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1 INTRODUCTION 

The complexity of building technology has grown in recent years due to rising technical 
requirements. Especially non-residential buildings are equipped with various compositions of 
building technology systems including different producers and different providing systems for room 
comfort. Because of this complexity, an energy-efficient operation of buildings is often not achieved. 
A gap in building performance occurs that is not caused by a lack of technology or conceptual 
intelligence but by a lack of quality. Nevertheless energy and economic efficiency targets in building 
operation still have to be met. That’s why this gap needs to be closed. The goal of Quantum project is 
to develop and demonstrate pragmatic services and appropriate tools with high replication potential 
supporting quality management for building performance in the design, construction, commissioning 
and operation stage as a means to close the gap in European buildings. 

The first step of this project is to create a comprehensive data base about the detailed issues of the 
gap problem and knowledge about what quality management is and how it is currently used within 
construction projects in Europe. Therefore this report will represent the understanding of quality 
management issues within Quantum and gives a first research summary of what the state-of-the art 
of quality management in Europe is. 

This report starts by defining the term “quality” within the Quantum project in chapter 2 and 
explaining the quality gaps that exist in construction projects with analyzing their reasons in chapter 
3. Based on these fundamentals chapter 4 gives a summary of already existing solutions to close the 
quality gaps in construction projects by analysing existing laws, guidelines and services that are used 
in project practice within Europe. Chapter 5 summarizes the output of chapter 4 by defining what the 
state-of-the-art of quality management in Europe is from the Quantum project point of view. 
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2 DEFINITION OF QUALITY WITHIN QUANTUM 

Quality can be defined in different ways. To better understand what is meant using the term 
“quality” within Quantum this chapter shows different definitions of quality from literature and 
points out which one can be seen as basis for the Quantum project. 

Garvin gives a brief and exhausted summary of definitions of quality with his paper “What does 
product quality really means?”. He figures out five different approaches defining quality: 

The first one is the transcendent approach which focuses on a philosophical point of view. Under this 
approach quality cannot be generally defined because it might be a subjective feeling of what is a 
high standard for a product. The knowledge about good quality can only be gained through 
experiences of people. That’s why the definition of what quality is can be different from person to 
person. This approach is related to Plato´s discussion of beauty.1 

The second product-based approach is completely the opposite point of view that comes from 
economics. Following this approach quality can be described precisely because it relates to some 
quantity of ingredients or attributes of a product.2 A photo for example consists of many small 
coloured dots. If there are a high number of dots per inch the photo has a high quality. With this 
relation quality gets measurable. 

The third approach is user-based. From the users point of view quality depends on their individual 
needs or expectations. The product that correspond the most to their preferences is evaluated as the 
one with highest quality. On the one hand this approach is comparable to the transcendent approach 
because it is a very subjective estimation that depends on the person. On the other hand it is a 
different point of view because the estimation is not based on feelings but on attributes of a product. 
This approach is often used in the marketing field of economy or operations management to 
maximize consumer satisfaction.3 

As fourth approach Garvin points out the manufacturing-based approach that focuses on objective 
specifications of a product. In this case good quality of a product depends on level of compliance 
with these objective specifications. In contrast of user-based definitions of quality that evaluates 
subjective user criteria the manufacturing-based approach focuses on the objective side of supplier. 
The definition of quality is based on the design of a product where objective quality criteria for 
product attributes are specified. High quality is achieved if a high number of specifications are 
reached within the finished product.4 

With the value-based approach at least the manufacturing-based approach is expanded by 
dependence of quality from costs and prices. High quality is achieved if a product fits the objective 
specification at an acceptable price or acceptable cost. Garvin gives the following example: “A 500 
dollars running shoe, no matter how well constructed, could not be a quality product, for it would 
find few buyers.” 5 This approach stays in conflict with the user-based approach where a higher price 
will be accepted if the individual expectations are highly reached and with the product-based 
approach where it was pointed out that a “higher quality can only be obtained at higher cost” 6. 

The idea of the term “quality” within Quantum uses the product- and manufacturing-based 
approach. That means that the level of quality of a building or a technical system within a building 
can be determined depending on objective criteria which is defined by the design of the building or 
technical system that are coming from specific attributes. With this definition quality is measurable 
and can be seen as deviation from a specific criterion from the defined requirement7. In construction 
projects high quality is achieved if the finished building or the finished technical system within the 
building fits a high level of the most specifications from the design. Taking energy consumption as 
example quality is high if the measured energy consumption is the same as predicted energy 
consumption. 
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3 THE QUALITY GAP 

Defining quality levels in dependence of the amount of deviation between a planned and an actual 
value leads to the definition of the quality gap. Low level of quality can be seen as high amount of 
deviation which can be interpreted as gap. This chapter will at first give a brief description how the 
process of construction projects is deemed within the Quantum project. On this basis it will be 
analyzed between which steps the gaps in construction projects exist and which approaches to 
handle them will be developed within Quantum. In the end of this chapter there will be a conclusion 
with experiences from all project partners about the reasons for these gaps. 

3.1 Construction projects process 
Generally a construction project for complex non-residential buildings consists of five project stages 
(Figure 3-1) with three important milestones. At first the design of the building and its related 
technical equipment is developed and leads to building permit in the end. In this stage mostly 
engineers and architects as designers and building owner are participating project actors. Second 
part of the project is the engineering stage where the design is detailed by the engineers and 
architects to have comprehensive tendering documents. Those are used by the owner to hire a 
constructor. During the construction stage the building is constructed based on the designs of 
architects and engineers who are supervisors in the name of the owner during this part of the 
project. Sometimes the hired engineers that supervise here are different from the ones designing 
and engineering the building. Especially within complex building projects commissioning is the last 
part of construction stage. After having built the technical systems in a building their functions are 
tested under real conditions to get the building running. In the end building and technical equipment 
should be finished with defined quality at hand-over between constructor and owner. The designers 
as supervisors are part of this procedure as well. After hand-over the building is used by the owner or 
user in operation stage. Often the owner/user hires a facility manager to operate the complex 
building. Because people change during the process and it’s a complex process to organize their 
occur quality gaps in between which are described in chapter 3.2. 

 

 
Figure 3-1: Project stages and actors of a construction project 

Source: IGS 

3.2 Classification of gaps 
From Quantum´s point of view there are two approaches to classify gaps. On the one hand they can 
be described by the construction stages between whom they exist (approach 1). Under this approach 
a quality gap occur between two different project steps. The following gaps have been figured out 
and will directly be addressed within the Quantum project: 
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 gap 1: between design concept and tendering 

 gap 2: between tendering and hand-over 

 gap 3: between commissioning and operation 

 gap 4: between design and operation 

Figure 3-2 gives an overview of these gaps. The highest risk for a gap exists at tendering between 
engineering/construction and at hand-over between construction/operation because these are 
critical points where project actors change. At these points quality of the process strongly depends 
on coordination of interfaces. 

 
Figure 3-2: Quality gaps 

Source: IGS 

On the other hand gaps can be content-related. In this case they show which building topic is 
addressed by the gap (approach 2). Focusing on this approach there are three categories of gaps 
addressed within Quantum: 

A gap can be 

 between predicted and measured energy consumption, 

 between comfort requirements and perceived comfort as well as 

 designed and actual technical functions. 

Aggregation of all of these gap categories to a complete concept of quality management leads to a 
summarized concept of building performance. In this case quality can be seen as deviation between 
designed and measured building performance. The gaps from approach 2 can be classified with those 
gaps from approach 1. For example gap 4 between design and operation can be shown with a 
deviation between predicted and measured energy consumption as well as it can be shown by 
discrepancy between target values of comfort and measured comfort issues. 

This chapter has shown which gaps exist from Quantum´s point of view. To find solutions of solving 
the gap problem it needs to be figured out where these gaps come from. A deeper analysis of 
reasons for the lack of quality should help finding approaches. Therefore chapter 3.3 shows the 
according research results. 
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3.3 Reasons for the lack of quality 
Design, construction and operation of buildings is a complex process in which many people are 
involved. Considering all stages of the building life cycle, different persons could be responsible for 
several steps and parts. This could lead to a lack of information exchanges between different steps 
and stages, for example from the design to the commissioning stages, or even from design to the 
installation ones. 

Following chapters summarize the survey accomplished by all QUANTUM project partners. The 
survey target was to determine the main reasons for the lack of quality in different stages of building 
life cycle. Basically from the quality management of building performance perspective, the life cycle 
can be divided in three stages: design, construction and operation of the building. These stages are 
closely connected with each other and many actions are overlapping. 

 

 
Figure 3-3: Reasons for the lack of quality 

Source: IGS 

3.3.1 Design Stage 
In design stage the basic needs of an investor is given to designers who will process the building 
design mostly from the basic concept to detailed documentation. Designers’ role is to invent 
functional building which will satisfy needs of an investor. The correct design of the building has to be 
based on a good specification of investors’ needs, appropriate design of building shape, building 
envelope, building services and control systems and good cooperation between all specialists from all 
stages of the building life cycle. 
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Wrong understanding of client needs, poor client brief 

Often the client have not enough competence to understand what the real building design objectives 
are. Sometimes his/her decisions, if not fixed by responsible designers, affect design objectives and 
project requirements. For example client can ask to provide summer indoor air temperature of 19°C, 
which is way out of any thermal comfort recommendation. Actually what the client wanted was high 
cooling power to quickly cool down the building. 

