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4 Housing case studies 

This chapter of seven housing case studies draws from two Danish, three 
Swedish, and one Icelandic and Estonian case studies. First, two Danish 
cases explain the deficiencies in housing projects and introduce search en-
gines used in private housing in Denmark. Then, the Swedish cases con-
sider developing new products, management of tenants, and managing joint 
ambition. Third, the Icelandic case discusses on housing preferences of in-
habitants in the capital area. Finally, we close with a refurbishment project of 
apartment building in Estonia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15. Housing case studies in CREDIT project. 

4.1 Defects in housing (Danish Building Defects Fund, 
Denmark) 

The Fund is an independent organization that inspects new housing quality. 
Each new housing project with public financial support registers at the Fund 
and pays 1% of the building and site costs to the Fund. Defects Fund makes 
inspections to buildings one and five years after handing over. The results 
concerning the indicators are published and thereby used in coming new 
housing projects. 

The actual building, building parts and processes 

The project consists of 25 dwellings and was designed and constructed in 
2003-2004 with handing over in April 2004. The client was a non profit hous-
ing organization Boligselskabet. The inspections are in general executed by 
a number of private companies, who are chosen after a prequalification. 
They have to take part in different meetings arranged by the Fund in order to 
disseminate experiences from inspections. 

The applied assessments and tools in the processes 

The independent companies are chosen by the Fund. They look after defi-
ciencies and building damages which are registered in accordance with a 
classification of the different parts of a building and the seriousness. The 
starting point are the documents for the execution and quality assurance 
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work. Then, buildings are visually inspected and if necessary some parts of 
the building are inspected in more detail. Only a certain number of apart-
ments and building parts will be inspected. 

Cost and performance indicators applied in the processes 

The inspections are executed in accordance with a general classification of 
the different parts of a building. When a deficiency or a building damage is 
observed it is therefore also marked at the concrete part. The Fund has fur-
thermore established a classification for the seriousness of a deficiency or a 
building damage.   
 The general classification covers - except from for example indoor equip-
ment - construction parts from the whole building, which are essential for life-
time of the building - especially the climate protection - and comprises  

 the foundation and the cellar,  
 the structural elements (bearing and stabilizing parts of the building),  
 the outer walls,  
 the roof,  
 the bathroom,  
 drainage and sanitary facilities,  
 concrete in complicated environment (as concrete in outer balco-

nies) and other building parts (for example outer staircases). 
 
The mentioned parts of the building are each divided in minor parts – from 
three to nine. So the total number of indicators sums up to about 50.  A defi-
ciency means that the building materials, structures or building elements are 
in absence of properties, which should have been present. A building dam-
age means a deficiency, which leads to breakage, leakage, deformations, 
impairment or deterioration in the building. Both deficiencies and damages 
must be caused by the design or the execution of the house in order to be 
recognized by the fund as covered by the fund. 
 The inspection firm will use this division of the building in the inspection 
and make notes in accordance with the indicators. And later the notes will be 
channelled into the data bank. All communication between the Fund and the 
inspection firms are digitalized, as well as the internal procedures in the 
Fund including data transmission to the public accessible homepage, 
www.byggeskadefonden.dk      
 The indicators are the starting point to show whether there are or will be 
problems with indicators at higher levels in CREDIT classification as indoor 
environment (as safety and indoor climate) and product performance (as 
constructions and installations). 

Relation to different enterprises and national benchmarking 

The indicators are used, when an independent company executes an in-
spection after hand over. In this way they are not used in the planning or 
construction of the actual project. But they are used in eventually repair work 
and in the operation of the building. And due to the dissemination of informa-
tion and the obligatory rules for quality assurance they are part of the plan-
ning and execution of coming projects. 

Visions and innovation for future improvements 

The client, Boligselskabet, is satisfied with the way the inspections are exe-
cuted and uses the results in the operation of the estate. The Fund has 
some considerations concerning the future work. The main vision is to 
strengthen the implementation of the experiences by a stronger use of them 
in connection with the planning and design of new estates. 
 The experiences from one year and five year inspections give the Fund, 
the client and the companies some valuable lessons about good and bad 
practice in the actual building project. The Fund's dissemination of the les-
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sons gives at the same time the whole industry not only knowledge about 
defects but also the possibility to learn and develop methods, components 
and materials. Furthermore the results are used to considerations about 
remediation and liability in the actual project. 
 The mentioned parts of the building are each divided in minor parts – 
from three to nine. So the total number of indicators sums up to about 50. 
They have been chosen in accordance with experiences from analysis of de-
fects and earlier inspections. They represent topics where there is a risk for 
defect. The Fund has furthermore established a classification for the seri-
ousness of a deficiency or a building damage.   
 The indicators are the starting point to show whether there are or will be 
problems with indicators at higher levels in CREDITS classification as  
safety, indoor climate and product performance (as constructions and instal-
lations).  In some cases detected deficiencies and damages have appeared 
to be sign of structural or other more general problems. An example is that 
deficiencies in roofs have been caused by problems with the stability of the 
building. It is recommended to choose indicators which can signal possible 
defects, are well defined and easy to implement in benchmarking and dis-
semination of experiences as done in the BSF system. 

4.2 Private housing – search engines at estate agents 
(Denmark) 

This case study describes search engines and related assessment methods 
and tools for private housing. It addresses questions related to how data and 
information about the sales process and the building is collected, managed, 
evaluated and used. Further, the chapter deals with which assessments and 
indicators are applied in the sales process. 
 

 
Figure 16. Search engines at estate agents of private housing. 

The actual building, building parts and processes 

 
The search engines cover the whole country. Principally, there are no re-
strictions but sales require up-to-date information. The search engines in-
clude existing buildings as well as new buildings (typically project develop-
ment). The types of buildings covered are: 
– Single-family house/(small) detached house. 
– Owner/occupier dwelling. 
– Summer cottage. 
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– Vacant building site for summer cottage. 
– Tenants-owner housing. 
– Terrace house/Non-detached town house. 
– Dwelling in detached house (in Danish: Villalejlighed). 
– Farm house. 
– Vacant building site for permanent housing. 

The applied assessments and tools in the processes 

The assessment methods and tools applied in the marketing and sales 
process include three sets of methods and tools: The estate agent's sheet of 
information, an energy label, and a condition report.  
 The sheet of information is a presentation of the building for sale includes 
also governmental requirements. The sheet contains description of property, 
the cash price, gross/net costs, loans and land registry data. Sheet is not 
mandatory for private sellers, but part of the purchasing contract.  
 The second type of assessment is the energy label. The energy label 
scheme was established in 2006 as part of the EU directive on buildings' en-
ergy performance. The objective is to save energy, and it is mandatory for all 
new and existing buildings with a few exclusions like industrial and agricul-
tural buildings. The energy label is calculated using various types of calcula-
tion tools. 
 The house inspection system ensures consumer protection and informa-
tion in conjunction with purchase and sale of single-family houses. The pur-
pose is to secure seller’s 10-year responsibility for hidden faults and defects 
towards buyer. Although the house inspection system is voluntary, some 60-
80,000 reports are produced each year and majority of all sales of single-
family homes involve the house inspection system.  

Cost and performance indicators applied in the assessments 

 
The sheet of information typically comprises 6-10 pages, and includes fol-
lowing: 
– 1) The cash price.  
– 2) Information on mortgages and bank loans as well as a standard financ-

ing scheme.  
– 3) Gross/net expenses. 
– 4) Utilisation costs. 
– 5) Cash payment required to finance and finalise the purchase.  
– 6) Latest property value and land value according to public valuation. 
– 7) Plot, building and built-up area (BBR registry) possibly including distri-

butional keys for heating etc. 
– 8) Land registry number, location, present use and previous use if differ-

ent from present use.  
– 9) Present insurance including special conditions e.g. non-insurable 

against dry-rot and insect. 
– 10) Burdens and liabilities of the property or seller, which the buyer must 

take on outside the purchase amount. 
– 11) Energy performance.  
– 12) Special or extensive limitations of use due to district plans, servitudes 

etc.  
– 13) Pollution mapped according to knowledge level 1 or 2, or information 

on light polluted soil. 
– 14) Economic or personal circumstances, including:  

– a) any economic or personal interest that the estate agent may have in 
closing a deal or in the buyer's choice of finance, insurance or other 
services in relation to the purchase of property, or  

– b) that the estate agent do not have the interests mentioned in 14a).  
– 15) Other items of significance. 
 
The energy label operates with predefined energy categories ranging from A 
to G. The energy consumption is calculated in two ways; energy costs per 
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year, and energy consumption per year in kWh/m3. Report typically compri-
ses 6-10 pages, and includes: 
– Basic information on the property and the assessor. 
– Calculated heat consumption. 
– Energy label (category A to G). 
– Proposals for energy saving measures. 
– Savings and financing. 
– Free text comments describing the analysis of energy performance. 
– Detailed building inspection by energy consultant. 
– Detailed basic information on property. 
– Assumptions used in calculation. 
– General information on energy labelling. 

 
The condition report uses the following 6 scale grading for the assessment. 
The building divided in to 11 main building parts; Foundations/basis, Cel-
lar/crawl space/ground deck, Outer and inner walls, Windows and doors, 
Ceilings/floor structure (horizontal division), Floors, Internal stairs, Roof 
structure, Bath/toilet and utility room,  Plumbing (heating/ water/ sewage), 
HVAC, and Electrical installations.   
 
The condition includes also: 
– Basic information on the property and the assessor. 
– General information on the house inspection system, grading scales etc.  
– Detailed observations on each of the 11 building parts summarised in the 

above table.  
– Questionnaire to be answered by the seller. 
– Summary information to the insurance company from the assessor on the 

results of the inspection. 

Relation to different enterprises and national benchmarking 

The assessments serve two purposes; transparency and consumer safety in 
the marketing and sales process of homes. Transparency is enforced in 
search engines to all groups of users – estate agents, sellers and buyers – 
having access to an excessive amount of data on properties that include 
sheet of information, energy label and condition report. In relation to earlier, 
the increased market transparency also helps to set a 'fair' price for property 
and monitor the market or benchmark similar properties. The sheets of in-
formation are primarily a marketing device for sellers and estate agents, but 
they also serve as a selection mechanism to find the most appropriate pur-
chase when filtering the content according to building type, location, price, 
size etc. The other main purpose is consumer safety, and house inspection 
system has been created for liability reasons. Close to 1 million condition re-
ports has been issued since 1997, but yet no official statistics or benchmarks 
on the performance of homes has been provided.  

Visions and innovation for future improvements 

Currently there are no immediate plans to change the three assessment 
methods and tools. One of the main lessons to be learned is that a wide 
range of information is already available, and covers also a number of the 
key performance indicators discussed in CREDIT like price, size, location, 
energy performance and building performance most notable considering 
visible defects or damages. It seems also that there is a need for perform-
ance indicators focused on the services provided by the actors. 

