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Finnish building stock is renewing slowly and there are wide spread mould and damp problems. 

The need for large renovations is not only due to structural aging but also sum of improper 

building construction or neglected maintenance procedures. Proper maintenance and monitoring 

of HVAC related system doesn't only reduce the buildings energy consumption but affects to the 

indoor environment and productivity and health of building occupants. 

 

The aim of this study was to define what is continuous commissioning and how it can be 

implemented in existing buildings. The possible benefits of implementing continuous 

commissioning strategy in existing buildings are observed from the point of view of the 

building’s owner, building’s occupants and maintenance staff. The concept of continuous 

commissioning is introduced and the potential benefits that are associated with it and also the 

barriers of continuous commissioning are covered. The study consists of literary review and an 

empirical study, which explores the possibilities of conducting continuous commissioning in 

existing buildings and how the process could be implemented in existing buildings.  

 

The objective of the case study was to establish a continuous commissioning strategy to the case 

study building by exploiting current building automation system. The research focused on 

pressure-independent variable air volume system and how the malfunctioning VAV-system can 

be detected by using current BAS (building automation system). The research method of this 

study was to simulate the continuous commissioning process step by step in the case study 

building by using literary review and then implementing it in practice. Following the guidelines 

of continuous commissioning process from literary and transferring it into actual measures in the 

case study building, the continuous commissioning process proved to be very sufficient method 

for developing the tool for indentifying malfunctioning VAV-system and establishing constant 

monitoring and fault detection tool to the current BAS. 

 

The tool and guidelines were developed primarily for pressure-independent variable air volume 

system. In the scope of this work, main focus was in one air handling unit and its service area. 

The case study covers functional testing, measuring and repairing, analyzing and improving the 

current system operational condition, monitoring system and maintenance procedure. The study 

also discovered some potential improvements to the thesis subscriber’s current maintenance 

procedures, remote monitoring systems and energy control services. 

Using the results of this study, it is possible to improve pressure-independent variable air volume 

systems’ monitoring and maintenance procedure. The study gives the basis for conducting 

continuous commissioning in existing buildings and it can be considered to be an introduction for 

further development of the process as a whole. By using continuous commissioning methodology 

more extensively the building’s owner and the service provider can achieve significant financial 

as well as non-financial benefits.  
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Suomen rakennuskanta uusiutuu hitaasti ja useat rakennukset kärsivät kosteus- ja homeongel-

mista. Korjausrakentamisen tarve ei johdu vain rakennusten ikääntymisestä vaan myös huoli-

mattomasta rakennustavasta sekä laiminlyödystä huoltotoiminnasta. LVI-laitteisiin liittyvä 

huoltotoiminta sekä valvonta eivät vain pienennä rakennuksen energiankulutusta vaan vaikuttaa 

sisäympäristöön sekä rakennuksen käyttäjien tuottavuuteen ja terveyteen. 

 

Tämän työn tarkoituksena oli määrittää, mitä tarkoittaa continuous commissionig -termi (suom. 

jatkuva toimivuuden varmistaminen) ja kuinka sitä voidaan hyödyntää olemassa oleviin raken-

nuksiin. Continuous commissioning -strategian mahdollisia hyötyjä havainnoidaan rakennuksen 

omistajan, käyttäjien sekä huoltohenkilökunnan näkökulmista. Työssä tarkastellaan käsitettä 

continuous commissioning sekä sen hyötyjä ja haittoja. Kirjallisuusselvityksen sekä empiirisen 

tutkimuksen avulla tutkittiin, kuinka continuous commissioning -prosessia voidaan hyödyntää 

olemassa olevaan rakennukseen.  

 

Tämän työn tavoitteena oli luoda malli continuous commissioning -strategialle käyttäen hyväksi 

nykyistä rakennusautomaatiojärjestelmää. Tutkimus keskittyi paineesta riippumattoman muuttu-

van ilmavirtajärjestelmän tarkasteluun (VAV-järjestelmä) ja kuinka virheellisesti toimiva VAV-

järjestelmä voidaan havaita rakennusautomaatiojärjestelmästä. Työn tutkimusmenetelmänä oli 

simuloida continuous commissionig -prosessia vaihe vaiheelta malliesimerkki rakennukseen 

käyttäen hyväksi kirjallisuudesta löydettyä materiaalia ja muuttamalla se käytäntöön. Seuraa-

malla kirjallisuudesta löytyviä ohjeita ja muuttamalla ne käytäntöön malliesimerkki rakennuksen 

avulla, continuous commissioning -prosessi osoittautui tehokkaaksi toimintatavaksi kehitettäessä 

automaattista työkalua viallisen VAV-järjestelmän tunnistamiseksi sekä luodessa jatkuvaa 

seurantaa sekä viantunnistusta nykyiseen rakennusautomaatiojärjestelmän. 