Procuring Client has a poor understanding or expression of the end-user activities and needs for the 
building. Even when part of the same legal entity, "procuring" Clients are rarely directly linked to 
"occupying" Clients of the space, and too frequently little early stage work to properly understand 
the needs and processes of those intended to use the space are undertaken. As such, the original 
Client brief is commonly not a good reflection of the real needs, and thereby the whole process 
'starts in the wrong place'. 

Poor design team collaboration & development 

Design Teams fail to truly integrate and consider each other's overlapping priorities for the design of 
the spaces. Poor design team integration leads the design process to become disaggregated, with 
services engineers then effectively having to solve problems created by the architects (as opposed to 
the team collectively designing out the problems where they can). This leads to more highly serviced 
buildings than necessary and consequently more scope for system inefficiencies. 

Planning is often built on design values. Part load behaviour is hardly considered; it has been 
experienced that the technical description of building service systems regularly describes individual 
systems, but not the composition of different systems. This is often done by measuring and control 
technology company and not by the designer. Deviations in planning of building service systems 
between technical descriptions done by planning offices and functional descriptions done by building 
automatization companies has been also observed many times. 

Missing of specific planner for controls and functional specification of systems 

Sometimes certain components for systems controls result in missing in the design and so in the 
installation stage (e.g. needed sensors, actuator, Programmable Logic Controllers - PLCs). This could 
be due to a lack of knowledge in the specific field. The commissioning agent is often hired only to do 
commissioning on the completed building - and not in the design stage. This will not prevent any 
faults in the design stage, where most of the problems occur. 

If a specialized planner is not involved in the design process, it is highly possible that the resulting 
design concept shows specified limitations that might not be solved during the operation of the 
building. While designing a Net Zero Energy Building, an acoustics expert was not involved from the 
early design stage of the design process. So at a later stage we had to check and find solutions to 
provide a pleasant and healthy acoustical environment. 

Non-optimal HVAC system installed 

Competing demands of other legislation, performance criteria or benchmarking systems doesn’t 
need to meet energy efficiency of installed systems. Cost, comfort and CO2 optimal design can be 
produced for any building for a HVAC system - e.g. leading to choice of separable but highest 
efficiency heat and cool plant. Requirement to also meet other legislation or benchmarking standard 
such as percentage of energy use supplied by renewables on site might lead to a less efficient system 
being used e.g. biomass fuelled boilers, tri-generation (CHP with waste heat absorption chilling) etc. 

Wrong sizing of building systems is also a common issue. People tend to believe that more is better 
therefore oversizing a building gives the notion of better performance while undersizing is believed 
to be more economically viable. Both of these actions lead to bad quality. 
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Building performance modelling/simulation errors 

Required estimated values for building operation vary from building in use. Any simulation designed 
to produce annual loads (e.g. heating, cooling, lighting) will require a large volume of inputs. Whilst 
many are known (e.g. CoP of chiller) much data can only be estimated, particularly occupant number 
and schedule in the building, at the design stage. This will lead to the simulation varying from actual 
performance. A number of prediction and scenarios should be used to allow for low/medium/high 
volume of use etc. 

Time pressure 

Often designers follow an analysis-oriented approach, which, coupled with time constraints, prevents 
to analyze design configurations under several scenarios and conditions. 

3.3.2 Construction Stage 
Construction stage follows design stage. In this stage the building is being constructed according to 
the detailed design and prepared for operation. Many problems which were not evident during 
design occur during construction, so the cooperation between designers, construction companies 
and future operators of the building is necessary. Very important are also frequent checks of the 
construction quality because of poorly informed or educated construction workers, high number of 
subcontractors etc. 

Low quality construction control from government, building owner, designers and construction 
company 

Building construction law defines in many European countries construction supervision by 
independent expert. Although building construction supervision is obligatory for most of the 
buildings except private houses, in practice supervisor has more than one object (often even ten) 
therefore no actual supervision and quality control is carried out. 

There are also some requirements for HVAC systems (declaration of conformity, safety and other 
similar) but there are usually no quality control mechanisms. The designer of BMS should clearly 
define his or her requirements to the implementor and constantly check the implementor's work 
progress and look for any inconsistencies between design and actual implementation. These might 
not be found out later, when the designer leaves the project. 

Lack of skilled workforce in all construction stages 

Most of the workforce in constructions companies is without necessary education and any 
knowledge. Existing education programs in vocational educational institutions are outdated. 
Educational institutions do not have appropriate material and technical basis that can ensure 
necessary education and practice. Lack of education results in poor building quality. 

High number of subcontractors 

According to the Latvian Competition Council research on construction company cooperation, it was 
found out that in 4 out of 5 public tenders General contractor changes subcontractors during the 
building construction. In average the General contractor does only 53% of constructions works. Rest 
of the work is subcontracted. This is one of major factors of poor building quality. 

Lack of commissioning 

The commissioning team is not allocated sufficient time to scrutinize the design or not even 
integrated in the construction process. The client is not aware of the benefits of commissioning and 
has not hired a commissioning agent. Hence there is no third party checking the design and technical 
specifications and the operation of the building before being used. This leaves room for errors and 
problems of placing the responsibilities for the errors. 
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Sometimes persons, who install certain components, do not worry about their actual and complete 
settings, even in case this is not so difficult. For example, this could be the case of setting electronic 
circulation pumps or fans, which does not represent a very complex task but sometimes it’s missing 
or not adequate. 

Owners demand for lowest investments 

Owners are interested in developing projects with the lowest possible costs. Although buildings can 
have challenging design the contract is signed with the lowest price contractor. Public tenders are 
looking only on lowest price. Contractor accepting terms with the lowest price cannot provide skilled 
workforce, materials and skilled quality control. Money oriented mentality, which is more focused in 
protecting financial or commercial interests, could lead to money savings in the whole project 
including HVAC and control systems which has a big influence on proper building operation. 

Time pressure and bureaucracy in project planning and approval of building technical design 

According to World Bank research „Doing Business” Latvia was ranked in 79th place in terms of 
building technical design approval. In 2011 the official construction harmonization procedures 
required 186 days by following 24 different procedures. After large amount of time spent on 
Construction design approval the construction works need to be completed in short terms which 
influence the building quality. 

3.3.3 Operation Stage 
Operation stage starts after construction stage. Problems from the previous stages will be visible 
during operation of the building and they could be very hard to undo. Anyway the qualified operators 
are needed to run the building in proper way and also using the building for the designed purposes is 
necessary condition to correct functionality of the building. 

Change of use of space from given design criteria 

Ability of space to perform outside its designed use is limited. Re-partitioning or reallocation of 
internal spaces/offices after design for alternate purposes leads to lower comfort (e.g. more 
overheating) or greater energy use. For example, a space designed as an office (limited operating 
hours and lower occupancy levels) changes to a conference room. The ventilation and heat/cool 
strategy cannot meet this planned use due to increased schedule and occupant density - despite 
operator considering space as same end use. 

Facility managers try to keep the number of complaints as low as possible since a lack of thermal 
comfort for example is also an indicator of a badly operated building; it has been observed that 
facility managers often run the service systems in a 'safe mode'. 

In a few cases, the performance of a building is totally demanded to building automation and a 
limited effort is dedicated to the design of the building envelope. This can result in a non-robust 
building against occupants' needs or behaviour. For example, a solar shading devices weakly 
controlled can result in being activated too many times in a limited time span, and this can force the 
occupant to switch off the automated control for a manual control causing a likely rise of energy 
need for cooling. 

Late integration of operator 

Building operators / Facility managers often get involved late in the project, so the time to 
understand the planning is limited; planners are hard to grab once they are 'out of a project'. Mostly 
the operator is not involved during construction. They get integrated when the building is already 
running so that planers as well as installers are no longer involved. So there is no hand over between 
those parties. The result is that the operator does not really know how the concept of the building is 
planned so they just try to keep the building running as they can. 
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Missing instruction course, poor functional specification 

Most of the operators are not properly educated to manage and operate the systems while they lack 
knowledge of the international and national guidelines for environmentally and user friendly 
operation. Sometimes responsible persons for design and management of the building systems do 
not have adequate knowledge and expertise in the field of systems controls, functions specification, 
monitoring equipment, and actual components to do this. Therefore contents and actions related to 
controls of systems are described in partial or insufficiently detailed way. 

A 'high-tech-building' has a need for a qualified operator, who is able to understand the system. As 
the operator/client makes the initial choices, he/she is partly responsible for the construction and 
the operation quality. People must be convinced of their role in maintaining operation quality. Often 
system features and requirements are described in several different documents and operation 
manuals by different actors, as written text, tables, drawings, graphical schemes, etc. It also needs to 
be considered that different actors have different language and background, for example general 
planners and specialist system designers involved in the process. 

Lack of interest and/or motivation of the operator, vaguely defined responsibilities 

The operator should be interested in optimal building operation - either by his/her own will or by 
some form of obligation (contract, fines, etc.) When the operator is not interested, then he/she will 
not dive deep enough into emerged problems and will not look for inconsistencies in system. The 
operator should be motivated - for example by displaying the price of current operation. When the 
responsibilities are not clearly defined, then there is a high probability that in case of a 
failure/breakdown/other problem nobody will solve it because nobody thinks it's their responsibility. 