Interestingly, none of the interviewees pointed out a need to include new 
performance indicators on e.g. building performance. Instead they argued 
that performance is something that can be changed whereas the location 
remains fixed. However, the foundation Realdania has recently published a 
study end user satisfaction to building inspection and condition report. It 
seems that 90 % of the home owners find it valuable, and majority also has 
confidence to it. Despite the confidence of the consumers, there is a huge 
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gab between the way the consumers perceive the scheme and the way the 
scheme actually works. There is also a wish to improve consumer protection 
by expanding the coverage of the condition report, and some of these areas 
are linked to performance indicators such as indoor climate, service life val-
ues, and state of maintenance. 

4.3 22 student housing estates - Stakeholder evaluation 
(Denmark) 

This case has an initiative to increase the number of dwellings in private 
housing for students. The evaluation is focused on the following four themes: 
quality in the finished buildings, the building process, economy for the soci-
ety, client and user together with user satisfaction. 

The actual building, building parts and processes 

The case is based on the whole evaluation of 22 estates – 15 private estates 
with 1113 dwellings and 7 non profit estates with 627 dwellings. Focus in the 
case is in other words an evaluation of a group of buildings and compared 
with normal traditional buildings of the same functions. Five of the 15 build-
ings/estates are renovated buildings, and apartments vary from 27 to 50 
square meters. 13 of the buildings have common room and kitchen facilities, 
and all apartments have small or big kitchen. 

The applied assessments and tools in the processes 

The evaluation is primarily based on registration of the quality of the finished 
buildings, questionnaires and interviews with all clients and persons respon-
sible for economics in the execution of the estates, interviews with local au-
thorities, questionnaires to students, questionnaires and interviews with per-
sons responsible for the operation of the estates and interviews with mem-
bers of the judging committee.   
 The indicators were tailored to this evaluation. The theme quality con-
tained three main topics: architecture, standard and fulfilment of the demand 
from the ministry. The evaluation was divided into "levels" and started from 
appearance and individual apartments, continuing to rooms and compo-
nents. The theme building process focused on general level to the interplay 
between the main actors: the ministry, the client, the companies and the lo-
cal authority. The theme economics looked at the costs for construction, op-
eration and life cycle use. The theme user satisfaction focused on the users 
own evaluation of their apartment. They also rated common areas and social 
interaction. Furthermore, student movements and the use of the estate were 
evaluated. 

Cost and performance indicators applied in the assessments 

The ministry decided that the evaluation should concentrate on indicators 
within the following four themes: quality, building process, economics and 
user satisfaction. The same themes were used for all estates. 

Relation to different enterprises and national benchmarking 

There is no national benchmarking system in this area, and used system 
was tailored to the situation used in evaluation. After the evaluation, none of 
the clients and companies have initiated specific assessments of their build-
ing and the process. For the private student housing there were three groups 
of clients: self-governing institutions (4), turn key contractors (7) and prop-
erty owners (4). 
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Visions and innovation for future improvements 

The evaluated themes and indicators reflected the political intensions with 
the initiative. A broad spectrum of tools was used. The indicators and the 
chosen tools yielded a good insight in the results of the political initiative. 
The results aimed primarily at the agreed overall framework and not at the 
individual case under planning and construction. But in the case a new initia-
tive is taken there are conclusions which also will influence the single build-
ing quality, process, economics and user satisfaction. Some data turned out 
to be difficult to evaluate, especially some indicators concerning economics. 
Also the short period for evaluation caused problems concerning the opera-
tion of finished buildings. 

4.4 Public housing - User needs and economy (Denmark) 

Public housing case study is a renovation project in Copenhagen. The main 
objective in U2 project was involving end users and capturing their needs. 
The study also looks at how architects end-user needs in their work, and 
considers also a national system BOSSINF. 

The actual building, building parts and processes 

The U2 project is a located to Amager -Urban Planen - near the centre of 
Copenhagen, where planning started in 2003 and site is expected to finish in 
2010. It includes renovation of façades, gables, new windows, balconies, 
roofing, and a new layout for the exterior areas. Renovation project also de-
veloped four elements: 1) A model for value creation in the building industry, 
2) Optimization of product and process on the level of building parts, 3) Edu-
cation on the building site, and 4) Value creation and optimization in all 
phases of the building process.  The client for the project was a cooperating 
team (partnership) with members from the housing organisation and local 
municipalities. 
 

 
Figure 17. Drawing of the planned changes in the out door area in Urbanplanen. 

The applied assessments and tools in the processes 

A number of tools and methods has been used in order to involve dwellers in 
the area and get insight to their wishes, opinions and knowledge about the 
area. Tools include surveys, workshops, and events, and results were 
documented and communicated through exhibitions, catalogue of ideas, 
newspaper and web forum.  

Survey of the end users in the housing area included questionnaires 
via telephone, distributed to all households and semi structured interviews 
within different focus groups. This was a preliminary process of briefing in 
2004 in order to gain views, wishes and opinions from representative part of 
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the end users and assess benchmarks for process. The survey was done by 
a third party, and corresponding survey is planned after project is finished. 
 3 workshops were held as a part of the strategic planning in the initial 
phase. First, a long workshop was chaired to challenge end users to inno-
vate on recreational space, buildings, common functions, and the identity of 
the area. Second, a short workshop was held about the playgrounds, where 
kids had possibility to express their needs. Third, one workshop considered 
also the pathway through the area. Results from the workshops were docu-
mented in exhibitions and later to an idea catalogue. These ideas were also 
discussed and different departments of the public housing voted decisions. 
In relation to earlier, children were able to vote between the different play-
ground solutions.  
 However, the involvement of the end users to the whole planning and 
construction process was evaluated by a third party. This evaluation was 
based on interviews with key players, registrations, questionnaires and the 
evaluator's judgement of the goal achievement with the different events. 

Cost and performance indicators applied in the assessments 

Focus group meetings considered: 
– The design of the flat  
– The location 
– Access to public transportation 
– Vicinity to family and friends 
– What kind of place is it to live?  
– The service from the caretaker's 

office 
– The rent 
– The quality of the playground for 

children 
– The reputation of the area 
– The shopping possibilities 
– The demography of residents in 

the area 
– The outdoor spaces 
– The maintenance 
– Identity of the area 
– Social contact in the area 
– Sense of security in the immedi-

ate environment and in the other 
areas. 

The list of objectives in U2 project 
concerning cooperation included: 
– More dwellers at the meetings 
– Good publicity in the media 
– Few complaints 
– Content residents 
– All residents are informed about 

the changes 
– Less damages  
– The vital connection is realised 
– The result of the renovation be-

comes a reference for other 
renovation projects. 

– More people are visible in the 
area  

– Proud tradesmen 
– Proud residents 
– Increased possibilities for each 

resident to have influence on 
his/her dwelling  

– Project will stay within the budget 
– The quality of the new facade and 

outdoor are

Relation to different enterprises and national benchmarking 

U2 is a demonstration project for the innovation network for public housing 
organisations and the local authority in Copenhagen. The assessment 
methods developed by process consultant WITRAZ Architects were targeted 
to involving and capturing the users' knowledge, opinions and wishes. 
 Experiences and knowledge gained in this project will be used by other 
housing organisations in Almennet. Further, experiences are also relevant 
for enterprises such as process consultants, architects in future projects, and 
have been distributed to public through publications on user driven innova-
tion with architects as the target group. 

Visions and innovation for future improvements 

The objective with Almennet is this to further learning processes in public 
housing, and to develop methods and processes that will improve the user's 
satisfaction with their dwelling and housing area. The innovation strategy is 
user driven innovation.  
 This renovation project in Copenhagen shows that there are available 
methods and tools at hand for user involvement and capturing user needs as 
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well as experience with the employment of these methods in the public 
housing sector. Methods are primarily suitable for the strategic pre-analysis 
and briefing in the CREDIT Carpenter model. The assessment of total pro-
ject success includes both statistical data and softer feelings and sensations 
based personal judgements. 
 The assessment of process and end result relate to indicators in the 
CREDIT Indicator framework, mostly to Location and address (2.1), Plot op-
portunities (2.2), Spatial solution and property aesthetics (2.3), Surrounding 
services (2.4), Social value (2.5), Category of building, quantity, size and 
area (3.1), Safety and security of burglary (3.2), Usability and adjustability 
(3.3), Feelings and sensations (3.9), User involvement (6.5). 

4.5 Developing process and product in housing company 
(Sweden) 

This case study shows a franchise housing company and how it continu-
ously develops product and project in environment where end users are not 
known from the beginning. 

The actual enterprise, company and firm 

The company is selling building concepts for new build villas, apartments 
and terrace houses to licentiate takers in Sweden, Denmark, Norway, 
Finland and Great Brittan. Several public real-estate owners providing rental 
houses constitute 40% of its turnover. The purpose of the assessments for 
better understanding their customers is mainly to develop the products and 
the project. 
 Though the customers are not known from the start the housing company 
is using a system of surveying and evaluating methods to improve and de-
velop product and project process to better meet the needs of the custom-
ers. The company has learned lessons from the evaluations and changes 
have been made in order to make the system more efficient. Besides, the 
company is continuously comparing their work with competitors but not in a 
systematic benchmarking procedure. 

Applied assessments and tools in the enterprise 

The housing company is working continuous with improving both process 
and product from a customer perspective. The development of the project is 
initiated with a market survey and is followed by a positive customer index 
(PKI) survey, both performed by consultants and analysed by the company. 

Costs and performance indicators applied in the enterprise 

 Company has used surveys in multitude of projects. They make market 
analysis to ensure that location matches the target customers. A two store 
terrace house has also been developed and investigated interviewing 300 
hundred younger children families (how they lived today, living customs, 
opinions of their living, like to change, possible solutions). Results show 
commonalities between Nordic countries. In general people living in terrace 
houses like to have good storage areas, a proper kitchen and a sensible so-
lution for the laundry. Open plan solutions are more common in Denmark, 
and big glass facades towards garden but not to street are liked. Bed rooms 
should be on the upper floor, and toilets in both floors. 
 Then, the company uses deep interviews (90 min) when the product in 
use to get input to product development. These interviews included following 
areas; company and area, external environmental aspects, internal aspects 
of living such as systems, spaces, materials, functionality, and usability. Re-
spondents are also answering to questions concerning various living situa-
tions. 
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 Positive customer index (PKI) is performed by a consultancy with tele-
phone interviews. The importance of the requirements was graded by the 
customer on a five graded scale, and output included three main areas: be-
fore moving in, at occupancy, and for the residence. The results are used in 
two ways; first to improve the production, and second to use the result as an 
inspiration for future projects. 
 The company is surveying the quality of living in their two year or older 
residents. For example the telephone survey addressed to apartments, 
2004, included totally 200 respondents (5 respondents per project). The sur-
vey includes background variables, quality of living in spaces, change 
needs, changes made, image, economy, development, recommendations, 
moving plans and customer loyalty.  
 The most obvious indicator in use is of course PKI. The parts of the build-
ing being asked for in the evaluation are: ventilation, sound insulation, func-
tionality of rooms, equipment in bathrooms, technical equipment and energy 
consumption. It is concerned quite difficult to know what technical aspects 
bring added value to the customers. If we take one finish detail away to save 
money will the customer notice it and be less happy with their products? It is 
hard to know. 