 

Tässä työssä kehitetty työkalu ja ohjeet koskevat paineesta riippumattoman VAV-järjestelmää. 

Tämän työn laajuudessa keskityttiin yhteen ilmastointikoneeseen ja sen palvelualueeseen. 

Järjestelmälle tehty tutkimustyö kattaa järjestelmän toimintatestejä, mittaus ja korjaus 

toimenpiteitä, järjestelmän analysointia ja parantamista, sekä valvonta että huoltotoiminnan te-

hostamista. Tutkimuksessa havaittiin myös potentiaalisia kehityskohteita työn tilaajan nykyisiin 

huoltopalveluihin, etävalvontapalveluihin sekä energiahallintapalveluihin. 

 

Työn tutkimustuloksia hyödyntämällä, voidaan parantaa paineesta riippumattoman muuttuvan 

ilmavirta järjestelmän toiminnan seurantaa sekä huoltotoimintaa. Tehty tutkimus luo perusteet 

continuous commissioning -strategian käytölle olemassa oleviin rakennuksiin ja sen voidaan 

olettaa toimivian johdantona continuous commissioning -strategian kokonaisvaltaisemmalle 

jatkokehitykselle. Hyödyntämällä continuous commissioning -konseptia laajamittaisemmin sekä 

rakennuksen omistaja että palvelun tarjoaja voivat saavuttaa merkittäviä taloudellisia ja laadulli-

sia hyötyjä. 

Avainsanat : toimivuuden varmistamien, ToVa, muuttuva ilmavirta, VAV, ilmanvaihto, 
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1 Introduction 

1.1 Background 

The increasing energy consumption and the global climate change are pushing the world 

to transfer into more sustainable energy system as well as controlling better the growing 

energy demand and supply. People’s awareness of their own energy consumption and 

its effects to the environment has been increasing. At the same time the term 

“sustainable development” has become established to represent the development where 

the environment, economy and society are bring together in a balanced way, reconciling 

conflicts. (Giddings et al. 2002) Increasingly people, communities and companies are 

making choices which minimize the negative environmental impacts. By improving 

energy efficiency, reduction of greenhouse gases, accelerate consumption of materials 

and saving money can be established.  

 

In order to slow down global climate change and control growing energy demand and 

supply, the Kyoto Protocol of 1997 required that the price is placed on carbon dioxide 

(CO2) and other greenhouse gases, putting a premium on low and non-greenhouse gas 

based energy sources. (Solomon & Krishna 2011) International agreements, such as the 

Kyoto Protocol and European Union’s directive on improving buildings energy 

efficiency (2010/31/EU) and the energy performance certificates for buildings, has 

provided the guidance and rules in order to improve buildings energy efficiency and has 

also increased the public knowledge about the role and effects of energy consumption. 

(Ministry of the Environment 2013a, Ministry of the Environment 2014).  

 

According to The International Energy Agency (IEA) estimation, residential, 

commercial and public buildings account for 30 to 40 percent of the world’s energy 

consumption and are accounted for 25 to 35 percent of the world’s CO2 emissions 

(UNDP 2009). After buildings construction phase the operational stage is 80 % of 

building lifecycle cost of which 50 % represents the energy use. During the operational 

phase the carbon emissions are up to 90 % of the buildings life cycle emissions. The 

Finnish building stock consist of about 1.45 million units which is in terms of floor 

space equivalent to 434 million square meters, of which are 274 million (63%) is in 

residential buildings and 160 million (37 %) in other buildings and building stock’s 

energy consumption is about 40 % of the whole energy consumption in Finland and is 

accounted for 32 % of CO2 emissions. (Reijula et al. 2012, Sitra 2010) The building 

stock is a significant part of the Finland’s national wealth. The wealth was amounted to 

775 billion euros in 2010, of which residential buildings accounted for 217 billion euros 

(28 %) and other building 132 billion euros (17 %). In a international level the Finnish 

building stock is young but in a national level the Finnish building stock is relatively old 

and needs rapid systematic renovation in the near future. Most of the Finnish building 

stock was built between years 1940–1989. This stands for 64 % of the whole building 

stock and the need for renovation can be justified just by the constructional ageing of 

the Finnish building stock. However, there is also a major problem with significant 
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damp and mold damages in the Finnish building stock that affects to Finland’s national 

wealth and causes health-related costs approximately 23–953 million euros and the 

buildings maintenance backlog is estimated to be 30–50 billion euros. (Reijula et al. 

2012, ROTI 2013) 

 

Buildings energy efficiency tends to decline over years and it is quite common that 

buildings don’t perform as designed and intended. This is because of the building 

industry is highly competitive and the lowest bidding competition leads to short-sighted 

investment, mismatching equipment, improper installation and a lack of maintenance. 