Absence of automated alarms and check of values, missing specific requirements and in situ quality 
checks 

Important alarms, acceptable ranges of values of important data points in BMS, etc. should be 
defined to detect possible problems as soon as possible and so ensure proper operation. Confused 
visualisation can cause that the operator will overlook/miss some important indication, wrong 
values, etc. 

The real indoor environmental comfort conditions are not checked in some cases. There are no 
reliable measured data, or measured data at all, or partial ones about quantitative performance 
indicators related to indoor comfort conditions (e.g. air temperature, operative temperature, air 
relative humidity, air velocity, indoor and outdoor CO2 concentration, luminance level, etc.). This 
could lead to unsatisfactory indoor comfort conditions or to greater energy consumption for space 
heating and cooling, lighting and air handling. 

Sometimes real and sufficiently detailed data about energy consumption of the considered building 
are not measured or are not considered and analyzed. Therefore there are no checks and evidences 
of the actual energy performance of building or its parts. This could be valid also for buildings that 
have good energy and environmental labels. This can be caused by defects in construction and 
installation or by missing commissioning. 

Specific requirements and related tests in situ are missing sometimes. For example, this is the case of 
quantitative requirement on building envelope air tightness level and the request for checking it via a 
blower door test or similar performed in situ in the building. Also there is the request for checking 
the reduction of thermal bridges using thermography on the building envelope. 
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4 STATE-OF-THE-ART OF QUALITY MANAGEMENT IN CONSTRUCTION INDUSTRY 

A survey among QUANTUM project partners was carried out. The survey was focused on existing 
laws, guidelines and standards and on existing services in quality management (QM). Project 
partners described QM practice typical for their home countries. Main target of this survey was to 
collect as many information as possible to have a good overview about QM practice in European 
countries. Collected information is a necessary springboard for following work on the project. 

4.1 Existing laws, guidelines and standards for QM 

In this chapter all available information from all participating countries or international 
projects that describes the state-of-the-art of QM in Europe was collected. Partners wrote 
down short description of potential laws, guidelines and standards in their countries or in 
European projects that do not address quality management in first stage, but they are 
connected to this topic in some point. 
Results were sorted in two categories: process-oriented for the documents that specify procedures 
leading to higher quality and technical for the documents that specify particular parameters or 
requirements. Results of the survey are presented in Table 4-1 and Table 4-2. 

 

Table 4-1: Existing laws, guidelines and standards for QM - process oriented 

  NAME SHORT DESCRIPTION CONNECTION TO QUALITY MANAGEMENT 

B
R

E 

CIBSE 
Commissioning 
Codes A-W 

UK Chartered Institute of Building 
Services Commissioning Codes for 
good practice and so that relevant 
commissioning will meet UK 
Building Regulations 

These codes are 7 separate codes which 
cover all main Management commissioning 
(Guide M) and also relevant HVAC systems: 
Guide A is Air Distribution systems, B is for 
Boilers, C covers Automatic controls, L 
Lighting, R refrigeration & W water 
distribution systems  

BS 7000-4:2013 
Design Management 
Systems: Guide to 
managing design in 
construction   

A British Standard document BS 
7000-4 gives guidance on 
management of the construction 
design process at all levels, for all 
organizations and for all types of 
construction projects. The 
guidance given applies to purpose-
built constructions, equipment 
and components. 

The standard provides the principles and a 
common reference for company and project 
protocols, which can also be used in reverse 
to check that the bases have been covered. 
By following the protocols and principles in 
the guide, the design management process 
will be more efficient and there will be less 
wastage of time and effort. Of relevance to 
the commissioning process in particular are 
sections 25 to 33which follow the Design 
brief through to post occupancy review. 

Government "Soft 
Landings" Strategy 

The UK Government Construction 
Strategy (2011) identified the 
need to improve the value offered 
by public sector construction and 
within this “soft landings” was 
identified as a way to improve 
performance of buildings and to 
meet the requirements of those 
that use them. The Government 
Soft Landings (GSL) policy is to be 
mandatory from April 2016 
(alongside Building Information 
Modelling - BIM Level 2) and is to 

The on-going maintenance and operational 
cost of a building during its lifecycle far the 
original capital cost of construction, and GSL 
identifies the need for this to be recognized 
through early end-user engagement in the 
design and construction process. The GSL 
approach reflects the need for a smooth 
transition from the design and construction 
stage to the operational stage of a built 
asset. Combined with the concept of Post 
Occupancy Evaluation (POE) it seeks to 
compare the required performance 
outcomes with actual performance 
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be implemented for all central 
government department 
construction projects. 

outcomes. 

BS8536-1 Briefing 
for design and 
construction. Code 
of practice for 
facilities 
management 
(Buildings 
infrastructure)  

Sets out questions that an asset 
team could ask such as challenging 
to design against operational cost 
models and covers post occupancy 
evaluation over a 3 year period 
following practical completion. 

It gives recommendations for briefing for 
design and construction, to ensure that 
designers consider the expected 
performance of a building in use. The 
standard applies to all new buildings projects 
and major refurbishments 

C
O

W
I 

DS 3090:2014 DS 3090:2014 describes the 
commissioning process for 
installations in new and retrofitted 
buildings 

The standard is connected to quality 
management, because it describes and set a 
standard for how commissioning should be 
carried out 

Commissioning af 
installationer. 
Erfaringsopsamling' 
(2015) 
SBI 2015:26 

Describes the experience with 
commissioning in new buildings 
and provides recommendation for 
future work within the area 

Contributes to quality management by 
describing previous experience (good and 
bad) from projects are summed up 
reassuring that the same mistake is not made 
twice 

Commissioning 
processen. Værdibyg 
2013 

Guideline to commissioning 
process with description of 
advantages, disadvantages and 
economical benefits 

Contributes to quality management by 
describing the time needed for 
commissioning and the economical benefits 
of doing it properly. Provides templates and 
check list to fill out 

eE
R

G
-P

o
liM

I 

EN 15232 Energy performance of buildings - 
Impact of Building Automation, 
Controls and Building 
Management 

Methodology to consider in the calculation 
and design process the impact of the building 
automation systems on the building energy 
performances. 

EN 15603 Energy performance of buildings - 
Overall energy use and definition 
of energy ratings 

Framework of definitions and methodologies 
related to the field of energy quantities and 
performances in buildings. This is very useful 
as common base for analysis and activities in 
this field. 

EN ISO 16484 - 1-2-
3-5-6 

Building automation and control 
systems (BACS) - Project 
specification and implementation 
/ Hardware / Functions / Data 
communication protocol / Data 
communication conformance 
testing 

ISO 16484 (all parts) is aimed at the design of 
new buildings and the retrofitting of existing 
buildings for an acceptable indoor 
environment, practical energy conservation, 
and efficiency. It is applicable to building 
automation and control systems (BACS) 
under several aspects as Project specification 
and implementation / Hardware / Functions / 
Data communication protocol / Data 
communication conformance testing. 

EK
O

D
O

M
A

 

Latvian Construction 
Law [1] 

Construction Boards in each local 
authority control approval of 
building technical project and 
construction according to 
legislation.  

Although Construction Board do not control 
quality of the technical project or 
construction works and are responsible for 
standard document approval procedure the 
Construction board have the rights to impose 
an obligation to carry out technical project or 
building expertise.  
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Latvian Construction 
Law [1] 

Control of building technical 
project implementation in 
construction. Designer of the 
technical project is responsible for 
author supervision.  Law 
determines that supervision is 
necessary for the most of the 
building constructions, except 
private houses etc. 

Although this is a standard procedure in 
construction works, it is crucial to harmonize 
building technical design with on-site 
construction works.  

Latvian Construction 
Law [1] 

Control of public building quality. 
Since October 2014 public building 
construction and commissioning is 
controlled by State Construction 
Control Office. The main 
objectives are: ensure supervision 
of service of public buildings, 
organize expert-examination of 
construction designs and 
structures.  

Since collapse of the shopping centre in 
Latvia [2] the regulation in construction 
works have been changed. Since then the 
public building quality is controlled by State 
Construction Control Office. This is directly 
related to building quality management as 
governmental institution will be responsible 
for expertise of technical design and 
supervision of construction work quality  

Latvian Construction 
Law [1] 

Control of the technical design 
quality. The law defines quality 
control of the technical design - 
expertise. According to the law 
expertise is obligatory for 
buildings with more than 5 
storeys, buildings with at least one 
underground storey, public 
buildings with capacity of 100 
occupants, industrial buildings 
with more than 1000m2 and other 
similar buildings. 

Buildings are obligate to carry out 
independent technical design quality control 
(expertise).Because of this regulation 
designers often hire their own experts to be 
sure that technical design meet all quality 
requirements 

Latvian Construction 
Law [1] 

From 1 June 2015 Latvian Building 
codes defines that structural 
design in Latvia should be 
designed according to the 
Eurocode standards. For public 
buildings or construction works 
subsidized from EU should 
correspond to ETAG 004.  