Relation to building cases and national benchmarking 

The company do not use a structured benchmarking system. They are 
though keeping track on the competitors and analysing how their products 
succeed. Thus, it is important to use different evaluations as inputs to the 
developing process. For example, once they developed a product for the 
people born in the 1940s. When following up who actually lived in the 
houses, it was a mixture of varied customer segments and company decided 
to make changes. 
 When evaluating the project the result is sent to the licentiate takers. The 
company interferes if the brand is hurt, an minor faults are the company rely-
ing on the licentiate takers. The improvements from the PKI are mainly ad-
dressed through adapting the outcome to local conditions. 

Visions and innovation for future improvements 

The company is using a system of survey and evaluation methods to im-
prove and develop product and project process to better meet the needs of 
the customers. The development of the product initiates and ends with dif-
ferent kinds of surveys; typically initiated with a market survey and followed 
by PKI survey. Besides customer surveys are done to all projects that are 
two years or older. The company has learned some lessons, and develops 
the system more efficient.  
The company finds it difficult to know what brings value to the customers 
and how needs are changing. They also feel that it is hard to exploit informa-
tion from the different surveys organisation wide and show best practice ex-
amples. One problem with the PKI system is that sometimes one not satis-
fied customer gets too much attention. 
 The company gives customers a guide when moving in. The guide in-
cludes also inspirations material on how to furnish but also guaranties, draw-
ings, user’s guide, and worth knowing section. 
 The list of CREDIT indicators were shown to the interviewed person. For 
the company Location and Building Performance indicators would have been 
interesting to measure. The remaining indicators were not seen that interest-
ing in a franchise company. The respondents were missing indicator deter-
mining general trends. When a trend is so important/ interesting that you 
should pay attention to it? 
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4.6 Managing tenants in housing company (Sweden) 

This chapter describes how the housing company is using a number of 
methods to better understand and manage their tenants in occupancy and in 
different construction projects  

The actual enterprise, company and firm 

The housing company is a public real-estate concern owned by the city. 
They supply 20 000 habitants with 8500 dwellings and 100 000 square me-
ter premises for shopping, offices, cinemas and geriatric care. The functions 
the company offers is building of new houses, refurbishment and operation 
and maintenance.  
 The company is monitoring the buildings and the customer satisfaction in 
occupancy. The company is prevailing under the tenant’s law, which affects 
the management of the existing tenants when rebuilding or raising of devel-
opment density. 

Applied assessments and tools in the enterprise 

The methods used in the company, for managing and monitoring the tenants 
satisfaction, are different key performance indicators (KPI), meetings, data-
bases, questionnaires, surveys and the experience and knowledge among 
the employees. The company measures satisfied customer index (SCI) once 
a year from all dwellings. The purpose with the measuring is to improve their 
work and receive a picture of the customer satisfaction. The SCI measure-
ment has lead to improvements and their customers are nowadays feeling 
safer, like the dwelling better and are more pleased staff in the housing 
company. The questionnaire consists of eleven main questions which are 
broken down in a number of statements that respondents scale; 

1. Age of respondent 
2. How long the respondent have been living in the apartment 
3. Number of persons living in the apartment 
4. Service 

a. Easy to contact, well treated by the employees, reliable 
company etc. 

5. How they contact the housing company 
6. Maintenance 
7. The laundry 
8. The quality of living 
9. Safety 
10. New customers/tenants 
11. Remaining  

a. Value for money, information, internet, television, the attrac-
tion of the apartment/estate etc.  

 
 The company has two systems for collecting information about the cus-
tomers and their living preferences. One is a questionnaire in homepage 
where anyone can fill their wishes for qualities of their future living. The other 
system is a queue for dwellings. When signing in the application the com-
pany receives information about living wishes. 
 The company has a number of tenants’ associations where tenant repre-
sents give important feedback to the company. The strength turned out to be 
the service how promises are kept and the competence among employees. 
On the other hand, tenants did not put much interest in environmental work 
the company is performing. The knowledge within the company is not shared 
in a data bank or similar. The demand for a central living is highest among 
young and elderly people. Households with children prefer more living in the 
outskirts of the town. These prerequisites affect the designing of apartments. 
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 The tenants have to be involved, according to the tenant’s law, when 
renovating existing buildings. An example of a working procedure when in-
volving tenants is:  

 meet all the tenants in a meeting  
 send out a questionnaire about their opinions of the renovation 
 meet the tenants again and present the result  
 perform a number of reference meetings with the tenants  

 
The company makes tenants reference meeting that link together represen-
tatives from the company and tenants. During the meetings, issues like 
space analysis, development density and affects to tenants are discussed. 
When a rebuild is made, discussions about the equipment, colors, material 
etc. are held, though the changes will influence the tenants rent. Tenant’s 
possibility to affect is quite high.  
 When developing new housing concepts, like co-operative association, 
the company is hiring external consults to make surveys. The surveys for a 
co-operation project in a village outside the city existed of two surveys. One 
survey of the opinion about co-operating concept among the habitants in the 
village and another survey of how much they were willing to invest in that 
kind of living. The housing company felt that they had benefits from the sur-
veys. 

Costs and performance indicators applied in the enterprise 

The company is monitoring following indicators: 
 Satisfied Customer Index  
 Resource use (use of energy, material, electricity and water)  
 Economical parameters (almost every post in the statement of in-

come).  
 Accessibility (In the existing housing accommodation are surveying 

of accessibility for elderly people performed in collaboration with re-
searchers).  

    
The company is considering at almost every parameter in CREDIT indicator 
framework, and parameters are measured as goals. The market manager 
considers that short list of indicators should be used for monitoring. Besides, 
some of the indicators are not of particular interest, such as Green House 
Gas emissions. The risk indicator could be interesting on the habitats but the 
company has so long queue to apartments that this matter is not of particular 
interest. The manager also points out social indicators being maybe hard to 
compare with other companies. 

Relation to building cases and national benchmarking 

The housing company has been participating in a national benchmarking 
system for couple of years - SABO (Sweden of public utility housing compa-
nies). The measuring is focusing on economic and resource use aspects. 
The purpose is to use the system for comparing towards the competitors to 
see how well they perform. They have always been in the top section, but 
does not consider it easy to learn from the benchmarking system. 

Visions and innovation for future improvements 

The company is working in a number of procedures to understand the needs 
of existing and future tenants. The voice of existing tenants is expressed in 
SCI measuring, tenants associations and in renovation projects. Perceptions 
of future tenants are collected in website. Unfortunately, much of the col-
lected information is not yet used in an efficient way and more knowledge 
exists in the heads of employees. 
 The real estate company is participating in a national benchmarking sys-
tem provided by SABO that focuses on economical parameters. They plan to 
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introduce a SCI questionnaire for their habitat customers as well. The mar-
keting manager wants to perform a study of future living preferences to un-
derstand better where the development will go and what the tenants of to-
morrow want and require. The construction manager is concerned about 
communication technology issues. 

4.7 Joint ambition housing project (Sweden) 

This case study gives an example of how to work together in the building 
process in a joint ambition. It is necessary to test new ways of working to-
gether in the building sector. The end-user is not always satisfied with the 
product considering quality and costs. 

The actual building, building parts and processes 

This case study explains details on a housing area with 200 apartments near 
Helsingborg Sweden. The project that was started in 2004 and finished in 
2008 offers a variety of dwellings and apartments in multi-storey houses and 
detached houses. It had a special focus on end-user perspective. 

The applied assessments and tools in the processes 

The involved actors, local authorities, architects, caretaker, construction firm 
and representatives for future tenants, worked together in the early stages at 
workshops and meetings to share knowledge and experience from each part 
in favour for the planning process.  
 In this project all handling of data were made on a web-based portal. 
Several meetings and visits at housing areas with all actors involved gave 
possibility to discuss experiences and formulate the goal for the new project 
Maria Sofia. Target of the meetings was to create a common understanding 
for the end-users needs and requirements. All actors involved were re-
quested to read information concerning also the other actors. Information 
and discussions about prejudices towards the roles and responsibilities gave 
an interesting picture of the culture and tradition in construction manage-
ment. 

Cost and performance indicators applied in the processes 

The actors involved started up the process with several meetings and a pre-
cise goal concerning the costs per square meter. Economical frames bring 
challenge also to the collaborative work. More time and efforts in the early 
stages can be an investment with good results, such as using the knowledge 
from the group.  
 The winners are the actors involved, the end-users and future tenants be-
cause of the possibilities to lower the rent. The project was delayed because 
of the infrastructural planning from the municipal planning office. The result 
is very good for the quality and low cost production. The most important 
positive result is that when the tenants move in to their apartment there are 
no problems or faults. This can be an effect due to a collaborative way of 
working. 

Relation to different enterprises and national benchmarking 

This case study clearly showed the positive effect of working with a joint am-
bition. All parts involved are content with the result and knowledge from this 
project will be transferred to coming projects. 

Visions and innovation for future improvements 

This case study indicates the positive effects of working together with a joint 
ambition in the building process. Each party has different interests and it is 
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necessary to draft what goals can be shared. There are discussions about 
how to improve this way of working together. The experiences from this case 
study indicate that when you focus on the end-users requirements and work 
with a joint ambition positive effects can be achieved. The result is good 
concerning the product, the time-schedule and the economy. These are also 
heavy arguments for developing collaborative team work and learning or-
ganisations. 
 Every actor and individual involvement is important when working to-
gether in a project. Using each others competence in a safe and encourag-
ing atmosphere can give positive effects on the process and on the product. 
The ambition and good experiences of working in a more cooperative cli-
mate can be traced in the official description of every actor involved. Their 
policies and codes of conduct can be meaningless if the will to work in this 
climate does no exist. The architect should initiate the dialogue and maintain 
good communication between the users and the professional team. If the 
appropriate role is given to the architect and if the architect’s attitude to-
wards the task is appropriate, user involvement in the design process is 
positive.  
 Different working methods can be used to support communication. Both 
full-scale models and 3D modelling at the computer are valuable when de-
scribing designs to end users. The architects challenge in this case study 
clearly was producing houses with a fixed cost. Hopefully more customer 
driven processes give a smart and elastic working- model that can change 
prevailing conditions. The winners in changing towards a better organiza-
tional development are both the companies and the individuals. 