This has led to significant damp and mold problems, un-efficient energy usage and 

health problems. (Legris et al. 2010, Pietiläinen et al. 2007) It is clear to say from the 

numbers presented at previous chapter, that just by improving the common practices in 

the building industry and ensuring that buildings perform as designed and intended 

throughout the life cycle, it can be achieved significant energy savings and decline CO2 

emissions, increase productivity and health of building occupant, increase national 

wealth and ensure that decisions are made from the point of view of sustainable 

development. The Finnish building stock is renewing slowly, only a one percent of the 

annual building stock is new buildings (VTT 2014). Thus the existing building stock 

has enormous potential on improving health and productivity of building occupant, 

decreasing energy consumption and the decline of CO2 emissions ensures that the life 

cycle costs of buildings are at the optimal level. 

 

The amount of HVAC (heating, ventilation and air conditioning) related technologies 

have increased significantly and many buildings have a sophisticated building 

automation system (BAS) to integrate and manage the wide range of building systems. 

The main purpose of HVAC systems is to create healthy indoor environment and ensure 

that building performs as energy efficient way as possible. The BAS has a significant 

role in order to operate single equipment and monitor its functions but also to integrate 

individual sensors and equipment into a fully operating system. Although the 

capabilities of the BASs seem to have increased and they have lot of usable functions 

and possibilities that are rarely exploited at their full capacity and therefore many 

buildings still are not properly commissioned, operated or maintained. The inability of 

building operators to understand and interact with complex controls and a lack of proper 

maintenance leads to inefficient operations, reduce the expected lifetime of equipment 

and increase the energy consumption. (PECI 2003) 

 

Finnish building stock’s need for renovation is not only due the fact of structural ageing 

or the changes from the original use of the space that may cause problems but also sum 

of improper building construction or neglected maintenance procedures and that there is 

huge energy saving potential and health issues, a quality procedure for tackling these 

problems is developed, called as continuous commissioning. Continuous 

commissioning focuses on optimizing HVAC systems operation and control of the 

existing buildings conditions and maintains long-term savings. Continuous 

commissioning exploits extensive ongoing metering and trending software for energy 
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savings and improves building systems reliability and comfort by optimizing systems 

operation. Continuous commissioning is an ongoing process to resolve operating 

problems, improve comfort, optimize energy use and identify retrofits in order to 

improve overall system control and operation without compromising occupant comfort 

and productivity. Continuous commissioning ensures that the building systems operate 

optimally to meet the current requirements throughout the life cycle of building. (Liu et 

al. 2002) 

1.2 Research objective 

The subscriber of this research, Caverion Suomi Oy, has participated into a European 

Commission funded project called Energy in Time. The aim of the project is to develop 

a Smart Energy Simulation Based Control method which will reduce the energy 

consumption in the operational stage of existing non-residential buildings, resulting in 

energy savings of up to 20 %. In the scope of this project Caverion Suomi Oy is 

responsible for a module which includes “continuous commissioning”. The module 

objective is to develop a method which combines advanced monitoring, fault detection 

and diagnostic (FDD), and adaptive tools. The continuous commissioning methodology 

will ensure that the building systems and equipment operate optimally to meet the 

current requirements. A method will be developed by combining advanced monitoring, 

fault detection and diagnostic, and adaptive tools. This will lead to operation, detecting 

and implementing corrective and predictive maintenance strategies which will save 

energy, money, resources and achieves healthy and comfortable indoor conditions. 

Continuous commissioning strategy will make possible to create new methods and 

innovations such as: 

 

 Simulation Based Control (Real Time Performance Deviation Control) 

 Fault Detections and Diagnostic 

 Monitoring 

 

In the scope of this thesis, the main targets are to create the methodology of continuous 

commissioning and define what is continuous commissioning, a description of the main 

objectives, challenges and implementation in practice. In addition a case study will be 

made to existing building following the continuous commissioning methods and 

objectives. The main focus is to create a fault detection method for VAV-system by 

using existing BAS and enhance the building’s maintenance procedures. 

1.3 Research outline 

In this research an over look will be made to environment and the role of energy in 

society in order to create a common picture of current state of the effects of energy use 

to environment. A survey will be made to the energy consumption and energy saving 

targets in Finland and how the energy saving goals will be achieved. The energy 

performance of existing buildings will be covered more thoroughly maintaining the 

focus on HVAC related systems.  
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The term “building commissioning” will be presented from the point of view of 

continuous commissioning in existing buildings. The idea is to present thoroughly what 

is continuous commissioning and what are steps to be taken in order to successfully 

conduct continuous commissioning process in existing building. The HVAC related 

systems will be covered in the terms of continuous commissioning. The main target is to 

identify the main HVAC systems that affect the building energy efficiency or indoor 

climate. The purpose is to develop different tools or measures to be implemented to the 

building’s HVAC related systems in order to apply the fundamentals of continuous 

commissioning. 