It is connected to quality management 
because the requirements in these standards 
are higher than in local legislation or other 
standards therefore designed buildings 
should be more qualitative  

EN
ES

A
 

ISO 50001   ISO 50001:2011 Energy management systems 
– Requirements with guidance for use. 
To meet the requirements specified by this 
standard, the implementing organization 
needs to be constantly checking its energy 
management system and whether the goals 
are met or not. 

IPMVP   International Performance Measurement and 
Verification Protocol. 
 



QUANTUM  - D1.02-  Report on state-of-the-art of quality management 

 

13 

  NAME SHORT DESCRIPTION CONNECTION TO QUALITY MANAGEMENT 

Act 406/2000 - on 
energy management 

  Transformation of EU directive 2012/27/EU 
of the European Parliament and of the 
Council of 25 October 2012 on energy 
efficiency. 
The act introduces concept of energy 
services, contract on energy services, etc. 
(where supplier guarantees its customer to 
increase energy efficiency or savings, the 
savings have to be measured and evaluated, 
payoff is dependent on results) 

E-
SI

EB
EN

 

specification of 
services;  
'building service 
systems' 

Description of necessary tasks 
within different project-steps 
(development, planning, 
execution, use), according the 
German HOAI.  These service 
specifications are available for diff. 
services in respect to building 
development. They are not legally 
binding, but prepare a largely 
accepted basis for definition and 
calculation of services 

single tasks within each step are grouped in 
basic service or optional service   
several tasks address quality management 
issues  

OIB guideline 6 
'energy savings and 
heat insulation' 

The OIB Guidelines serve to 
harmonise the construction 
engineering regulations in Austria.  

Guideline 6 defines minimum requirements 
on  energy efficiency of buildings as well as 
calculation methods 

N
TN

U
 

ASHRAE 202:2013 ASHRAE 202:2013, entitled "The 
Commissioning Process for 
Buildings and Systems", defines 
the commissioning process, 
defines a structure of an overall 
process for the commissioning. It 
does not focus upon specific 
systems or assemblies, but rather 
presents a standard process that 
can be followed to commission 
any building. 

 According to this standard, a commissioning 
process is "A quality-focused process for 
enhancing the delivery of a project. The 
process focuses upon verifying and 
documenting that all of the commissioned 
systems and assemblies are planned, 
designed, installed, tested, operated, and 
maintained to meet the Owner's Project 
Requirements." 

ASHRAE Guideline 
0:2013 

ASHRAE Guideline 0 is entitled 
"The Commissioning Process." The 
purpose of this guideline is to 
describe the Commissioning 
Process capable of verifying that 
the facility and its systems meet 
the Owner’s Project 
Requirements. 

The procedures, methods, and 
documentation requirements in this 
guideline describe each stage of the project 
delivery and the associated Commissioning 
Processes from pre-design through 
occupancy and operation without regard to 
specific elements, assemblies, or systems, 
and provides the following: 
a) overview of the commissioning process 
activities,  
b) description of each stage’s processes,  
c) requirements for acceptance of each 
stage,  
d) requirements for documentation of each 
stage, and 
e) requirements for training of operation and 
maintenance personnel. 
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ASHRAE Guideline 
10:2011 

ASHRAE Guideline 10 is entitled 
"Interactions Affecting the 
Achievement of Acceptable Indoor 
Environments." Its purpose is to 
provide guidance regarding factors 
and their interactions as they 
affect the indoor environmental 
conditions acceptable to human 
occupants with regard to comfort 
and health. 

This guideline provides guidance regarding 
factors and their interactions and includes 
thermal comfort, indoor air quality, sound 
and vibration, and non-ionizing 
electromagnetic radiation (including visible 
light). 
This guideline applies to the design, 
construction, commissioning, operation and 
maintenance of buildings. 
This guideline applies to all indoor or 
enclosed spaces that people may occupy. 

ASHRAE Guideline 
2:2010 

ASHRAE Guideline 2 is entitled 
"Engineering Analysis of 
Experimental Data." The purpose 
of this document is to provide 
guidelines for planning, analysing 
data and reporting the uncertainty 
of experiments. 

Appropriate terms are defined and 
statistically based procedures and formulae 
are recommended for evaluating 
experimental data related to heating, 
ventilating, air-conditioning, and 
refrigeration (HVAC&R). Numerous examples 
are provided to illustrate analysis of 
experimental data. 

ASHRAE Guideline 
14:2014 

ASHRAE Guideline 14 is entitled 
"Measurement of Energy, Demand 
and Water Savings." Its purpose is 
to provide guidelines for reliably 
measuring the energy, demand 
and water savings achieved in 
conservation projects. 

This document provides procedures for using 
measured pre retrofit and post retrofit billing 
data used for the calculation of energy, 
demand and water savings.The 
procedures:(a) include the determination of 
energy, demand and water savings from 
individual facilities or meters.(b) apply to all 
forms of energy, including electricity, gas, oil, 
district heating/cooling, renewables; and to 
water and wastewater. and(c) encompass all 
types of facilities: residential, commercial, 
institutional, and industrial.But this 
procedures do not include: (a) sampling 
methodologies used in large-scale demand 
side management programs,(b) metering 
standards, or(c) major industrial process 
loads. 

ASHRAE Guideline 
20-2010 

ASHRAE Guideline 20 is entitled 
"Documenting HVAC&R Work 
Processes and Data Exchange 
Requirements". Its purpose is to 
define a systematic procedure for 
documenting work processes (Use 
Cases) and data exchange 
requirements for specific HVAC&R 
activities. 

This guideline: 
1) Defines methods for documenting Use 
Cases and data exchange requirements 
related to HVAC&R activities involving 
equipment, systems, design services, and 
other services over the life cycle of capital 
facilities. Use Case documentation will 
employ domain expert terminology and a 
consistent format to facilitate review and 
adoption by industry participants 
2) Outlines procedures for web-based 
management of Use Cases to support 
development of formal data definitions and 
implementation in HVAC&R industry 
software. 
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GPC 34P-2012 Entitled "Energy Guideline for 
Historical Buildings", This guideline 
applies to those buildings that are 
defined as historic buildings or 
which are eligible to be so defined 
by applicable law in the 
jurisdiction where the building is 
located. 

The purpose of this guideline is to provide 
sound advice to those who plan to undertake 
energy efficiency and energy conservation 
improvement projects and programs 
involving historic structures on the practices, 
processes and workflows that should be 
followed, including procedures: 
1) for energy efficient operation, 
maintenance, 
2) to improve the efficiency of energy-using 
building systems and equipment, and 
3) to improve the energy performance of the 
building’s envelope. 
This guideline will provide advice related to 
implementing projects and programs in 
historic buildings and structures to achieve 
improved energy efficiency while minimizing 
disturbance to the historic character, 
characteristics and materials (significance, 
value and qualities) of the building, including: 
1) envelope modifications and upgrades to 
control heat and moisture transfer and limit 
air infiltration, 
2) adding new HVAC systems or improving 
existing HVAC systems to improve energy 
efficiency while maintaining human comfort 
and providing acceptable indoor 
environmental quality, and 
3) adding new lighting systems or upgrading 
existing systems that provide energy efficient 
solutions while maintaining the historic 
qualities of the building. 

M
N

A
 

  Law 3661/2008 on “Measures for 
the reduction of energy 
consumption in buildings” 
(harmonization to the Directive 
2002/91/EC of the European 
Parliament and EU Council on the 
energy performance of buildings) 

it is connected to quality management 
because its mission is to monitor the 
achievement of the objectives of the national 
energy policy on energy saving and energy 
efficiency and to implement the law  

  T.O.T.E.E. 20701-1 / 2010 
guidelines and explanations are 
given on the data collection 
process, relevant data and 
parameters according to the 
technical characteristics of the 
building under consideration, 
which should be recorded and 
used to calculate the building 
energy efficiency. 

it is connected to quality management 
because it calculates the building energy 
performance also containing  assumptions 
and alternative values to be used in case 
there is not enough available data or 
parameters. An independent person has the 
responsibility. An EPC is issued following the 
technical guideline which may help close the 
gap between actual and simulated values. 
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IG
S 

VDI 6039 VDI 6039 is a guideline for the 
management of building 
commissioning. It defines a 
structure of an overall process for 
the commissioning with methods 
and procedures. The main idea is 
to have a commissioning manager 
as special actor in the project that 
coordinates the commissioning 
process independent from all 
trades. 

This guideline is connected to quality 
management because it has a high potential 
to close the gap between planning and 
operating a building. There are two QM 
aspects in it: (1) It structures a process that 
ensures the coordination of all interfaces. (2) 
An independent person has the 
responsibility. 

HOAI HOAI is a regulation about the 
official scale of fees for services by 
architects and engineers in 
Germany. It details which tasks 
every project actor in public 
projects has to fulfil during which 
project stage and which scale of 
fee they can specify for it in the 
contract. With this content it is 
one of the main regulations for 
public construction projects in 
Germany. 

HOAI is connected to quality management 
because it defines the already existing quality 
assurance related tasks within construction 
projects in Germany. For example the planer 
has the task to control the organisations 
carrying out the construction work during 
construction stage. While supervising the 
construction process the planer proceeds a 
kind of continuous quality check between 
planned and constructed work. It can be seen 
as quality management part because it 
focuses the quality thinking during the 
project and helps to early recognize and 
remove faults as preparation for hand-over. 