4.8 Paldiski road (Tallinna Majaehituskombinaat, Estonia) 

This case describes details from complex refurbishment project in Tallinn Es-
tonia. The main interest in the project has been to reduce heating energy 
consumption. 

The actual building, building parts and processes 

The case is based on the results of complex refurbishing of an apartment 
building carried out in Tallinn to gain maximum energy efficiency, which in 
turn affects significantly the monthly costs of the residents. The apartment 
building at Paldiski Road 171 was built in 1977 as a pre-cast unit construc-
tion by Tallinna Majaehituskombinaat (Tallinn House-building plant). Flat-
roofed 5-storey building with four stairways is situated in Õismäe. 

The applied assessment methods and tools in the processes 

In the Paldiski road, 60 apartment owners formed the Home Owners’ Asso-
ciation in 2001 and that has managed the building since 2002. Due to 25 
years of use, that is half of its expected lifetime, the association decided to 
refurbish the building in order to lengthen the lifecycle, lower the mainte-
nance costs and raise the quality of life. Currently the reconstruction works 
have been finished, but maintenance related data and energy consumption 
data are still monitored. Further, surveys of resident satisfaction have been 
carried out. 
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Figure 18. Apartment building at Paldiski road, before and after refurbishment. 

Cost and performance indicators applied in the assessments 

As a result of the reconstruction project, the apartment building has a mod-
ern look, it is well insulated and has a heating system with individual calcula-
tion of heating expenses, where the estimated 40% energy saving can be 
expected. The general payment burden of the residents (housing expenses) 
increased, but thanks to the energy saving the residents will be able to fulfil 
their obligations. 
 Opinions of the residents concerning the results of the renovation are 
mainly positive, especially those concerning the aesthetics, living comfort 
(warm rooms) and expenses that correspond to the increase in living stan-
dards. The apartment owners appreciate highly the changes in the outer 
look of their building and the significantly improved heating system: adjust-
ability according to the individual needs; it is hoped that the new system 
would be efficient and economical. Considering all the changes that were 
rated positively, it is presumed that also the market value of the apartments 
has increased. This understanding has not increased the residents’ housing 
mobility.  

Relation to different enterprises and national benchmarking 

The national housing stock of Estonia consists of dwellings inherited from 
different eras; the largest of which as for influence has been the Soviet pe-
riod. Though the publicly built stock of this period was developed according 
to strict rules and standards, it was performed and maintained on low level of 
quality. According to current statistics on January 2007, there are 638 200 
dwelling units in Estonia, mostly in private owner-ship. Therefore, surveys on 
housing stock emphasize multi-storey houses. 

Visions and innovation for future improvements 

Using this example, it is possible to refer in the future to a specific apartment 
building and the energy efficiency that resulted from the refurbishing, which 
in turn affects significantly the monthly costs of the residents, mostly reduc-
ing the heating expenses.  
 Based on this example as the case study we expect to assess the per-
formance criteria for different other buildings/dwellings being currently tech-
nically surveyed for future strategic activities. 
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5 School and nursery case studies 

School and nursery case chapter includes five very interesting case studies; 
one from following countries respectively: Denmark, Norway, Sweden, Ice-
land and Lithuania. First, the Danish case promotes energy efficiency in uni-
versity buildings. Then, the Norwegian case demonstrates project manage-
ment benefits from using building information models. Third, we have a pos-
sibility read from efficient end-user perspective recognition in the Swedish 
case. Next we get an overview to comparing nursery schools in Iceland, and 
finally we conclude with a laboratory building from Lithuania utilising decision 
support system that is based on computer simulation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19. School and nursery case studies in CREDIT project. 

5.1 University buildings and Energy labelling system (Denmark) 

This case describes how energy efficiency is furthered by directions in the 
University and Property Agency (UBST) and public mandatory energy label 
system EMO for buildings in Denmark. It explains The Danish directions for 
energy efficient building. 

The actual building, building parts and processes 

The competition about the University building in Kolding, a part of the Uni-
versity of Southern Denmark, started in July 2008 and the winning project 
was published in October 2008. The building is planned to be finished by the 
summer 2013. 
 The building in question is a university building for teaching, project meet-
ings for the students, offices for researchers and teachers, administration, 
café, library, auditoriums. To minimize the energy consumption of the build-
ing is a special concern is paid to calculations and evaluations of the esti-
mated energy consumption. 
 

Schools and nurseries
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Figure 20. Façade of the planned university building in Kolding. 

The applied assessments and tools in the processes 

The UBST has since 2008 had new directions for the planning of energy ef-
ficient buildings and Kolding project was the first project where these direc-
tions were used. It consists of two parts; a calculation programme for energy 
demand of planned building, and parameter explanations in order to make 
the calculations. 
 In the case a set of measurable requirements concerning the energy effi-
ciency of the building was defined by the client in cooperation with consult-
ants and other stakeholders. The building reached energy class 1, which 
means that the resource consumption is (50 + 1100 kWh/m² that is 50 % of 
the Danish building regulations.  
 The evaluations include the calculation of energy demand, a calculation 
of the profitability of the planned solutions and alternative solutions that 
comply with the requirements in the brief and indicators of the directions. 
 
The indicators in the energy efficiency labelling system EMO concern: 
– Contributions to the energy demand (heating, electricity for running the 

building, temperatures that exceed the limit for the temperature) 
– The net energy demand (heating the space, warm water, cooling) 
– Selected electricity demands (lighting, heating the space, heating warm 

water, heating pump, ventilators, pumps, cooling) 
– Loss of heating in the installation (heating the space, warm water) 
– Output from special sources (solar heat, heat pump, solar cells) 
 
The data that is entered in calculation programme includes: 
– The building type (detached house, row houses, blocks) as well as the 

function it houses (offices, schools or teaching, day-care, hospitals and so 
on). 

– Heated floor area 
– Heat capacity  
– Hours of use per day. 
– Type of energy supply 
– The building envelope (exterior walls, roof, floors, and other surfaces, 

foundations and joints by the windows, windows and doors including the 
orientation, grade and glass area of the window) 

– The transmission area 
– The transmission coefficient 
– The factor of temperature 
 
These indicators are summed up in a label expressing the energy demand 
for the specific building. A building can get a label on a scale from A to G. 
Though it is mandatory for all buildings with an area that exceed 60 m², more 
than half of the buildings that ought to be labelled are not. There are no 
sanctions for not labelling one's building. 
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Relation to different enterprises and national benchmarking 

The UBST has a large portfolio of teaching and university buildings both as 
owner and facility manager. The operation of these buildings gives access to 
information about the energy demand and consumption. This information is 
mandatory to collect and deliver to the national energy monitoring system 
(EIS) for all buildings run or owned by the state. The knowledge gained by 
monitoring energy consumption and having the buildings energy labelled, 
makes it possible to know how functions of building affect the energy con-
sumption. This knowledge is used in the briefing process making and deci-
sions about what level of energy efficiency in new buildings should reach. 
 Both the estimated and the actual costs of the new university building to 
have a energy demand of 50 kWh per square meter will be used as a guid-
ance for the expenses for increased energy efficiency in building. 

Visions and innovation for future improvements 

The objective with the Directions for energy efficient building is to establish 
an experience with different solutions for energy efficient building and gain 
knowledge about whether the level of ambition is reachable and if it raises 
the costs. Such a knowledge is valuable for the UBST themselves as well as 
for other public authorities in charge of public buildings. 
according to Jens Rømer Olsen, UBST directions are too detailed and 
elaborated by themselves, and are probably going to be replaced by new di-
rections (Energy Strategy of the Danish University and Property Agency 
2009 - 2028). The assessment tool, method and calculations are the same in 
the new energy strategy as it was in the directions for energy efficient build-
ings. 
 The case shows that there in relation to energy consumption is a devel-
oped set of indicators and assessment methods available, that relates to the 
indicators of CREDIT. The case points out a problem in having a mandatory 
system without sanctions when someone does not meet their obligations. 
Furthermore, it shows the weaknesses in having a system that is based on 
the owner incentives from the energy labelling. 

5.2 University of Stavanger (Statsbygg, Norway) 

This case study describes the usage of key indicators in relation to Univer-
sity of Stavanger Norway. Statsbygg as building owner has a focus on use of 
Building Information Model (BIM), and therefore KPIs are considered from 
BIM perspective, and questions addressed related to how data and informa-
tion about the building is collected, managed, evaluated and used. 

The actual building, building parts and processes 

 
The University of Stavanger is lo-
cated to Ullandshaug and contain 
premises for faculty of social sci-
ence. Basic information: 

- Size: 3 600 m2, rooms for 
100 employees and 140 stu-
dents 

- Owner: Statsbygg  
- Architect: Link Signatur 
- Consulting engineer: Multi-

consult 
- Schedule 
- Programming phase: 2008 

- 2009 

- Construction: 2009 
- 2010 

- Handover: 2010 / 
2011 
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Figure 21. University of Stavanger.

The applied assessment methods and tools in the processes 

One of the criteria of the competition was that a Building Information Model 
(BIM) should be delivered. Currently (Summer 2009) the project is in the 
programming phase. A digital room and building program are being de-
signed. Requirements that the building has to meet are being defined. It will 
be important to keep track of the original requirements and the final product 
as built. In principal everything will be stored in the BIM. 

Cost and performance indicators applied in the assessments 

An important example of relevant indicators is gross/net area efficiency. In-
formation about the building from the BIM can be analyzed together with 
cost information from other sources. In the current phase of the building pro-
ject the main focus is on the performance of the building. The approach is to 
compare with the original requirements. The motivation for collecting the 
data in Statsbygg is high. Energy indicators are used to compare buildings 
within similar buildings, while other numbers are compared independently. 
The real estate indicators are used to manage the existing buildings in a 
more efficient way, but as of today they are not used in the designing new 
buildings. The transfer of knowledge from existing buildings to new buildings 
is not taking place in a large degree. The area where largest progress has 
been made is energy performance. 
 In addition the indicators are used when creating cost budgets and calcu-
lating rent. Statsbygg has created its own Life Cycle Cost -calculator. Due to 
owning 2 300 buildings, Statsbygg currently has main focus in better man-
agement of existing buildings. It has about 20 -30 new building projects each 
year. 