 

The idea of selecting right tools or implementations to different HVAC related systems 

is that they are potentially the best candidates for implementing the principles of 

continuous commissioning. In the case study building the continuous commissioning is 

carried out by exploiting the current automation level of HVAC-system.. 

1.4 Research methods and structure 

The basis of literary review is to give an outlook of the research subject matter and the 

different themes related to it. At first a general overview is presented of the current 

impacts of energy use to the environment and how the buildings are related to the global 

climate changes and what is its social role in energy consumption. After that, it is 

described the goals and action that are implemented in Finland in order to achieve the 

goals that has been set from the perspective of building industry. 

 

At the second part there are described different measures to improve energy 

performance of existing building. An overlook of energy performance of buildings is 

described and the regulations and calculation methods related to defining energy 

performance of building. Finally there is described how the energy consumption usually 

divides between the major energy consuming systems in the building and present the 

basic implementation for improving existing office building energy performance of 

HVAC systems. 

 

The third part is an introduction for continuous commissioning process and a 

presentation of its different phases. The focus is to describe the continuous 

commissioning process and what are the main things to take under consideration when 

conducting continuous commissioning concept into existing building.  

 

In the fourth part a case study will be made following the concept of continuous 

commissioning. Beside only using literature, also as a study material will be used the 

design documents and information received from the building’s energy management 

control system (EMCS) of the case study building. The aim is to grate a picture, how 

the building works and which one of the HVAC systems would provide the best 

opportunity to apply continuous commissioning strategies and how it could be carried 

out. It is important to point out the specific parameters and their impact to the building 

performance. Based on that, it can be built and utilized different methods, 
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implementations and rules for the future commissioning action. In this study the main 

focus is establish continuous commissioning strategy for the case study building’s 

VAV-systems by using the current level of automation. The study focuses on 

identifying faulty pressure-independent VAV-system by using BAS. 

2 Energy and society 

Society is depended on undisturbed and secured energy distribution. The well-being of 

society is partly based on previously mentioned attributes but the effects of power 

production and use of energy is not always good for the environment.  

 

Climate system is getting warmer and that the most likely cause of global warming are 

emissions of greenhouse gases from human activities. It cannot be fully comprehended 

what are the impacts of global warming and how much of it is due to human activities 

and what is proportion of nature’s own cycles, but the observed global warming of the 

atmosphere and ocean, together with ice mass loss and risen sea level, the IPCC 

considers it to be very likely (> 90 % certainty) caused by human activities. (IPCC 

2007) Figure 1 illustrates, what kind of changes has happened on previously mentioned 

attributes during the past 100 years. 

 

 
Figure 1. Changes in temperature, sea level and Northern Hemisphere snow cover 

(IPCC 2007) 
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2.1 Development of energy efficiency regulations in Finland 

and EU 

In Finland, the interest on energy consumption started back in the early 1970s due the 

oil crisis. The goal was to increase the domestic energy production. During 1980s and 

1990s the strategies of energy efficiency were defined several times to reduce energy 

consumption by using it more efficiently and to reduce CO2 emissions. (Kasanen 1997) 

Until to the start of 2000 the energy efficiency strategies were made in a nation level. 

 

The role of the EU and the cooperation between member states in the field of energy 

efficiency and climate change has grown significantly from the star of this millennium. 

The European Union has set climate and energy targets for 2020. These targets, also 

known as the “20-20-20” targets, set three key objectives for 2020: 

 

 A reduction of 20 % on greenhouse gas emissions in EU from the 1990 levels 

 Raising the share of renewable resources on energy production by 20 % in EU 

 A 20 % improvement in the EU’s energy efficiency 

(European Commission 2014a) 

 

The directives of the European Parliament and of the Council on energy services, 

energy efficiency of buildings or equipment and their energy performance markings has 

increased significantly the growth of branch and produced new compulsory acts to the 

field of energy. The most significant of EUs directives in the field of energy efficiency 

are considered to be the Ecodesign directive (2005/32/EC) which was extended to cover 

all energy-related products in 2009 (2009/125/EC), directive on energy-end use 

efficiency and energy services (2006/32/EC), also known as energy service directive, 

which was then repealed by the energy efficiency directive (2012/27/EU), and the 

directive on energy performance of buildings (2002/91/EC) which was then revised and 

clarified in 2008 and adopted 2010 (2010/31/EU). (Ministry of environment 2009, 

European Commission 2014b, Official Journal of The European Union 2009, Motiva 

2014a, Europa 2010a, Ministry of Employment and the Economy 2013a, Europa 2010b) 

 

The directive (2009/125/EC) is commonly known as the Ecodesign directive, which 

provides consistent rules to the all member states of EU for improving the 

environmental performance of energy related products. European Commission gives 

individual product group-specific regulations based on the Ecodesign directive. 