VOB-C VOB is the construction tendering 
and contract regulation in 
Germany. Based on this regulation 
contracts between project actors 
in public construction projects are 
concluded. Part C especially deals 
with technical contract regulations 
for construction works. 

VOB is connected to quality management 
because it defines the most important quality 
management approach in Germany: the hand 
over procedure as quality check. The 
constructing organisation owes the owner a 
building that is constructed in defined quality 
and free of faults.  The hand-over procedure 
serves to test if this has been achieved. Going 
further VOB-C defines the technical 
requirements for the hand-over testing in 
detail with connected technical regulations.  

 

Table 4-2: Existing laws, guidelines and standards for QM - technical 

  NAME SHORT DESCRIPTION CONNECTION TO QUALITY MANAGEMENT 

B
R

E 

ATTMA Technical 
standard L2 

Technical standard covering the 
air permeability testing of non-
domestic buildings in the UK to 
meet Building Regulations 

technical standard required to meet air 
leakage (pressure testing) minima held 
within the Building Regulations Part L2a in 
UK.  

CIBSE TM31 Technical Memorandum covering 
the creation and record keeping of 
a building log book to meet part of 
UK Building Regulations. 

A building log book featuring a user guide is 
required to meet part V of the UK Part L2a 
and 2b regulations for non-domestic 
buildings 

CIBSE  TM 54 Technical memorandum covering 
"Evaluating operational energy 
performance of buildings at design 
stage". Further Application 

Whilst not a mandatory part of Building 
Regulations pre design estimates of energy 
use can be performed to aid client 
expectations and meet operational energy 
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Manuals cover use of computer 
simulation for these purposes 
(AM11) 

targets. Simulation and prediction for Part L 
Regulations is not aimed at creating a 
realistic prediction only one to meet EPBD 
requirement. This TM is for a standard 
approach to quantifying actual operational 
enrgy use at design stage. 

PAS1192-2  
Specification for 
information 
management for the 
capital/delivery 
stage of construction 
projects using BIM 

establishes client decision points 
[end of stage approval] to ensure 
correct documentation is being 
received)This can include 
requesting information on 
warrantee information, 
commissioning, details of how to 
access and maintain plant 

PAS 1192-2 focuses specifically on project 
delivery, where the majority of graphical 
data, non-graphical data and documents, 
known collectively as the project information 
model (PIM), are accumulated from design 
and construction activities 

PAS1192-3 
Specification for 
information 
management for the 
operational stage of 
assets using BIM 

Sets out the requirements of the 
asset team to tie into the above 
PAS 1192-2 that can include what 
information is needed on the 
manageable assets such as 
building plant and in what format 
[ties into ISO55000 asset 
management) 

The purpose of PAS1192:3 is to act as a 
partner to PAS 1192:2 and support the Level 
2 BIM objective by setting out a framework 
for information management for the whole 
life cycle of asset management 

C
O

W
I 

DS 469:2013. Varme- 
og køleanlæg i 
bygninger 

DS 469:2013 is an official Danish 
standard setting up demands for 
cooling and ventilation system 

Contributes to quality management by 
setting up a list of parameters, that 
ventilation and cooling must adhere to 

DS/CEN/CR 
1752:2001 - 
Ventilation i 
bygninger - 
Projekteringskriterier 
for indeklimaet 

DS/CEN/CR 1752:2001 is an official 
Danish standard setting up a list of 
criteria for the indoor climate 

Contributes to quality management by 
setting up a list of indoor climate criteria, 
that must be fulfilled 

DS452 Termisk 
isolering af tekniske 
installationer 

DS452 describes the level of 
insulation required for technical 
installations 

Contributes to quality management by 
describing how technical insulation should 
be insulated and describing the max. heat 
loss allowed 

eE
R

G
-P

o
liM

I 

EN 15251 Indoor environmental input 
parameters for design and 
assessment of energy 
performance of buildings 
addressing indoor air quality, 
thermal environment, lighting and 
acoustics 

Parameters, methodologies and indicators 
for design and assessment of energy 
performance of buildings addressing indoor 
air quality, thermal environment, lighting 
and acoustics. 

EN ISO 7726 Ergonomics of the Thermal 
Environment - Instruments for 
Measuring Physical Quantities 

Definitions and measurements methods for 
analysis of the indoor thermal environment 
and comfort conditions. 

EN ISO 10551 Assessment of the Influence of the 
Thermal Environment Using 
Subjective Judgement Scales 

Methodologies to develop surveys and 
questionnaires on indoor comfort conditions 
and perceptions. 

EN 13187 Qualitative Detection of Thermal 
Irregularities in Building Envelopes 
- Infrared Method 

Methodologies to analyse thermal 
performances of building envelope and 
components using thermographic 
techniques. 
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ISO 6781 Qualitative Detection of Thermal 
Irregularities in Building Envelopes 
- Infrared Method 

Methodologies to analyse thermal 
performances of building envelope and 
components using thermographic 
techniques. 

EN 13779 Performance requirements for 
ventilation and room-conditioning 
systems 

Performance requirements and quantitative 
indicators for ventilation and room-
conditioning systems. 

EN 15239 Guidelines for inspection of 
ventilation systems 

Methodology for inspection of ventilation 
systems, checking functions, features and 
quantitative indicators. 

EN 15240 Guidelines for inspection of air-
conditioning systems 

Methodology for inspection of inspection of  
systems, checking functions, features and 
quantitative indicators. 

EN 12098 - 1-2-3-4-5 Controls for heating systems Methodology for different types of controls 
of heating systems in buildings 

EN 15500 Control for heating ventilating and 
air-conditioning applications 

Methodology for different types of controls 
of HVAC systems in buildings 

EK
O

D
O

M
A

 

Latvian Construction 
Law [1] 

Construction supervision The law defines independent construction 
supervision. Supervision is obligatory for 
most of the buildings except private houses 
etc. 

Latvian Construction 
Law [1] 

The law defines quality control for 
constructed buildings - expertise. 
Building expertise is  voluntarily 

Although this procedure is voluntary it is 
directly related to quality management 
before building commissioning. 

LVS EN 13829:2013 L 
"Thermal 
performance of 
buildings. 
Determination of air 
permeability of 
buildings. Fan 
pressurization 
method" 

Standard has been taken over in 
Latvia. IT is used to determine air 
permeability of buildings by 
describing the blower door 
measuring procedure. 

Procedure often is used before building 
commissioning. Often included in public 
tender technical specification.  

building owner 
initiatives 

Most of the good practice 
examples are related to building 
certification procedures such as 
passive house, BREEAM, 
implementation of green 
procurements and other owner 
initiatives 

It is connected to quality management 
because owners hire and push designers to 
reach higher requirements and quality.  

E-
SI

EB
EN

 

ÖN EN 12599 Ventilation for buildings - Test 
procedures and measurement 
methods to hand over air 
conditioning and ventilation 
systems' 

Definition of test procedures and 
measurement methods for air ventilation 
systems at the point of hand-over; It 
contains simple and comprehensive test 
methods  

ÖN EN 14336:2004-
12 

 Heating systems in buildings - 
Installation and commissioning of 
water based heating systems; 

Definition of requirements for installation 
and commissioning of heating systems; i.e. 
how to do a hydraulic balance 

ÖN EN 15378:2008-
02 

Heating systems in buildings - 
inspection of boilers and heating 

Methodology for inspection and assessment 
of energy efficiency of heating systems 
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systems' 

ÖN EN ISO 16484 Building automation and control 
systems (BACS) 

Requirements for components, functionality, 
and planning of building automation and 
control systems; test procedures  

N
TN

U
 

ASHRAE Guideline 
0.2:2015 

ASHRAE Guideline 0.2 is entitled 
"Commissioning Process for 
Existing Systems and Assemblies". 
It describes the commissioning 
process for existing systems and 
assemblies. 

The purpose of this guideline is to describe 
the procedures, methods, documentation 
requirements and physical activities of the 
commissioning process using the principles 
developed in ASHRAE Guideline 0, The 
commissioning process. This guideline 
applies to existing building systems and 
assemblies. 

ASHRAE Guideline 
1.2:2013 

ASHRAE Guideline 1.2 is entitled 
"HVAC&R Technical Requirements 
of the Commissioning Process for 
Existing Building Systems and 
assemblies." The purpose of this 
guideline is to provide the 
requirements for the application 
of the commissioning process to 
existing heating, ventilating, air-
conditioning, and refrigerating 
(HVAC&R) systems and 
assemblies. 

This guideline applies to the procedures, 
methods and documentation requirements 
for each stage of the Commissioning process 
applied to existing HVAC&R systems and 
assemblies, including: 
1) development of facility goals and current 
facility requirements 
2) discovery and evaluation of available 
documentation for existing HVAC&R systems 
3) evaluation of the condition of existing 
HVAC&R systems 
4) development of a prioritized 
commissioning plan, including schedule and 
budget estimates 
5) development of recommendations 
6) implementation of recommendations 
7) verification of completed 
recommendations 
8) development of Systems Manual 
9) training of facility personnel 
10) development of commissioning reports 
11) ongoing commissioning activities. 
This guideline focuses on: Indoor 
Environmental Quality, Energy Usage, and 
Operations and Maintenance 

ASHRAE Guideline 
1.3:2006 

ASHRAE Guideline 1.3 is entitled 
"Building Operation and 
Maintenance Training for the 
HVAC&R Commissioning Process". 
The purpose of this guideline is to 
provide methodologies and 
formats for developing training 
plans, conducting training 
programs, and documenting 
training results for the operation 
and maintenance of building 
HVAC&R systems during the 
commissioning process. 