Relation to different enterprises and national benchmarking 

Statsbygg’s facility managers benchmark their buildings against other build-
ings in company portfolio. In each geographical region the managers meet 
twice a year, and key indicators are used as “discussion points”.  
 Statsbygg participates in both the national benchmarking networks (NBEF 
and NfN) as a result of a policy decision. When it comes to using data for 
benchmarking purposes, Statsbygg uses its own internal data as compari-
son points. One reason why Statsbygg chooses to rely on its own data is 
that some of the data from other participants in the networks might not be 
comparable. Some have for example different ambitions for the long term 
level of maintenance. They believe that their buildings have a relatively 
equal level of maintenance, but if attention is not paid to this matter bench-
marking can result in misguiding recommendations. Buildings with too low 
historical maintenance expenses can become best practice when mainte-
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nance level is not taken into account. Another problem is different under-
standings of value preserving maintenance and value increasing develop-
ment. 

Visions and innovation for future improvements 

Statsbygg has made the strategic decision to require usage of BIM for the 
University of Stavanger. One of the interesting aspects in this project is to 
examine how the data inserted into the BIM can be used for benchmarking. 
One key indicator that will be studied is net / gross area in different phases 
of the building process. Today there are some parallel processes that can be 
eliminated, and idea is not to create a data warehouse but a system that col-
lects data as needed from subsystems. 
 From 2010 Statsbygg will require the use of BIM in all their building pro-
jects. This is an important signal to the building industry both in Norway and 
abroad. Information stored in the BIM is important as basic information. It 
can potentially be used when calculating rents, for the maintenance strategy, 
and for internal analysis. The information can also be used as input for 
changes in work processes for Facility Management.  
 At the firm level, the analysis focuses on Statsbygg’s usage of the indica-
tors. In order to perform Life Cycle Costing analysis, Statsbygg’s collects 
data on a number of cost and performance indicators. The data from individ-
ual buildings are processed and compared with different building categories 
and between different types of costs. 
 Statsbygg believes that it is important to keep focus on the physical us-
age of energy rather than energy costs. The reason is that fluctuating energy 
prices might distort the benchmarking.  
 The new building at the University of Stavanger is not completed, and 
lessons are still being learned. On interesting aspect is how simple it will be 
to use information stored in the BIM to semi-automatically generate the in-
formation required to report to the national benchmarking networks. 

5.3 Creation of new university centre (Sweden) 

This case study explores how end users are managed in a construction pro-
ject, and what methods and tools are used when capturing and managing 
their requirements.  

The actual building, building parts and processes 

The project is located to southern Sweden, and is a re- and new build for a 
faculty in a university. The building contains offices, lecture halls, a cafeteria, 
a dry laboratory and a library. First people moved in the summer 2004. The 
study covers needs analysis, briefing, design, construction and FM and oc-
cupancy. The evaluation is performed by user, investor (university), local 
planner, project leader and architect. 

The applied assessment methods and tools in the processes 

In the early phases was the main purpose to create a common reference 
frame and a common language among end users, architects and technicians 
but also to show the possibilities of a new centre. This was performed with 
study tours, meetings and workshops. The end users participated to different 
working groups focusing on different aspects of the building. They received 
checklists from the local planner as a help in their work. The end users had 
an own project leader and a reference group with represents from teacher, 
researchers, students and administrative personnel. During the process, 
opinions were asked from students and staff. Every drawing or program was 
circulated to different departments for commenting. When the building was 
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finished about 15 following up meetings were held. No specific measuring of 
the fulfilment of requirements has been done after finishing. 

Cost and performance indicators applied in the assessments 

The company uses satisfied customer index (SCI) questionnaire for ran-
domly chosen end users, and perform limited number of interviews. They 
send out indoor climate questionnaires. The project arranged a parallel 
sketch competition for the design and they used two earlier university pro-
jects as a reference for formulating and evaluating competition documents. 
In this evaluation work they as well used a checklist from a KBS report. 
When the building was completed a meeting was arranged to feed forward 
lessons learned into a new project. 

Relation to different enterprises and national benchmarking 

The project lasted for a decade and not many people remember the whole 
process. The project had three project leaders from the real estate company, 
four local planners and two project leaders from end user organisation. The 
president of the university changed and also the chairman of the district. All 
most every person on every professional position changed during the pro-
ject. This was both a bad and a good thing; knowledge and information was 
lost and contact persons were changing but the changes brought in new mo-
tivated persons to the project and kept it alive and moving. 

Visions and innovation for future improvements 

The study tours were seen as very fruitful from all perspectives; end users 
tend to relate to what they have and therefore it is a need to increase their 
perspectives to be able to create more innovating and better suited build-
ings. 
 One of the real estate company represents believes that it would have 
been good if the company always were involved in an early phase of the pro-
ject. It is also very important that briefing includes visions of the future, but 
those are seldom clearly stated as goals in the briefs. The end users should 
have an organisation with a steering group that has rights to make decisions. 
Every department involved in the project should also have their own repre-
sent in the project group otherwise there is a risk for distrust. 

5.4 Nursery schools (Reykjanes municipality, Iceland) 

This case study describes key indicators from five nursery schools in the 
municipality Reykjanesbær Iceland. The cases create an interesting com-
parison between different schools from different times, but all in the same 
municipality. 

The actual building, building parts and processes 

The buildings are one-storied with different plans, but the main characteris-
tics are same. The houses are of different ages; and all three have been 
partly refurbished. 
 Holt (590 m2) was built in 1979 and renovated in year 2004 (see Figure 
below). Tjarnarsel (602 m2) was built at three time periods; 1967, 1983 and 
1999. Garðasel (821 m2) was built in 1974 and extended with employee 
room in 2007. It should be noted that number of kids per square meter is a 
fixed ratio, used to determine necessary size of the building in planning and 
design of nursery schools in Iceland. 
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Figure 22. Holt nursery school building. 

The applied assessment methods and tools in the processes 

Technical information regarding the buildings, the operation of the buildings 
and the core business were collected from the municipality. The municipality 
does not have a description of what they require, and it is up to municipality 
and consultants to decide this in each case. In this case, some indicators 
stand out as important for the municipality, while others are mainly of interest 
to the users. 

– The building and operation (Net floor area per child, energy use, 
operational cost) 

– The user (Type of materials, acoustics, spatial arrangement of the 
building) 

Cost and performance indicators applied in the assessments 

The case study included consideration of building and material performance, 
mainly as condition assessment and materials suitability. An overview of the 
answers shows that it was impossible to consider spatial functionality of the 
buildings. To conclude, the staff is mainly interested in surfaces that need 
frequent cleaning or are easily damaged (floorings and walls up to about 1.2 
m height) but no so much in e.g. ceiling materials. They had no interest to-
wards performance. Garðasel scored higher than the other two schools, 
possibly because personal room has been added that clearly is very impor-
tant to the staff. 
 Costs for daily operation (except wages) and maintenance were gathered 
for the last two years, 2006 and 2007. Table 4  includes average costs for 
two years in euro/m2. 
 
Table 4: Average costs (euro/m2) and energy consumptions (kWh/m2) from 2006-2007 in nursery 
schools. 

 

 
 
Distribution on and sizes of the different costs vary. Cleaning constitutes 50-
54% of the total costs, followed by maintenance with 22-32%. The total costs 
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are related to the building size. Apparently, energy use varies considerably 
between the buildings, even though that the climate is similar at all locations. 
It is quite clear that the result also shows considerable potential for better 
energy efficiency. In Iceland energy indicators are used to compare buildings 
within categories, but this is only done in limited cases. The facility owner 
discussed has not made such comparisons. 

Relation to different enterprises and national benchmarking 

This is the first study of its kind in Iceland. Benchmarking is not done to 
evaluate building qualities and performance in Iceland but the methodology 
used in the case study should be valuable for such evaluation. Benchmark-
ing in Iceland is so far very limited and mostly used in comparison of energy 
use and facility management, and then only in a very limited number. Na-
tional statistics are also limited. 

Visions and innovation for future improvements 

It has been very interesting to compare the results from discussion with the 
staff of three nursery homes, which mostly agree on what the important fac-
tors are. Many of the important additional aspects, such as thermal comfort 
and humidity, must be addressed at another time.  
 The case study shows also that there seems to be systematic faults in 
panning and designing nursery schools; some of the rooms are generally 
considered to small and material choices for flooring and walls are often in-
appropriate. As for now only the important aspects, which may be used as 
performance indicators, have been mapped but how to classify results or 
measure the performance as such has not been clarified so far. 
 Facility owners are beginning to show interest in comparison between 
cases, and the market is starting to understand the value of applying per-
formance indicators in planning and design. So far only the first steps have 
been taken, but this work is expected to grow in importance in near future. 

5.5 VGTU Laboratory Building (VGTU, Lithuania) 

This case study introduces a knowledge-based decision support system in a 
renovation project. It explains also evaluation of energy efficiency and quality 
of life after renovation has been completed. The results can be used in new 
housing projects. 

The actual building, building parts and processes 

The case is located to Vilnius Lithuania, containing a refurbishment of Labo-
ratory Building in Vilnius Gediminas Technical University (VGTU) (see Figure 
23). The site is in suburban and surrounded by VGTU university, residential 
housings and forest. The building was built up in 1971, and has several de-
partments and lecture halls. It has 1084 occupants and 219 rooms. The 
renovation was finished in 2004. 
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Figure 23. Laboratory Building of VGTU – before and after renovation. 

The applied assessments and tools in the processes 

The building has a pillar-column frame with concrete panel facades, that 
have severe damages in three-layer structure and junctures. The windows 
and entrance doors do not correspond to modern requirements, and both 
are replaced. Roofs are flat, and new coverings are added. Since the build-
ing is long, a new automated thermal unit was added to central heating sys-
tem. After renovation the heating adjusts to outside temperature and opera-
tion at varied time of day; heating system works according to the diminished 
temperature schedule when building is not occupied. Hence old mechanical 
air supply/removal systems were noisy and not energy efficient, new ventila-
tion system was installed. Additionally, electrical installations were renewed 
and new lines for computers were built. Additionally, illumination is also out-
of-date and has to be reconstructed. 
  The energy saving and quality of life indicators are used in eventually 
repair work and in the operation of the building. And due to the dissemina-
tion of information they can be a part of the planning and execution in com-
ing projects. Multiple criteria and quality of life analysis methods have been 
developed. 

Cost and performance indicators applied in the processes 

The refurbishment efficiency indicators and database for walls, windows, 
roof, etc. have been developed by VGTU experts. Based on those, Web-
based Building’s Refurbishment Knowledge and Devices Based Decision 
Support System (BR-KD-DSS) was developed. When using BR-KD-DSS, up 
to 100 000 alternative building refurbishments may be obtained. Following 
indicators have been used before renovation and in an inspection after hand 
over; energy saving (U-value (W/m²K), heating energy consumption 
(kWh/m²), quality of life (particle pollution, electromagnetic pollution, illumina-
tion, volume flow, air velocity, air temperature, relative humidity, dew point 
temperature, vibration impulse amplitudes) and refurbishment efficiency 
(price of refurbishment, etc.).  

The assessed indicators are documented and reported, and used in 
later phases of the construction and real estate processes. The indicators 
are the starting point to show whether there are or will be problems with indi-
cators at higher levels. 