Ecodesign directive defines the ecological demands on design and product development 

of energy using products. The aim is to integrate environmental consideration and life 

cycle thinking in the design phase of products. (Ministry of Employment and the 

Economy 2013b, Motiva 2014b) 

 

The directive on energy efficiency (2012/27/EU) covers the whole chain of energy from 

energy production and its distribution to its end-use. Compared to projections made in 

2007 showed that the EUs primary energy consumption in 2020 would be 1842 Mtoe. 

The 20 % reduction means that in the 2020 primary energy consumption should be 1474 
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Mtoe which is a reduction of 368 Mtoe as compared to projections. This directive binds 

the member states to formulate a national energy efficiency action plan (NEEAP) in 

every three years in order to drive energy efficiency improvements in households, 

industries and transport sectors so that the 20 % energy efficiency goal in EU could be 

achieved. The directive obligates the public sector to lead by example by renovating 3 

% of buildings owned every year in order to reduce energy consumption and for the 

large enterprises there is an obligation to carry out energy audit at least every four years. 

Energy efficiency directive’s aim is to improve the awareness on energy efficiency 

among the end-users of energy. (European Commission 2014c, Motiva 2014a, Official 

Journal of the European Union 2012, Luoma et al. 2012) 

 

Energy performance of buildings directive (2010/31/EU) purpose is to decrease CO2 

emissions of new and existing buildings by improving their energy efficiency. The 

building sector covers 40 % of the EU’s total energy consumption and about 36 % of 

the EU’s total CO2 emissions. Reducing energy consumption in this area is therefore 

important under the “20-20-20” objectives on energy efficiency. Under the directive 

member states adopt their own national methodology for calculating energy 

performance of buildings taking into account climatic conditions of the country, local 

conditions, indoor air requirements and cost-effectiveness. The directive sets minimum 

energy performance levels for new buildings which are expressed in the energy 

performance certification of buildings (E-value). The E-value calculation takes into 

account the primary energy production by primary energy factors per energy carrier. 

Existing buildings shall have their energy performance upgraded under major 

renovation so that it also satisfies the minimum requirements, if it is cost effectively 

reasonable. The directive also strongly pushes through the nearly zero-energy buildings 

(NZEB) by obligating that by the year 2020 all new buildings must be NZEB-buildings 

and after 2018 new buildings occupied and owned by public authorities are also nearly 

zero-energy buildings. As the main points of the directive there should be mentioned the 

implementation of energy certificate to almost all buildings, minimum requirements of 

the energy performance for different building types and regular inspections of heating 

and air-conditioning systems by certificated staff. The Energy performance of buildings 

directive (EPBD) also strongly encourages the introduction of intelligent energy 

consumption metering systems for new and existing buildings. (European Commission 

2014d, Europa 2010c, Motiva 2014c, Official Journal of the European Union 2010) 

 

In addition to these there are a few more essential energy and climate related directives 

in order to prevent the environmental hazards, such as the directive on the EU emissions 

trading systems (2003/87/EC) which was amended in the year 2009 (2009/29/EC) and 

the directive on renewable energy (2009/28/EC). 

2.2 Energy consumption and energy-saving targets in Finland 

The climate agreement of the UN, the record of Kyoto and the climate policy of the 

European Union sets the international framework for Finland's policy on climate 

actions. The set goals and measures of the European Union’s climate and energy 
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package in 2008 regulate the climate and energy policy on EU-wide and national level. 

The set goals are shown in Table 1. 

 

Table 1. EU's energy and climate goals in 2020 (Ministry of Employment and the 

Economy 2013c)

 

 

The total energy consumption of Finland has doubled between years 1970–2007 and at 

the same time consumption of electrical energy has risen fourfold. The total energy 

consumption was about 408 TWh (1469 PJ) and consumption of electrical energy was 

just over 90 TWh (324 PJ) in the year 2007. In the year 2013 the total energy 

consumption was 373 TWh (1341 PJ) and consumption of electrical energy was just 

over 83,9 TWh (302 PJ). In Figure 2 is illustrated the total energy consumption and 

final energy consumption by sectors between years 1970–2013. (Ministry of 

Employment and the Economy 2009, Statistics Finland 2014a) 

 

 
Figure 2. Total energy consumption and final energy consumption in 1970–2013 

(Statistics Finland 2014b) 

 