This guideline reports the procedures, 
methods and documentation requirements 
in this guideline cover the development of 
training plans, assembly and preparation of 
training materials, and the conducting of 
training programs for the HVAC&R operation 
and maintenance personnel. It addresses: 
a) the development of training requirements 
and plans; 
b) verification of personnel training needs 
and results; 
c) training formats and examples of the plans 
training records; 
d) sources and development of training 
materials; 
e) methods of conducting training; 
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f) evaluating training programs; 
g) recording of training. 

ASHRAE Guideline 
11:2009 

ASHRAE Guideline 11 is entitled 
"Field Testing of HVAC Controls 
Components." This guideline 
provides a procedure for field 
testing and adjusting of control 
components used in building 
heating, ventilating, air 
conditioning, and refrigeration 
(HVAC&R) systems. 

This guideline covers the procedures, 
formats, and methods necessary for 
evaluation and documentation of the 
performance of devices and systems that 
control HVAC&R systems. 

ASHRAE Guideline 
13:2015 

ASHRAE Guideline 13 is entitled 
"Specifying Building Automation 
Systems". Its purpose is to provide 
recommendations for developing 
specifications for building 
automation systems in heating, 
ventilating, and air-conditioning 
(HVAC) control applications, as 
well as recommendations for 
specifying the integration of other 
building systems into a building 
automation system.  

This guideline provides guidance for 
specifying the following aspects of a building 
automation system: 
1) Direct digital control (DDC) for HVAC 
equipment control, monitoring, and 
management functions 
2) DDC hardware performance and 
installation 
3) System training 
4) System architecture 
5) Input/output structure 
6) Communication 
7) Program configuration 
8) System testing 
9) Documentation 
10) Integration with other building systems 
such as lighting, fire and life safety, security, 
and factory-installed equipment controls 
11) Integration with other enterprise level 
applications, such as facility management, 
preventive maintenance, or energy 
management systems. 
This guideline does not include specifying 
control of fire or life safety systems or 
equipment, nor does it include specifying 
security systems or enterprise level 
applications. 

ASHRAE Guideline 
16-2014 

ASHRAE Guideline 16 is entitled 
"Selecting Outdoor, Return, and 
Relief Dampers for Air-Side 
Economizer Systems". This 
guideline provides the basis for 
selecting and sizing control 

This guideline covers the application of 
mixed air control dampers in air-handling 
units and systems that incorporate air-side 
economizer systems for cooling.This 
guideline addresses the selection of control 
dampers based on damper characteristics 
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dampers (outdoor, return, and 
relief) commonly found in 
constant volume (CAV) and 
variable air volume (VAV) air-
handling units and systems with 
air-side economizers. 

and damper pressure drop.This guideline is 
not intended to cover dampers used 
elsewhere in heating, ventilating, and air-
conditioning (HVAC) systems.This guideline 
does not cover air mixing. 

ANSI/ASHRAE 
Standard 16-1983 

Method of Testing For Rating 
Room Air Conditioners, Packaged 
Terminal Air Conditioners and 
Packaged Terminal Heat Pumps 
for Cooling and Heating Capacity. 
This standard prescribes a method 
of testing for obtaining cooling 
capacity and airflow quantity for 
rating room air conditioners and 
packaged terminal air 
conditioners. 
For purposes of this standard: 
(a) A room air conditioner is 
defined as an encased assembly 
designed as a unit, primarily for 
mounting in a window or through 
the wall or as a console. It is 
designed primarily to provide free 
delivery of conditioned air to an 
enclosed space, room or zone. It 
includes a prime source of 
refrigeration and dehumidification 
and means for circulating and 
cleaning air and may also include 
means for heating and ventilating.  
(b) A packaged terminal air 
conditioner is a factory selected 
combination of heating and 
cooling components, assemblies, 
or sections, intended serve an 
individual room or zone. 1.1.3 
Room air conditioners employing 
water-cooled condensers are 
included in this standard.  

Purpose The purpose of this standard is to 
(a) establish a uniform method of testing for 
obtaining rating data, 
(b) specify types of test equipment for 
performing such tests,  
(c) specify data required and calculations to 
be used, and  
(d) list and define the terms used in testing.  

ANSI/ASHRAE 
Standard 84-2013 

Method of Testing Air-to-Air 
Heat/Energy Exchangers. The 
purpose of this standard is to: 
(a) establish a uniform method of 
test for obtaining performance 
data for air-to-air heat/energy 
exchangers; ; 
(b) specify the test conditions, 
data required, uncertainty analysis 
to be performed, calculations to 
be used, and reporting procedures 
for testing the performance of an 
air-to-air heat/energy exchanger; 
and 

This standard prescribes the methods for 
testing the performance of air-to-air 
heat/energy exchangers. 
In this standard, an air-to-air heat/energy 
exchanger is a device to transfer heat and/or 
water vapour from one airstream to another. 
The types of air-to-air heat/energy 
exchangers covered by this standard are: 
(a) regenerative energy exchangers 
(including heat wheels, or total energy 
wheels),  
(b) heat pipe exchangers,  
(c) thermosyphon exchanger,  
(d) recovery loop exchangers (also called 
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(c) specify the types of test 
equipment for performing such 
tests. 

run-around exchangers), and 
(e) fixed plate exchangers. 
The scope of this standard also includes both 
laboratory and field tests, provided that 
appropriate levels of uncertainty can be 
achieved when testing. 
A test is deemed to be within the scope of 
this standard if both a pre-test uncertainty 
analysis and a post-test uncertainty analysis 
yield satisfactory uncertainty limits. 

M
N

A
 

T.O.T.E.E. 20701-1 / 
2010  

T.O.T.E.E. 20701-1 / 2010 
guidelines and explanations are 
given on the data collection 
process, relevant data and 
parameters according to the 
technical characteristics of the 
building under consideration, 
which should be recorded and 
used to calculate the building 
energy efficiency. 

It is connected to quality management 
because it calculates the building energy 
performance also containing  assumptions 
and alternative values to be used in case 
there is not enough available data or 
parameters. An independent person has the 
responsibility.  

Energy Performance 
of Buildings 
Regulations 
(K.En.A.K.) 

The Energy Performance of 
Buildings Regulations (K.En.A.K.) 
determines minimum technical 
specifications and energy 
efficiency requirements of new 
and substantially refurbished and 
the calculation method of the 
energy performance of buildings. 
It constitutes an obligation of the 
country not only to the 
requirements asked by the 
European Union (EU Directive), 
but even more to its citizens. 

It is connected to quality management 
because it sets the technical specifications 
for building energy performance and will 
help close the gap between design and 
actual measurements. 

IG
S 

DIN EN 13829 DIN EN 13829 is about the air 
tightness of buildings. It defines 
how to proceed the determination 
of air permeability of buildings by 
describing the blower door 
measuring procedure. 

It is connected to quality management 
because it is a procedure to check the quality 
of the building envelope. During the 
procedure the value of air tightness is 
measured that can be compared with the 
target value from laws and planning. 

DIN EN 12599 DIN EN 12599 deals with test 
procedures and measurement 
methods to hand over air 
conditioning and ventilation 
systems. It defines specific steps 
of test procedures with related 
tasks and categorizes the scale of 
detail for different types of tests.  

DIN EN 12599 is one example for the 
technical regulations that support the 
defined hand-over of VOB-C as mentioned 
before. It is connected to quality 
management because it defines procedures 
for quality checks concerning ventilation. 
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DIN SPEC 15240 While DIN EN 12599 deals with 
general testing procedures for 
ventilation at hand-over DIN SPEC 
15240 specifically defines a 
procedure for energetic inspection 
of air conditioning and ventilation 
systems. With that it implements 
the requirements on energy 
efficient building performance 
from EPBD directive of Europe by 
structuring processes especially 
for ventilation. 

DIN SPEC 15240 is connected to quality 
management because it defines technical 
test procedures that especially check quality 
with the target of energy efficiency. With 
that it can be used as tool to close the gap 
between predicted and measured energy 
consumption through detecting faults and 
improving functionality of checked 
ventilation system. 

 

4.2 Existing services for QM 
Target of this chapter was to collect all available information that describes the services used in QM 
in Europe. Partners wrote down description of existing services that do not need to focus on the 
topic of quality management in the first place but should be connected with that in some point. 
Results of the survey are shown in Table 4-3. 

 

Table 4-3: Existing Services for QM 

  NAME SHORT DESCRIPTION CONNECTION TO QUALITY MANAGEMENT 

  

Certification Energy performance certification 
for buildings 

Energy performance certification pushes 
designers or construction companies to use 
modern technologies for HVAC systems (heat 
pumps, PV panels, geothermal cooling, etc.) 
which require advanced monitoring and 
controlling. Consequently, the building can 
operate with less faults with advanced 
monitoring and controlling. 