Relation to different enterprises and national benchmarking 

The end result of renovation in Table 5 comprises structural unit and energy 
efficiency improvements. Different CREDIT information model indicators 
(1.2.2. Operation, 1.1.5. Construction of building, 3.4. Thermal comfort, 3.5. 
Air quality and health, 3.7. Acoustic climate, 4.4. Thermal quality, 4.5. Impact 
on air quality, 4.6. Lighting quality, 4.7. Acoustic quality) have been used in 
the national case study. Refurbishment efficiency indicators are used in the 
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design stage, and energy saving and quality of life indicators are used during 
the operational stage. The developed indicators and obtained experience 
can be used in other projects. 
 
Table 5: Renovation outcomes of the laboratory VGTU building. 

Structural unit U-value [W/m2K] 
 Before renovation After renovation 

Windows 2,5 1,16 
Walls 1,07 0,26 
Roof 0,8 0,3 

Doors 2,3 1,5 
Heating energy consumption [ kWh/m²a ] 

Before renovation  
2002 

After renovation 
2005/06

After renovation  
2006/07 

178 157 88 
 

Visions and innovation for future improvements 

European citizens spend over 90 % of their time in closed space, and there-
fore, health and comfort are important issues. It is also important to ensure 
quality of life in premises in order to improve productivity and reduce health 
care expenditures. We have plans for improvement the e-assessment meth-
ods and e-tools (this includes all step in an e-assessment process such as 
collecting and processing data and giving recommendations) for analysis of 
particle and electromagnetic pollution. We are under development of intelli-
gent systems designed to perform a few dedicated functions with real-time 
computing constraints, such as measure and analyse particle pollution and 
give concrete recommendation how decrease particle pollution in premises. 
 It is the opinion of VGTU that the experiences concerning design, multi 
criteria analysis and selection of most effective alternative of the projects 
should be spread to other clients in construction and real estate industry. By 
using digital alternative versions analysis VGTU contributes to the digital 
construction and real estate process.       
 On the other hand, CREDIT indicators give the client as well as the com-
panies' possibility to learn more about the effectiveness and quality of the 
executed work. And use the results in new projects.  The indicators can 
stimulate thinking about all the phases in the building process – from the 
idea and the first discussions to details in the project and further to work on 
the building site. Furthermore, the results can be used in connection with 
education and post education at the level of the individual companies and in 
workshops and conferences for several companies. 
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6 Shopping centre case studies 

This chapter describes two Finish case studies, that are focused indoor con-
ditions, and then Norwegian shopping centre case study targeted to per-
formance monitoring. The first two Finnish cases demonstrate how an active 
owner may pursue better indoor conditions through indoor air and energy ef-
ficiency-related measurements. Finally, the Norwegian case explains how to 
use performance management system for benchmarking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. Shopping centre case studies in CREDIT project. 

6.1 Shopping Centre 1 (Citycon, Finland) 

Shopping Centre 1 is owned by Citycon, an active owner and long-term de-
veloper of shopping centres. As a whole they own 33 shopping centres and 
50 other retail properties with property portfolio of 2,094.4 M€ (2008). They 
are accounted to 72.5% share in Finland, 22.2% in Sweden and 5.3% in the 
Baltic countries. 

The actual building, building parts and processes 

 
Shopping centre 1 in Figure 25 is lo-
cated to Helsinki metropolitan area.  
– Location: Helsinki Metropolitan 

area.  
– Car parks: 700 totally, 580 in-

doors 
– People living in the area: 103 000 
– Yearly buying power: 1,6 billion € 
– Year of construction: 1993 
– Number of visitors per year: 3 

000 000 
– Sales per year: 53 000 000 € 
– Leasable retail premises: 15 200 

m2 

– Gross leasable area (GLA): 17 
600 m2 

 
Figure 25. Outdoors from Shopping Centre 1.

Shopping centres
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In the centre, sales per visitor are 18,25 € that is above the median in upper 
quartile in national scale. Annual sales per leasable area embrace 4 322 
€/m2. Heat load varies because of the spotlights and other type of lighting. 
Additional cooling system has been installed on the customer’s expenses in-
cluding to the electricity bill. Tree shops; stationery shop, cosmetics and liq-
uor shop of one service area in the ventilation system were selected for near 
examination. 

The applied assessment methods and tools in the processes 

The study was carried out in two shopping centres, both located to Helsinki 
metropolitan area and focusing on indoor air conditions. The objective of the 
analysis was to verify the active heat loads. Results from other case study, 
Shopping Centre 2, are described in next section. The indoor environment 
studies were focused to the business spaces. The term indoor environment 
includes thermal conditions, indoor air quality, acoustic conditions and light-
ing conditions. 

Cost and performance indicators applied in the assessments 

Continuous measurements for a week in one service area (three shops) 
were performed three times (autumn 2008, spring 2009 and summer 2009). 
Measurements included: 
– Indoor air temperatures, CO2-concentration, relative humidity 
– Air supply and exhaust air temperatures, air flows in terminal devices 
– Electricity power monitoring 
–   Single measurements, carried out during one monitoring day 
– Control of air flow rates 
– Lighting level, illumination 
– Interviews of  shop managers 
 
The main topic in this study was to find correlations between the cooling need, 
indoor air quality and thermal comfort and electricity consumption – the results 
showed that further studies are needed to show the possible connection be-
cause of the problems in ventilation and cooling system. The measured air 
flow rates were lower than designed in every shop. This means that the venti-
lation system and balancing must be checked. Also the consumption of elec-
tricity showed some unexpected figures, which also means that the electricity 
consumption should be checked by more detailed way. 

The measurements showed that one can not find all the crucial infor-
mation from building automation system, and the reporting concept should 
be improved. This is not any single finding; it can be generalized concerning 
many similar facilities. The use of building automation system must be im-
proved to include the positioning and installation of sensors and meters, and 
also owner’s requirements should be set more detailed than now. Business 
space owners (shops) should also list better their requirements, and for ex-
ample on-line reading should be available for electricity consumption. 
Spaces should be classified to certain categories according to indoor condi-
tions. 

 
Business space specific KPIs  
– Indoor temperature and the sta-

bility of temperatures 
– Lighting 
– Temperature of supply air 
– Cooling temperature and cooling 

power 
– Air flow rates 
– Electricity consumption, heating 

energy consumption, water 
consumption (in general: utili-
ties consumption) 

– Air quality, CO2 
Facility specific KPIs 
– Electricity consumption, heating 

energy consumption, water con-
sumption (in general: utilities 
consumption) 

– Maintenance costs 
– Cleaning costs 
– Investment costs 
– Taxes, insurances etc 
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Relation to different enterprises and national benchmarking 

Citycon’s contribution in CREDIT project involves indoor air and energy effi-
ciency-related measurements in two shopping malls. The company has its 
own facility management and energy management system, yet not detailed 
enough to find out deviations, malfunctions or operation errors online. The 
main interest is to find relevant indicators that help to manage and control 
technical performance of real estates and share costs in proper way be-
tween customer shops. The level and type of existing building automation 
system varies depending on the target. The third goal was to analyze 
changes needed (sensors etc) in order to improve the facility management 
and reporting. 
 There are no general information dealing with shopping malls available, 
and also the generally accepted performance level classification and indoor 
conditions ranking are missing. Therefore, various retail chains and shop-
ping mall owners have own not public procedures. The building codes and 
indoor air classification determine the general requirements. 

Visions and innovation for future improvements 

The background of the case study was the owner’s interest to direct electric-
ity costs by righteous way between the customer shops and to create incen-
tives in optimizing indoor conditions and energy costs. The main topic was to 
find correlations between the cooling need, indoor air quality and thermal 
comfort and electricity consumption – the results showed that further studies 
are needed to show the possible connection because of the problems in 
ventilation and cooling system. The essential Key Performance Indicators for 
indoor conditions have been suggested. 

In the enterprise level it is obvious that existing building automation 
system should generate information real-time information with reports (in-
door conditions, energy consumption). The enterprises should also create 
KPI`s which relevant to be used in internal benchmarking. 
  In national level there is lack of public data, which partially is caused 
by competition related things. To determine the key performance indicators 
in the level of single spaces is not any unambiguous task in the shopping 
centres. The needs of the shops are different and performance of the sys-
tems must be mirrored against the required values. According to results, key 
issue for the owner is to optimize the cooling and share the costs in proper 
way. 
  Based on the results a procedure can be created for monitoring and 
increasing the shops activity control for their utility consumption. In the fu-
ture, also reflections to key performance indicators (KPI`s) and the validity of 
these KPI`s should be discussed. The results showed need for adjustments 
for ventilation system and cooling convectors. The systems should be bal-
anced in order to operate correct way. Probably same type of problems oc-
curs in other shopping centres. Also the “owner’s requirements” should be 
set more detailed than at the moment. In shopping centres the building 
commissioning (Cx) procedure could be beneficial if it would be used. 

6.2 Shopping Centre 2 (Citycon, Finland) 

This and earlier case study are both owned by Citycon, an active owner and 
long-term developer of shopping centres. The company takes into account 
environmental interests and the wellbeing in the areas surrounding its retail 
properties, and is currently the market leader in the Finnish shopping centre 
business. It has 22 shopping centres in Finland, eight in Sweden, two in Es-
tonia and one in Lithuania. 
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The actual building, building parts and processes 

General characteristics in shopping centre 2 are (Figure 26.): 
– Location: Helsinki Metropolitan 

area 
– Car parks: 1 400 totally, 1 100 in-

doors 
– People living in the area of influ-

ence: 93 000 
– Yearly buying power in the area 

of influence: 1,3 billion € 

– Year of construction: 1994 
– Number of visitors per year: 6 

900 000 
– Sales per year: 157 200 000 € 
– Leasable retail premises: 33 000 

m2 
– Gross leasable area (GLA): 42 

000 m2

In the shopping centre 2, sales per 
visitor are 22,78 €, that is above the 
median value in upper quartile in na-
tional scale. When annual sales are 
compared to leasable area those 
embrace 4 764 €/m2. 

Three shops were chosen to 
measurements in the same service 
area of ventilation system; clothing 
store for men, shoe shop, and cloth-
ing store for women. Two shops 
have an additional cooling system 
(including to the electricity bill), and 
heat load varies because of various 
lighting power. 

 
Figure 26. Shopping centre 2 in Helsinki metro-
politan area.