Finland’s goal of final energy consumption is 310 TWh (1116 PJ) in 2020 and the 

corresponding number in primary energy consumption is 417 TWh (1501 PJ). This 

means reduction of 37 TWh (133 PJ) in final energy consumption. The share of 

Goals in 2020 EU Finland

Reduction of greenhouse gases 1) -20 % level of EU

Covered by the EU emission trading system2) -21 % level of EU

Outside of the EU emission trading system2) -10 % -16 %

Share of renewable energy sources in final 

energy consumption
20 % 38 %

Share of biofuels in transport sector 10 % 20 %

Improving energy efficiency 3) +20 % level of EU

1) year of comparison 1990

2) year of comparison 2005

3) compared to estimated development in 2007 
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electrical energy is 5 TWh (18 PJ) and the rest is covered by heating energy and fuels of 

transport. (Ministry of Employment and the Economy 2013c) 

 

Finland has decreased greenhouse gas emissions by 8 % against the level of 1990 in the 

first Kyoto’s committed period between years 2008–2012. This means that Finland is 

obligated to maintain greenhouse gas emissions to the level of 1990. However, 

Finland’s greenhouse gas emissions would be without any new measures 20 % higher 

than the level of 1990 in the year 2020. This increase of emissions would be mainly 

caused by the emissions from energy production and industry. The sectors covered by 

the EU ETS are obligated to their emissions by 21 % against the level of 2005. Sectors 

that are not covered by the EU ETS (transport, space heating and agricultural sectors) 

are given nationally binding targets to reduce their emissions in these sectors. Finland’s 

is obligated to reduce greenhouse gas emission by 16 % against the level of 2005 by the 

year 2020. Figure 3 illustrates Finland’s greenhouse gas emissions in 1990–2013. 

(Ministry of Employment and the Economy 2013c, Motiva 2014d) 

 

 
Figure 3. Finland's greenhouse gas emissions in 1990–2013 (Statistics Finland 2014c) 

 

A goal is to increase the share of renewable energy sources from the present according 

to the objectives of the EU’s energy and climate strategies and Finland’s national 

renewable energy strategy. EU has set that Finland’s must increase the share of 

renewable energy sources in energy production by 9.5 % against the level of 2005 by 

the year 2020. In that case the share of renewable energy sources would be 38 % (set by 

the EU for Finland) of the total energy consumption in Finland. According to the RES-

directive, the EU’s goal is to increase the share of renewable energy sources by 20 % in 

energy consumption and by 10 % in transport sector. Finland has set its own national 

goal in transport sector. Aim is to increase the share of renewable energy sources by 20 
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% in transport sector by the year 2020. The most important renewable energy sources in 

Finland are bioenergy, particularly tree and tree based fuels, hydroelectric power, wind 

power, geothermal heat and solar energy. Peat is considered to be slowly renewable 

energy source and its share of Finland’s energy balance is 6 %. Figure 4 shows the share 

of renewable energy sources of total primary energy consumption in Finland. (Motiva 

2014e, Ministry of Employment and the Economy 2013d) 

 

 
Figure 4. Share of renewables of total primary energy 2013 (Statistics Finland 2014d) 

 

There has been set some national visions in order to move Finland closer to low carbon 

emission society. In government report visions has been set that in the year 2050 

building stock’s energy consumption would cover 60 % of total primary energy 

consumption and increase the share of renewable energy sources by 60 % of total 

primary energy consumption. The vision for car pool is that the CO2 emission would be 

20–30 g CO2/km in 2050. The long term vision in the government report is that Finland 

would transfer into emission free society in energy and transport sectors. 

(Valtioneuvoston kanslia 2009) 

3 Energy consumption and energy performance of 

existing buildings 

Buildings consume almost 40 % of the total energy consumption in Finland and are 

accounted for 30 % of CO2 emissions. Energy consumption of buildings includes space 

heating, use of electricity, constructing and the manufacture of building supplies. The 

share of buildings energy consumption and CO2 emissions is illustrated in Figure 5. 

(Ministry of Employment and the Economy 2009) 



11 

 

 

 
Figure 5. Buildings and climate change is Finland (Ministry of Employment and the 

Economy 2009) 

 

The final energy consumption of buildings is divided into heating electricity, district 

heating, oil and natural gas, wood and pellet and into apartment and real estate 

electricity. The share of building’s final energy consumption is illustrated in Figure 6.  

 

 
Figure 6. Share of building’s final energy consumption (Ministry of Employment and 

the Economy 2013e) 

 

The Finnish building stock is renewing slowly, only a one percent of the annual 

building stock is new buildings and the annual loss is 0.3–3 % depending on the 

building type. It is estimated that 75 % of the present building stock is still remaining in 

2050 and thus the existing building stock makes an enormous saving potential in energy 

consumption and reducing greenhouse gas emissions. (Ministry of Employment and the 

Economy 2013e) 
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3.1 Energy performance of buildings directive in Finland 

The Energy performance of buildings directive (EPBD) was adopted in 2010. The 

EPBD tightens the requirements of energy performance in new and existing buildings. 