B
R

E 

BREEAM BRE Environmental Assessment 
Method 

BREEAM has an international, 25 year history 
as a holistic performance assessment for a 
building covering design and operational 
energy usage. Whilst voluntary it is used as a 
de facto planning requirement in many UK 
devolved governments e.g. no Welsh 
Government building can be delivered 
without meeting its "excellent" standard 

EPC Environmental Performance 
Certificate for non-domestic 
buildings 

EPC is designed to implement standardised 
National Calculation Methodology so that all 
new build non domestic constructions can be 
compared through simple letter ratings (A-G) 
and an environmental impact score 

DEC Display Energy Certificates for 
existing non domestic buildings in 
UK - only applicable to buildings 
with public availability 

as per EPCs, DECs provide a simplistic A-G 
rating of energy consumption for all existing 
non domestic buildings (above 250 sq m) to 
allow comparison of building stock. However, 
unlike EPCs this requirement is only 
mandatory for buildings (as a whole or a part 
thereof) with partial or frequent availability 
to the general public (e.g. schools, hospitals, 
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leisure centres etc.). 

C
O

W
I 

Mandatory energy 
check 

The complete energy performance 
must be calculated for certain 
companies in Denmark 

The energy check maps out the energy 
performance and what can be done to 
improve said performance including 
monitoring and controlling.  This pushes the 
building to improve the energy performance 
of the building 

Certification Green labelling of the building When existing buildings are certificated after 
the DGNB standard, the certification must be 
renewed on a regular basis. This secures, that 
the green elements (including the energy 
consumption is maintained) 

Green tenant 
contracts 

Private companies renting out 
buildings to the state must not 
exceed a certain limit for energy 
consumption 

The landlord must secure, that a max. 
allowable energy consumption is not 
exceeded according to the contract. This is 
done by continuous controlling and 
monitoring, which can reveal unnecessary 
energy consumption 

eE
R

G
-P

o
liM

I 

Project validation The verification and validation 
stage of the project is one of the 
essential moments of the 
procedure for approval of the 
project. Proper testing and 
validation stage of the project 
protects the public administration 
from the demands of enterprises 
on design aspects. 

It represents a process in which a third party, 
not involved in the design process, performs 
a complete check on the compliances with 
technical and general regulations on the 
considered building, systems and 
components. For example, in Italian context 
the service is mandatory for certain 
intervention in public buildings (according 
regulation D.Lgs 163/2006, DPR 207/2010, 
Decreto Legge n. 5 - 9/2/2012). 

Voluntary energy 
certification 
schemes, as 
Passivhaus standard 

energy certification schemes for 
new and renovated buildings 
aiming to nearly Zero Energy 
Building performances 

Voluntary energy certification schemes, as 
Passivhaus standard, which request 
quantitative energy and comfort 
performances which must be checked using 
specific calculation methods and tools. In 
addition, some in situ tests are mandatory to 
check the actual achievement of some 
requirements as test for the building 
envelope airtightness level, process and test 
for setting and starting up of air flow rate in 
the controlled mechanical ventilation 
systems. Also a detailed list of drawings and 
photos from the construction site is 
requested, to demonstrate the actual quality 
of the adopted details and solutions. 

EK
O

D
O

M
A

 

Air tightness tests  More and more buildings are 
including air tightness test in the 
building construction technical 
specification 

If building construction technical 
specification includes air tightness test 
before building commissioning it pushes 
construction company to raise their quality.  

Expertise and 
consultation 

Lately more and more building 
owners hire independent 
consultants which are involved 

It is related to quality management as 
consultants can rise the building technical 
design quality and supervisor the building 
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during whole building planning 
and construction period.  

construction on daily basis.  

EN
ES

A
 

EPC Supervision of the building 
operation 

It is very important to constantly monitor and 
check the building operation even though 
you are not the operator. You (as the 
contractor) are responsible for the saving 
that can be achieved only if the building 
operates optimally. 
You should also check any changes made in 
the system by the operator or 
users/occupants. 

Energy management   Having long term data about the costs and 
consumptions of energy enables you to do 
analysis based on which you can propose 
change of some fixed parameters and gain 
additional savings. For example: 
- Change of tariff 
- Change of breakers 
- Change of reserved amount of heat 
- Change of reserved 1/4 hour maximum 
(electricity) 

EPC Long term complex project A company focusing on EPC projects usually 
has teams focusing on many stages - design, 
construction (implementation) and 
operation. The EPC projects have also long 
duration. It means that during the whole 
project for example the designer is available 
even later in the operation can give his or her 
feedback etc. 

EPC Many different buildings The EPC being complex project with long 
duration, you usually have a big amount of 
operational data and knowledge from many 
different types of buildings. It's possible to 
combine and use this information to predict 
possible problems and design some 
measures to mitigate the risks in advance. 

E-
SI

EB
EN

 

facility management building operator, responsible for 
an appropriate working building 
including technical and non- 
technical aspects 

also responsible for the operation of building 
service systems (set-points, temperature 
levels, operation times, etc.)  

building certification 
systems 

In Austria, 3 national suppliers for 
building certification systems are 
on the market; they usually offer a 
certification for design and 
construction, but not for 
operation 

Energy performance certification systems 
trigger the use of more energy efficient 
systems. Therefore they contribute to a more 
efficient building. Nevertheless, they 
operation stage is not addressed; Buildings 
keep the certificate even when it performs 
bad. The declaration scheme klimaaktiv is 
currently developing a third certification 
step, which will be based on the actual 
energy consumption of buildings compared 
to the calculated demand. 
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IG Lebenszyklus Bau Guideline 'service definition - 
Commissioning manager''IG 
building life cycle management is 
an Austrian non-profit association 
that networks all of the areas 
involved in the construction 
process, addressed towards both 
public and private building 
developers 

the guiding describes tasks and 
responsibilities of the service specification 
'commissioning manager'; Its intention is to 
support the transfer of planned quality into 
reality.   

energy management 
systems 

Energy management systems 
include approaches for data 
capturing to allow a certain 
amount of evaluation 

Based on this, energy management includes 
a continuous improvement process 

housing subsidy 
scheme  

The housing subsidy scheme of 
the federal province Styria 
requires a mandatory energy 
monitoring for multi-family 
buildings over two years.  

This is the first time ever in Austria, that a 
building owner has the obligation for 
monitoring and delivering the data, at least 
for basic indicators like total heat, total 
cooling, electricity in total, electricity for 
ventilation, energy supply from solar thermal 
devices etc. 

N
TN

U
 

Model validation Validation "is the process of 
determining the degree to which a 
model is an accurate 
representation of the real world 
from the perspective of the 
intended uses of the model" 
(AIAA). 

Since often numerical models of buildings are 
used for a fine tuning of building controls, to 
identify faults and for getting a reference 
performance of a building, validation 
provides an assessment of the capability of a 
model to represent the actual behaviour of a 
real building. 

Model calibration Calibration "is the process of 
improving the agreement of a 
code calculation or set of code 
calculations with respect to a 
chosen set of benchmarks through 
the adjustment of parameters 
implemented in the code" 
(Trucano et al., 2006). 

Since often numerical models of buildings are 
used for a fine tuning of building controls, to 
identify faults, and for getting a reference 
performance of a building, calibration instead 
help in reducing uncertainty in input 
parameter of a model in order to increase 
the agreement of a model with the actual 
behaviour of a real building.  
Therefore, in order to use a numerical model 
of a building to support quality management, 
such models must be calibrated, or, at least, 
validated in order to know which is the 
uncertainty linked to the prediction. 

Project brief writing Project brief is a document that 
outlines a summary of project 
objectives. It should incorporate 
the views of all the key 
stakeholders, including the future 
users of the building. It should 
deal not only with the spaces that 
will be needed for the intended 
use but also the looks, style, 
durability and other characteristics 
of the materials, details and 
systems to be used.  Creating a 
brief is an iterative process that 

In the project brief, performance benchmarks 
can be identified and used to assess to 
quality of a building design and operation. 
Therefore, it is very important to identify the 
most suitable requirements and benchmarks 
in order to well address building design and 
management. 
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may go to and from a number of 
times. 

M
N

A
 

Consultancy Energy 
Performance of 
Buildings 

refers to the design stage in order 
to improve energy efficiency, 
energy saving and environmental 
protection 

Every building must meet all minimum 
requirements and either have a total primary 
energy consumption less than or equal to the 
total primary energy consumption of the 
reference building, or comply with the 
requirements of the reference building in 
their entirety.  

Ranking Energy 
Buildings (Energy 
Performance 
Certificate) 

Refers to the design and 
construction stage in order to 
identify the energy performance 
of the building 

In order to secure a building permit for a new 
building, you must have issued the Energy 
Performance Certificate (EPC). The EPC is one 
of the documents to be submitted to the 
Building Authorities together with the 
application for building permit. significant 
changes in the building affecting the energy 
performance require a new EPC. 

Preservation Energy 
Audits 

Refers to the construction stage 
and mostly to boilers and heating 
and air-conditioning 

If the energy audit for the second edition of 
the certificate proves that the objectives of 
the first edition have not been fulfilled, 
appropriate adjustments are required in 
order to succeed. In case of non-compliance 
the building never gets the building permit. 

IG
S 

energetic inspection 
by TÜV 

TÜV is an independent technical 
testing institution in Germany. At 
first they proceed for example 
safety checks for cars, technical or 
play ground equipment. Beside 
safety checks they also do quality 
checks for building technologies 
with energetic inspectors.  

