which kind of economical and quality results the project had? Did you meet the
energy efficiency goals?
6. Did you use commissioning quality assurance?
7. How do you think IPD and nZEB projects fit together?
8. How would you answer to the critic, that IPD does not function in real-life because
the opposite parties in construction business are unable to trust each other?
9. Does IPD fit only to certain type of projects or can it be used wider to all types of
projects?
10. What else would you like to say about the subject?
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Appendix 5
Interview questions – Jani Saarinen
1. Which IPD projects have you been involved with and what has been your role in
those?
2. In your opinion, what are the weaknesses and strengths of IPD project delivery
system?
Would you tell about project Vuolukiventie:
3. Were there any problems using the unorthodox delivery method?
4. Did everybody involved understand the importance of co-operation?
5. How do you think IPD and nZEB projects fit together?
6. How would you answer to the critic, that IPD does not function in real-life because
the opposite parties in construction business are unable to trust each other?
7. Does IPD fit only to certain type of projects or can it be used wider to all types of
projects?
8. What are the benefits of using IPD consultant as negotiation facilitator?
9. How does using negotiation facilitator fit together with other project delivery
systems?
10. What is the typical price of using IPD consultant as negotiation facilitator?
11. What else would you like to say about the subject?
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Appendix 6
Interview questions – Ryan Zizzo
1. Would you tell me about your current work in Finland?
2. Would you tell me about your work with Halsall?
3. What are the main differences between LEED projects in Finland and Canada?
4. How would you compare the new nZEB buildings and LEED (platinum or gold)
projects? Similarities and differences?
5. What kind of a role does commissioning play in LEED projects? What are the main
differences between Finland and Canada?
6. How has commissioning been performed in Finnish LEED buildings? Is it mandatory
in all LEED projects in Finland?
7. How close is the ToVa process theory to reality?
8. Which additional challenges will nZEB feature bring to commissioning?
9. How do you see using IPD in nZEB building projects? Should it be applied to all nZEB
projects or just in selected projects?
10. Are the suggested nZEB additions to the ToVa process valid? (Show the list to the
interviewee)
11. Do you have any suggestions to add to the list of duties of the nZEB commissioning
consultant (on top of the ones suggested be the researcher)?
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