The applied assessment methods and tools in the processes 

The indoor environment studies will be focused to the business spaces of 
shopping centres. The term indoor environment includes thermal conditions, 
the quality of indoor air, acoustic conditions and lighting conditions. The 
measurements will be mirrored by performance key indicators. 
 The aim is to manage and control the heat load and energy use is busi-
ness areas. The correlation between the active heat load and electric power 
will be determined, and the passive part of heat load by certain measure-
ments, as ventilation measurements.  
 The study has been carried out in two shopping centres, both located to 
Helsinki metropolitan area. The objective of the analysis of results is to verify 
the active heat loads. The main goal was same in both cases, to find the 
possible connection between cooling load electricity and other factors. 

Cost and performance indicators applied in the assessments 

Three sets of continuous measurements in one service area for a week were 
carried out on following indicators (autumn 2008, March 2009, June 2009): 
– Indoor air temperatures, CO2-concentration, relative humidity 
– Supply and exhaust air temperatures, air flows in terminal devices 
– Single measurements, carried out during one monitoring day 
– Control of air flow rates 
– Lighting level, illumination 
– Interviews of  shop managers 
 
After the first measurement period some preliminary evaluation based on re-
sults was done. First period results show how the indoor air conditions de-
pend on internal loads and type of the shop. The women’s clothing shop had 
a weaker lighting than other clothing shops. However, the indoor tempera-
tures were higher than in other shops. The general lighting is from 1995. 
 Hence, the number of customers and their average staying time in shop is 
also influenced by indoor conditions and shop type. The second set of 
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measurements followed the previous, and third period was carried out in the 
summer conditions. Consumption of electricity did not vary significantly be-
tween the periods. Interestingly, the night consumptions vary for example in 
the shoe shop the night consumption in summer is triple compared with the 
spring. Overalls, the building services and ventilation systems performed 
well, but for instance the insufficient function of cooling convectors might 
cause the temperature increase during the rush hours. In some cases the 
actual costs distribution depends also on the booking system – how to or-
ganize the maintenance costs, investment costs etc. 
 
Business space specific KPIs 
– Indoor temperature and the sta-

bility of temperatures 
– Lighting 
– Temperature of supplied air 
– Cooling temperature and cooling 

power 
– Air flow rates 
– Electricity consumption, heating 

energy consumption, water con-
sumption (in general: utilities 
consumption) 

– Air quality, CO2 

Facility specific KPIs 
– Electricity consumption, heating 

energy consumption, water con-
sumption (in general: utilities 
consumption) 

– Maintenance costs 
– Cleaning costs 
– Investment costs 
– Taxes, insurances etc

Relation to different enterprises and national benchmarking 

Citycon’s contribution in CREDIT project involves indoor air and energy effi-
ciency-related measurements carried out during the autumn season 2008 
and winter/spring season 2009 in two shopping malls. The company has its 
own facility management and energy management system, yet not detailed 
enough to find out some deviations, malfunctions or operation errors online. 
The main interest of the participant is to find relevant indicators to manage 
and control technical performance of real estates and also share the costs 
by proper way between the customer shops in both centres.  
 There are no general information dealing with shopping malls available – 
also the generally accepted performance level classification and indoor con-
ditions ranking is missing, but various retail chains and shopping mall own-
ers have their own procedures and concepts, but in most of the cases these 
concepts are not public. The building codes and indoor air classification de-
termine the general requirements, but e.g. the overall commissioning (Cx) 
(Pietiläinen et al 2007) procedures are not in use at the moment. 

Visions and innovation for future improvements 

The background of the case study was the owner’s interest to direct electric-
ity costs by righteous way between the customer shops and to create incen-
tives in optimizing indoor conditions and energy costs. The main topic was to 
find correlations between the cooling need, indoor air quality and thermal 
comfort and electricity consumption – the results showed that further studies 
are needed to show the possible connection because of the problems in 
ventilation and cooling system and similar defects also occurred at other 
Citycon’s shopping centre. The essential Key Performance Indicators for in-
door conditions have been suggested. 

In the enterprise level it is obvious that existing building automation 
system should generate information real-time information with reports (in-
door conditions, energy consumption). The enterprises should also create 
KPI`s which relevant to be used in internal benchmarking. 
  In national level there is lack of public data, which partially is caused 
by competition related things. To determine the key performance indicators 
in the level of single spaces is not any unambiguous task in the shopping 
centres. The needs of the shops are different and performance of the sys-
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tems must be mirrored against the required values. According to results, key 
issue for the owner is to optimize the cooling and share the costs in proper 
way. 
 Based on the results a procedure can be created for monitoring and 
increasing the shops activity control for their utility consumption. In the fu-
ture, also reflections to key performance indicators (KPI`s) and the validity of 
these KPI`s should be discussed. The results showed need for adjustments 
for ventilation system and cooling convectors. The systems should be bal-
anced in order to operate correct way. Probably same type of problems oc-
curs in other shopping centres. Also the “owner’s requirements” should be 
set more detailed than at the moment. In shopping centres the building 
commissioning (Cx) procedure could be beneficial if it would be used. 

6.3 Stortovet shopping centre (Skanska, Norway) 

This case study describes the usage of key indicators in Stortorvet kjøpe-
senter in Kongsberg, an addition designed to the existing shopping centre. It 
focuses on the KPIs relevant for FM. and addresses questions how data and 
information is collected, managed, evaluated and used. 

The actual building, building parts and processes 

Stortorvet Shopping Centre (Figure 27) has 75 different shops. Facts about 
the building and actors: 
- Owner: Kongsberg Utvikling AS 
- End user: Kongsberg Utvikling  
    AS 
- Main contractor: Skanska 
- Contract Value: 185 MNOK 

- Size: 10 000 m2 shopping area 
- Type of contract: Design build 
- Procurement method: Negotiated 
-   Schedule: February 2006 –  
    October 2007 
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Figure 27. Stortovet shopping centre, drawing. 

The applied assessment methods and tools in the processes 

All main contractors (Skanska) projects use Falk management system. This 
is a very useful tool, both for collecting data and continuous assessments. In 
addition to the Falk, project always makes final project report which de-
scribes its process, experiences and special conditions. Falk is an internal 
system, and includes information reported with different frequencies: 

- Economic progress is reported per month. 
- Health, Environment and safety incidents are continuously reported. 
- The client fills out a standardised template form when the project is fi-

nalized. . 
- The final project report is used as a guideline for new projects, but is 

not meant to be used as something to be carbon copied. 
- The Falk system uses filters that information can be shown according 

to context/perspective (enterprise, project management, type of build-
ing). 

- Falk is used by management, geographical regions, and country. 
- However, information to the project management is provided from the 

accounting system.  
- Benchmarking is done in relation to progress and quantitative meas-

ures of technical drawings. 
- The client wants to measure Skanska based on physical aspects of 

the building actually delivered (for instance air flow through ventilation 
channels). 

Cost and performance indicators applied in the assessments 

Skanska has supplied information in a separate questionnaire. Looking at 
the information provided for “Stortorvet” the following main indicators are 
recognized: 

- Capital investment, construc-
tion and commissioning cost 

- Location and address  
- Usability and adjustability 
- Safety 

- Durability 
- Thermal quality 
- Impact on air quality 
- Lightning quality 
- Acoustic quality.

 
Skanska has objectives and key numbers at both a company level and a 
project level.  
 



 

73 

The company level key indicators are: 
- Economy 

o EBIT 
o Not paid receivables 
o Cash flow situation 
o Profitability 
o Order reserve (12 months) 

- Market 
o Customer satisfaction 

- Organisation and employees 
o Total sick leave 
o Internal HR-survey 

- Operation effectiveness and health / environment / safety 
o Injuries with absence (two different categories) 
o Waste sorting (%) 

- Production and services 
 
The project level key indicators are: 

- Economy 
o Final prediction 
o Unforeseen / not paid receivables 
o Balance 

- Staff 
o Total absence 
o Numbers of administrative staff 
o Number of workers / craftsmen 

- Health / environment / safety 
o Injuries with absence 
o Injuries without absence 
o Reports about unwanted incidents 
o Safe job analysis 
o Waste sorting (%) 

- Production and services 
o Loyalty using Startbank (supplier register in the construction in-

dustry) 
o Zero defects 

- Customers 
o Customer satisfactionRelation to different enterprises and na-

tional benchmarking 
 
Skanska Norway is mostly acting as a large contractor, but sometimes it also 
has the role of being a client (Skanska Residential Development Nordic). It 
has contributed in the Credit project with filling out two forms describing 
which indicators they see as most important – depending on the role taken 
as a contractor or a client. 
 Falk is built to gather and report all information that Skanska Norway is 
required to deliver in relation to its construction projects. The traditional ap-
proach has been to communicate directly with other project managers, for 
instance when they have been in contact with the same client earlier. It can 
be difficult to compare projects at a national level because of heterogeneity 
in building types, performance requirements and external demands. 
 One of Skanska’s main contributions to national benchmarking has been 
participation to the Norwegian research project “Benchmarking in Construc-
tion 2”. However, data gathering in this research project took place before 
the Falk system was operational (2001-2006) and had its main concern with 
blocks-of-flats. 

Visions and innovation for future improvements 

All projects in Skanska use the Falk management system. Today, the advan-
tages with the Falk system are mostly for the management level. The project 
manager contributes a lot of data to the system, but does not yet use it for 
his/her own needs. It is expected that the clients in the future will demand 
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more detailed and frequent information when it comes to safety and envi-
ronmental aspects. 
    The Falk system would be ideal for internal and external benchmarking 
of Skanska at different levels. As a large organisation, Skanska could get 
valuable results purely based on internal data and cross-project/region 
benchmarking. 
 In the near future the project part will be further developed, and the KPI’s 
will be compared within project types (today the comparison is independent 
of project type). Adding more historic information into the system is desir-
able. It could be beneficial to measure customer satisfaction more than one 
time during the project. Skanska Norway wants better measuring of team 
processes, sub-contractors (not measured today) and more information rele-
vant for early warnings. 
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7 Hospital case study 

Hospital case study chapter introduces to us a case from Sweden; repre-
senting outstanding results what happened when more responsibility in the 
building development was given to users. 

7.1 End-user participation in new and rebuild of hospital 
(Sweden) 

This case study presents an end user driven project for creation of a new 
centre in hospital environment. In general, hospital projects are highly inter-
dependent and challenging environment, and therefore, more cooperation is 
called from the professionals and the end users. In this case, the end user 
project leader had to take a bigger responsibility than usually, and study 
highlights difficulties in managing the end users, organisational changes and 
creating a working communication in construction project. 