With that function TÜV is an institution that 
especially works for quality management. 
They fulfill the requirement of an 
independent checking institution and have 
their own processes for this. So they can be 
seen as quality management institution. 
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5 OVERALL EVALUATION AND SUMMARY 

This report summarizes state-of-the-art in quality management for European countries. At the 
beginning the gaps in the quality has been defined from the QUANTUM project point of view. 
Reasons of the gaps in different stages of the building life cycle are described in chapter  3.3. During 
the design stage, the most common problems are: 

 wrong understanding of client needs, poor client brief, 

 poor design team collaboration & development, 

 missing of specific planner for controls and functional specification of systems, 

 non-optimal HVAC system installed, 

 building performance modelling/simulation errors or 

 time pressure. 

In the construction stage we can observe following issues: 

 low quality construction control from government, building owner, designers and 
construction company, 

 lack of skilled workforce in all construction stages, 

 high number of subcontractors, 

 lack of commissioning, 

 owners demand for lowest investments or 

 time pressure and bureaucracy in project planning and approval of building technical design. 

The last stage, operation of the building, includes issues like: 

 change of use of space from given design criteria, 

 late integration of operator, 

 missing instruction course, poor functional specification, 

 lack of interest and/or motivation of the operator, vaguely defined responsibilities or 

 absence of automated alarms and check of values, missing specific requirements and in situ 
quality checks. 

There are many problems during the whole life cycle of the building that can affect final building 
performance. Lacks of quality formed during the design and construction stage are usually unreal to 
undo without major intervention into the building constructions, HVAC and control systems. Quality 
lacks in the commissioning process and operation of the building are easier to solve, however 
operators or facility managers doesn’t care about them for various reasons (undefined 
responsibilities, poor qualification of operators, etc.). Challenge is to set up existing buildings and its 
systems for the best possible performance with the lowest possible investments. 

Existing documents connected to QM provide complex information about the issue however 
implementation of them is often insufficient. Law and standards are usually focused on specific 
problem and QM is just a secondary part of the document, so the responsible persons pay their 
attention to the main topic and leave QM behind. 
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Use of existing services, such as building modelling, energy auditing or certification, usually requires 
high qualification and experience level of executive persons and it can be economically unattractive 
for investors / building owners. However there are some business models like energy performance 
contracting (EPC) which provides energy upgrades funded from cost reductions. 
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6 LITERATURE 

This chapter summarizes the whole literature which is connected to all chapters before and can be 
used to get deeper into the topic quality management in construction projects within Europe. 

 

Table 6-1: Literature for chapter 3.3 - Reasons for the lack of quality 

NR. NAME SHORT DESCRIPTION WEB LINK 

1 

Dansk Standard. (2014). 
Commissioning-processen til 
bygninger – Installationer i 
nybyggeri og større 
ombygninger (DS 3090:2014). 
Charlottenlund. 

Official Danish standard and 
guideline for the commissioning 
process for installations in new and 
retrofitted buildings 

https://webshop.ds.dk/da-
dk/standard/ds-30902014 

2 

Commissioning af 
installationer. 
Erfaringsopsamling' (2015) 
SBI 2015:26 

Describes the experience with 
commissioning in new buildings and 
provides recommendation for 
future work within the area 

http://www.sbi.dk/miljo-og-
energi/energiforbrug/commissio
ning-af-
installationer/commissioning-af-
installationer  

3 

Ágústsson, R.Ö. (2010). 
Building Commissioning. 
Master 
thesis in Civil Engineering. 
Lyngby: DTU-Management. 

Master thesis describing the 
advantages and disadvantages 
of the commissioning process and 
how it has been applied in Denmark 

http://orbit.dtu.dk/files/514579
20/Building_Commissioning_revi
sed.pdf 

4 
Commissioning processen. 
Værdibyg 2013 

Guideline to commissioning process 
with description of advantages, 
disadvantages and economical 
benefits 

http://vaerdibyg.dk/index.php?o
ption=com_content&view=articl
e&id=185&catid=296&child=296 

5 

Build up skills force (and 
previous projects)  

Detailed research about lack of 
education in building sector 

https://ec.europa.eu/energy/int
elligent/projects/en/projects/bui
ld-skills-force 

6 
http://www.rpr.gov.lv/bus-
force/index.php?id=527 

7 
http://www.buildupskills.eu/abo
ut-bus 

8 
Guideline 'sustainable facility 
management' 

Reference book for sustainability 
during the  operation stage (only 
German version) 

www.e-
sieben.at/de/download/Leitlinie
n-nachhaltiges-FM.pdf 

9 ID Process Guide 

The IED tool-kit consists of the ID 
Process Guide plus for 
supplementary documents. It 
provides information on Integrated 
Design (ID) that is advisable in 
managing the complex issues arising 
from planning buildings with high 
energy and environmental 
ambitions. 

http://www.integrateddesign.eu
/downloads/MaTrID_Process-
Guideline.pdf 
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Table 6-2: Literature for chapter 4.1 - Existing laws, guidelines and standards for QM 

NR. NAME SHORT DESCRIPTION WEB LINK 

1 CIBSE Codes Description of Commissioning Codes 
(example Code M) 

http://www.cibse.org/Knowledg
e/CIBSE-CC/Commissioning-
Code-M-Commissioning-
Management 

2 BS 7000-4 Construction design standard link in BRE 
maintained list of all required BIM standards 

http://www.bre.co.uk/page.jsp?i
d=3508 

3 Soft Landings BIM linked process for April 2016 launch. http://www.bimtaskgroup.org/g
sl-policy-2/ 

4 ATTMA air leakage testing- UKAS accredited 
organisation that creates technical standard 

www.attma.org 

5 CIBSE TM 31 source for Log Book creation technical 
guidance 

http://www.cibse.org/knowledg
e/cibse-tm/tm31-building-log-
book-toolkit 

6 CIBSE  TM 54 Evaluating operational energy performance 
of buildings at design stage 

http://www.cibse.org/knowledg
e/cibse-tm/tm54-evaluating-
operational-energy-
performance-of 

7 BS8536-1 Briefing guidance for designing for expected 
operational energy use 

http://shop.bsigroup.com/Produ
ctDetail/?pid=000000000030315
621 

8 PAS 1192-2 and 3 Guidance for design information 
management 

http://shop.bsigroup.com/navig
ate-by/pas/pas-1192-22013/ 

9 Latvian Construction 
Law (document 
available in English) 

Law describes construction procedure in 
Latvia 

http://vvc.gov.lv/export/sites/de
fault/docs/LRTA/Likumi/Constru
ction_Law.doc 

10 Article about collapse 
of the shopping 
centre in Latvia in 
21.11.2013 

The article describes the tragedy of shopping 
centre roof collapse. Also the article imposes 
the lack of quality control in the building 
construction in Latvia. Since then some of 
the things have been changed but the 
problems in the field still are very similar.  

https://en.wikipedia.org/wiki/Zo
lit%C5%ABde_shopping_centre_
roof_collapse 

11 Act 406/2000   http://download.mpo.cz/get/26
676/28754/313830/priloha002.p
df 

12 specification of 
services 

download-platform for different 
'specification of services', including 'building 
service systems' 

https://www.arching.at/baik/leis
tungen/leistungsmodelle2014/c
ontent.html 

13 WBDG - Whole 
Building Design Guide 

The WBDG is the only web-based portal 
providing government and industry 
practitioners with one-stop access to up-to-
date information on a wide range of 
building-related guidance, criteria and 
technology from a 'whole buildings' 
perspective. 

https://www.wbdg.org/project/
buildingcomm.php 
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Table 6-3: Literature for chapter 4.2 - Existing Services for QM 

NR. NAME SHORT DESCRIPTION WEB LINK 

1 BREEAM BREEAM (general rather than building design 
stage specific landing page at BRE) 

http://www.bre.co.uk/page.jsp?id=829 

2 EPC NCM system  that mandates methodology to 
produce EPCs 

http://www.uk-ncm.org.uk/ 

3 DEC Guidance for Display energy Certificates for 
UK non-domestic properties 

https://www.gov.uk/government/uplo
ads/system/uploads/attachment_data
/file/452481/DEC_Guidance__rev_July
_2015_.pdf 

4 The energy 
directive of EU 

This directive from the EU imposes the 
member countries to perform an energy 
check of the large companies 

http://www.ens.dk/sites/ens.dk/files/
byggeri/lexuriserv_dk.pdf 

5 Certification The DGNB certification sets up a list of 
criteria for green buildings 

http://www.dk-gbc.dk/ 

6 building 
certification 
systems 

environmental building certification https://www.oegnb.net/en/tqb.htm 
http://klimaaktiv.baudock.at/formular
e.htm  

7 IG 
Lebenszyklus 
Bau 

guideline is free available (only German 
version) 

http://www.ig-lebenszyklus.at/ 

8 Creating 
Excellent 
Buildings - A 
Guide for 
Clients 

It is a guide that presents to Clients the most 
interesting information behind the 
idealization, design and construction of a 
building. 

http://webarchive.nationalarchives.go
v.uk/20110118095356/http:/www.cab
e.org.uk/files/creating-excellent-
buildings.pdf 
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