The used calculation methodology may vary in national and regional level. The 

calculation methodology covers the annual energy performance of building and 

provides to the buyer or tenant liable information about the energy performance of 

building and offers recommendations in order to improve the energy performance of 

building in the form of Energy Performance Certificate (EPC). The EPBD also requires 

that when building undergoes a major renovation, its energy performance should be 

upgraded to meet the minimum requirements of energy performance. (Europa 2010c)  

 

The National Building Code of Finland D3 (NBCF D3) was adopted in 2012 and it 

tightened the energy efficiency requirements about 20 % compared to initial NBCF D3 

(2010). The National Building Code of Finland D3 (NBCF D3), Energy management in 

buildings, and the decree on Energy Performance Certificate (EPC 2013) sets the 

regulations and guidelines for calculating the annual energy performance for both new 

and existing buildings "E-value" (Ministry of the Environment 2011). The law on EPC 

(50/2013) came into force at June 2013 and it has been mandatory in new construction 

and in the case of leasing or selling old detached houses or block of flats. For the 

detached houses built before the year 1980, EPC is mandatory from the first of July 

2017. For terraced houses, office buildings and commercial buildings the new law of 

EPC will be effective the first of July 2014 and for health care, educational, assembly 

facilities the first of July 2015. (Environment 2013a) 

 

However, a new decree on improving energy performance in renovations (2013/4) came 

into force for buildings used by authorities in June 2013 and for other buildings in 

September 2013. There has been set minimum requirements for energy performance of 

buildings in case of licensed renovation, changing the purpose of use or renewing 

technical systems of existing building. For example renovations that usually require 

construction permit or planning permission are wide renovations in existing buildings, 

repairing buildings external wall panels, or renewing technical systems. Renovating 

existing building is still voluntary and the building’s owner may still decide when and 

in which extend he wants to renovate the building and what are the best methods in 

order to improve existing buildings energy performance within the limits of building 

regulations. There are presented three alternative methods for improving energy 

efficiency in renovation:  

1. Improving insulation and air tightness to the values that are in accordance with 

the demands  

2. Decreasing calculated energy consumption in standard use without fuel-specific 

factors (kWh/m
2
) to the required level  

3. Decreasing E-value (kWh/m
2
) to the required level 

(Ministry of the Environment 2013b, Decree on improving energy performance in 

renovations 2013/4) 
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In the decree (2013/4) has been defined specific demand for building’s technical 

systems. When improving buildings insulation and air tightness or renewing buildings 

technical systems, it is important that the implementations are not made in the expense 

of good and healthy indoor air quality. (Ministry of the Environment 2013b) 

 

The monthly based calculation method is presented in National Building Code of 

Finland D5 2012 (NBCF D5, 2012) or in standard SFS-ISI 13790 (2010) for buildings 

which has no cooling or the cooling is used in individual spaces. For other buildings the 

energy calculation method must be based on dynamic calculation tool following the 

regulations and guidelines set in the NBCF D3. The dynamic calculation tool must meet 

standards of EN, CIBSE or ASHRAE or other corresponding IEA BESTEST test 

scenarios as for heating and cooling energy calculation. (Vuolle 2013) 

 

The calculated E-value, for building or for different parts of building, is a result of 

multiplying building’s purchased energy and specific primary energy factor, divided 

with net heated area. The purchased energy is calculated with standard use, which 

means that heating and cooling set points, ventilation’s running time and amount of 

exchange air, lighting and equipment’s use of energy, the heat gain from people and 

consumption of domestic hot water are fixed to correspond the standardized values set 

in the BDCF D3 for different building types. The purchased energy must be calculated 

by the weather zone I (Helsinki – Vantaa weather conditions). The purchased energy 

means the energy which is purchased for example from the electricity grid, district 

heating or cooling grid or the renewable and fossil fuel based energy sources. 

Building’s purchased energy consists of heating, ventilation, cooling systems energy 

consumption and from energy consumption of equipment and lighting specified 

according to the form of energy in which has taken into account the reduction of on-site 

renewable energy production. Figure 7 presents the system boundary of purchased 

energy. (NBCF D3 2012, Energiatodistusopas 2013) 

 

 
Figure 7. System boundary of purchased energy (NBCF D3, 2012) 
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The idea of a primary energy factor (fx) is to encourage the use of renewable energy 

sources. The primary energy factor represents the consumption of natural resources and 

the CO2 emissions of the form of energy production. The primary energy factors are 

shown in Table 2. 