The actual building, building parts and processes 

This case illustrates a building project where the end users had to take a 
bigger responsibility than normal. The operation in the hospital was ongoing 
during the whole project, which makes the circumstances complicated. The 
study covers needs analysis, briefing, design and construction. Description 
of the building and project: 

 The project is located in the south of Sweden.  
o New build 7 000 m2, construction start August 2005 
o Rebuild 11 700 m2, construction start March 2007 

 The building is a hospital with the following functions 
o Casualty department, care institutional rooms, research cen-

tre, operation theatre, sampling rooms, offices   
 The first thoughts of the project were born in the mid 1980s but was 

delayed, due to political prioritizing and started first in 1997.  
 Opening ceremony will be in September, 2009  
 Project cost 350 MSEK 

The applied assessments and tools in the processes 

  
The project was organised in the early phases by manager of users and end 
user leader. In the later phases the end user project leader had to manage 
without a manager of end users. In the briefing and design, the first goal for 
the manager of end user was to make people believe in the project, to en-
thusiasm them and make them understand that their contribution matters. 
 The end user project leader holds everything. Along the space related 
questions were moving related questions discussed.  A lot of time was spent 
on making the end users see the bigger picture of their situation. The work-
ing groups were supported by the end user project leader and the architect 
and when needed experts were contacted to give advices and opinions. The 
end user project leader found it very helpful to have the architect connected 
in an early phase. 
 Multiple method were used in the case study. Study tours (nine per-
formed) were adapted to the phase; first tour gave a broader view of the or-
ganisation, and later in the process tours considered details like interior solu-
tions. Study tours were experienced positively among all participants; end 
users saw that the organisation was investing in them. During the whole pro-
ject, the end user project leader has written weekly letters to the end user 
organisation. A showroom was built up so that the end users could try and 
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evaluate its functionality in a questionnaire.  Patients and visitors were not 
involved or consulted in the project. 
 The end user project leader participated in construction site meetings dur-
ing the whole process. He experienced that barriers had to be crossed to 
understand the social and cultural nature of the meetings. Changes within 
the hospital organisation affected the project as well, and in 2007 divisions 
started working with lean production. In this case, exchange of knowledge 
was done in monthly project meetings during the project. During the meet-
ings were end user changed requirements and operation management ques-
tions discussed. This can be seen as a form of knowledge sharing among 
the participants. 

Cost and performance indicators applied in the processes 

 The company does not measure the proposed items like indicators. A real 
estate manager have studied the list and pointed out indicators of interest.  
 For calculating building performance and indoor environment the com-

pany is involved in a national hospital program called “Teknisk stan-
dard”. 

 Facility performance and performance in use: considered in the early 
phase (pre-study).  

 Resource control and project management: The company follows-up, 
when needed, how much time the project manager is putting on the pro-
jects.  

 User involvement and cooperation: The end users are always involved in 
steering comities, reference groups and trade union. 

 Resource use: they are mainly concerned about the media consumption. 
They use an “Excel media” tool for every building in use. The data is 
used both in property management and when designing new buildings.  

 
The real estate manager is missing one post that they are very concerned 
about - project account of economical issues. The company can analyse the 
projects on a monthly basis and four time a year are forecasts performed of 
the project budget. This is very important for the company though the proc-
ess to initiate a project is quite long and involves a number of stakeholders. 
 The company is following up costs at project closure and after 6 month of 
occupancy they make a customer evaluation where softer issues are dis-
cussed. Currently they need new questionnaire for this, because existing 
ones are considered inappropriate for both new building and renovation. 

Relation to different enterprises and national benchmarking 

The company is a real estate company for hospitals in the south of Sweden. 
It is a part of a larger cooperation with the assignment of being a strategic 
partner in building related questions. 

Visions and innovation for future improvements 

Hospital projects are highly complicated, and success may depend on social 
skills in the decision making process. When involving end users it is impor-
tant that the prerequisites are known. Organisational questions have to be 
clear also to the end users. They prefer having one contact person instead 
of many during the whole project. Otherwise, it is one of the crucial charac-
teristics that person with good social and communication skills manages the 
end users that represent different parts of the organisation. When communi-
cating with end users, it was found important to try being a half step before 
the end users, especially when considering and describing functional space 
solutions. In relation to earlier, all parties should understand the needs of 
each other and be willing to collaborate. During the project it was noted that 
when end users were met with negative attitude, they also responded in the 
same way. 
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 Methods used when involving end users were; study tours, working 
groups, weekly letters, different meetings, a strong vision to follow and show 
rooms. Many development ideas were gathered and for example parties 
wished for a knowledge transfer system. Lots of knowledge exists in the 
heads of the people, explains the manager of end users. 
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8 Discussion and conclusion 

The purpose of work package 5 has been to test the assessment tools and 
key performance indicators in case studies in Nordic and Baltic countries. 
However, the focus of the case studies in Denmark, Norway, Sweden, 
Finland, Iceland, Estonia and Lithuania turned out to be slightly different. 
Finnish cases concentrated to measuring key performance indicators in en-
terprises and testing multiple rating systems. Swedish cases emphasized 
methods for capturing end-user needs. Benchmarking systems have been 
the focus in Danish cases, and enterprise level tool implementations in Nor-
wegian case studies. This report summarizes 28 case studies addressing 
the common interest in indicators. Figure 28. shows their distribution to dif-
ferent building types 

– Benchmarking systems and indicators (4 case studies) 
– Offices (7 case studies) 
– Housing (8 case studies) 
– School and nursery (5 case studies) 
– Shopping centres (3 case studies) 
– Hospital (1 case study) 

  
 

 
Figure 28. Cases included to Report 3 structured according to countries and building types. 

 
 There are already some good practices for benchmarking in large scale. 
Danish Benchmarking Centre (BEC) provides a web tool for addressing 
process indicators, such as time, accidents, productivity, and customer satis-
faction to process. On the other hand, Investment Property Databank (IPD) 
publishes annual indices focused to investments and use of building col-
lected from thousands of buildings, but yet building performance indicators 
are not included. 
 At the moment, front-runner enterprises are recognizing the potential of 
benchmarking for business purposes. If the building is rated to the best 
class, also the interest increases from investor and building owner perspec-
tive. There are also national and international environmental rating systems 
in the market, for example PromisE classification is used by large building 
owners in Finland. 
 Some of the frontline owners have already interest to use range of cost 
and performance indicators in daily operations. Senate Properties in Finland 
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and Statsbygg in Norway are addressing costs, energy efficiency and in-
vestment process with indicators through all their projects. Interestingly indi-
cators offer a way to improve property portfolio management. Altogether, it 
seems that systematic procedures are needed for evaluating performance 
and compliance to end result to needs. When doing so, the set of indicators 
collected should not be too large. 
 There is no commonly agreed or standardized global or European Key 
Performance Indicator system, but some national and international rating 
schemes are available. During the past five years the number of rated build-
ings has grown greatly, and is seems that LEED and BREEAM are strong 
candidates to international investors. These systems are typically developed 
for certain market, and are highlighting certain perspectives such as envi-
ronmental values and sustainability. The prominent solutions for benchmark-
ing are now getting stronger than ever and motivation for using those is also 
increasing. One of the case enterprises, NCC, one of the largest contractors 
in Nordic Countries, has chosen BREEAM as their rating scheme. 
 Signals from the market are showing paradigm shift towards more active 
end user involvement to projects. For example public housing in Denmark 
involves tenants more actively to project development. Good experiences 
show that it is important to hear the voice of tenants, but we should agree on 
systematic methods for involving end users and making continuous monitor-
ing of their satisfaction. Post Occupancy Evaluation (POE) helps to capture 
user perceptions in existing buildings. In Sweden, one promising method 
used for collecting annual tenant satisfaction monitoring is Satisfied Cus-
tomer Index (SCI). When committing end users, they need help in order to 
be able to contribute in value adding way thought the project implementa-
tion. Few cases have built bridges between designer and end user with 
study tours and changes the way how site meetings are organized. Experi-
ences from joint ambition development are also very promising.  
 The results from testing user friendly application developed in CREDIT 
project to map user preferences in office spaces are very interesting. The 
application presented a unique combination of textual survey and visual ap-
proach. The results from small scale testing were very promising. There 
seems to be strong need for this kind of new tools, and therefore, it has po-
tential for further development. 
 Workplace management enhances office design through tailoring spaces 
better to end user needs. The basic question here is how to develop spaces 
to meet organizational needs. This may often culminate to the question 
whether the space layout follows cell offices or open layout, or is it using a 
mixture of both. Senate Properties in Finland is developing services for cus-
tomers who want to develop their space use; for example if they need to im-
prove space efficiency, or make organizational change and they wish to do it 
strategically where spaces are as an important asset. Promising results from 
this were shown in Lappeenranta office building. 
 National and international indicator systems do not cover all important 
business matters, and therefore, companies are developing their own sys-
tems. Skanska, one of largest construction companies in Norway, has been 
developing FALK system to help them to see progress with measuring e.g. 
safety, resource use, quality and environmental impacts. Citycon is a market 
leading shopping centre owner in Finland and operating in Nordic and Baltic 
countries. They have strong interest monitor indoor conditions and provide 
better indoor environment. Yet this monitoring information for indoor envi-
ronment is not available. In the future, building automation systems could 
provide real-time possibility for monitoring performance indicators and pa-
rameters continuously throughout the lifecycle a real estate and contribute 
performance changes automatically. Indoor environment is important in 
shopping centres, and performance level for spaces is an opportunity to 
owner to enhance cash flow through rental agreements. 
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 According to findings, organizations are looking for an indicator system 
that could help them to measure and enhance performance of buildings. Ap-
parently some indicators are more important than others. In many countries 
regulations for accessibility have also become tighter. Location is still the 
core driver for offices and shopping centres, but common interest with own-
ers is growing also towards operations and reducing annual consumptions, 
like heating, water, electricity, maintenance costs. However, based on find-
ings in CREDIT case studies, it is hard to balance the trade-off between 
building performance, process development, and better usability. In relation 
to earlier, better indoor conditions require better automation system that in 
turn increases the electricity consumption. There is lot potential to improve 
energy efficiency of buildings, especially in renovation, and schools and 
nurseries. In Denmark this is furthered by directions with currently mandatory 
energy label for university buildings. 
 Indicator systems should be implemented in tools to encourage their use 
in projects. At the moment, the process of assessing indicator is rather man-
ual. This problem is addressed in Norwegian and Finnish cases, emphasiz-
ing the use Building Information Models (BIMs) as a tool for managing in 
more automated way indicators along with the building data. For example 
building gross floor areas of spaces may be used as a baseline for indicators 
utilizing that information.  
 Based on findings in CREDIT project, offices and shopping centres are 
most attracting building types in terms of benchmarking. The larger and 
complicated the case is, the more potential there is for benchmarking. How-
ever, the growing size and increasing complexity also bring challenges. En-
terprises are at the moment benchmarking indicators to some extent but sys-
tematic process has not yet been developed. Industry needs also a uniform 
indicator system that considers also building performance and value crea-
tion. CREDIT project has made a contribution to this and increased under-
standing on indicators and transparency through testing performance and 
value driven CREDIT indicator framework. Now the first steps towards cross-
border benchmarking have been taken, and industry needs more research 
on this matter. 