 

Table 2. Primary energy factors (NBCF D3 2012) 

 
 

The calculated E-value for different building types represents the buildings energy 

efficiency on scale from A–G and G is the worst. The E-value is expressed as a unit 

kWhE/m
2
 in a year and the calculation is presented in equation 1,  

 

  
                                     

    
         (1) 

 

where WE is purchased electricity (kWh/a), QDH is purchased district heating (kWh/a), 

QDC is purchased district cooling (kWh/a), Qfuels,i is the fuel’s i energy consumption 

(kWh/a) and Anet is heated net area (m
2
). Primary energy factors fx for each form of 

energy production is presented in Table 2. (NBCF D5 2012) 

 

The energy efficiency ratings from A to G for different type of building are presented in 

Table 3. 

Table 3. Energy efficiency ratings for different types of buildings (Decree on EPC 2013) 

 
 

The energy performance certificate (EPC) gives valuable information for comparing 

buildings energy performance and in case of leasing or selling building the energy 
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certificate should be presented. In the energy certificate, there is also presented some 

recommendations to improve building’s energy performance. (Environment 2013)  

3.2 Energy consumption in office buildings 

According to Santamouris & Dascalaki (2002) energy consumption in office building 

varies between 100 and 1000 kWh per square meter depending on geographic location, 

use and type of office equipment, operational schedules, type of envelope, use of 

HVAC systems, type of lighting system, etc. Office buildings energy consumption 

consists of heating energy consumption, cooling energy consumption and electricity 

energy consumption. The energy consumption of office building consists of: 

 

 Heating energy consumption: 

o Space heating (Tindoor,heating = 21–24 
o
C) 

o Ventilation heating (Tventilaiton,heating = 16–18 
o
C) 

o Domestic hot water (Tdhw = 55 
o
C) 

 Cooling energy consumption 

o Space cooling (Tindoor,cooling = 21–24 
o
C) 

o Ventilation cooling (Tventilation,cooling = 16–18 
o
C) 

 Electricity energy consumption 

o Lighting electricity 

o Electrical equipment 

o HVAC related equipment (pumps, fans etc.) 

 

The total energy consumption of office buildings is mainly sum of heating, cooling and 

lighting energy consumption, while a significant portion of energy is consumed in office 

equipment. (Santamouris & Dascalaki 2002) The general share of domestic hot water, 

ventilation and heating energy consumption in office building is illustrated in Figure 8. 

 

 
Figure 8. Heating energy consumption in office building (Granlund 2008) 
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From Figure 8 it can be said that heating energy consumption of ventilation and spaces 

causes a significant part of the total heating energy consumption in office building, 

covering 84 % of the heating energy consumption.  

 

Lighting and use of office equipment covers about 70 % of electricity consumption in 

office building. The general share of electricity energy consumption is presented in 

Figure 9. 

 

 
Figure 9. Electrical energy consumption in office building (Granlund 2008) 

3.3 Improving energy performance in existing buildings 

Energy audit is usually the first step to be taken in order to improve existing buildings 

energy performance. The purpose of energy auditing is to analyze the energy 

consumption of the building and point out potential energy saving measures and present 

profitability calculation of saving proposals. The Ministry of Employment and the 

Economy (MEE) subsidizes energy auditing for the commercial and public buildings 

and industry and energy sectors. In Finland, Motiva is responsible of monitoring the 

quality of energy audits reports, promotion and marketing, and developing energy 

auditing guidelines and procedures. Motiva runs an energy auditing follow-up system 

that compiles data on all energy audits and oversees the quality control of energy audit 

reporting and also trains energy auditors and advice audit customers and auditors. 

(Motiva 2013a, Motiva 2013b) 

 

The recommended saving measures in the energy auditing reports with estimated 

savings and investment costs are stored in Motiva’s energy auditing follow-up database. 

The measures are classified into seven main categories of system level plus the 

classification “Other energy saving options”, which mainly contain recommendations 

for measures to do with industry’s process service system and processes. The division 

of main categories includes the most common saving options, either according to 
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system or kind of measure. Reported audits (1100 audits) from the period 2007-2012 

contain approximately 8000 saving measures. (Motiva 2014g) The division of these 

measures to different categories is shown in Table 4.  

 

Table 4. The division of energy saving measures in 2007–2012 (Motiva 2014g) 

 
 

Saving measure

Count Saving 

potential

Investment Payback 

period

pcs 1 000 € 1 000 € a

1 Heating System 110 6 206 37 713 5,6

1.1 Heat production 255 1 182 1 627 0,7

1.2 Decrease of indoor temperature 291 646 222 0,4

1.3 Improvement of the adjustment 278 448 1 377 3,3

1.4 Improving the air tightness of envelope 29 40 169 4,2

1.5 Improving isolation (pipes, tanks) 49 365 392 2,9

Heating Systems in total 1 012 8 886 41 500 4,7

2 Ventilation System 183 2 187   13 319   5,8

2.1 Runtimes of ventilation 1 382 5 112   1 650   0,4

2.2 Halving or reducing airflow 265 962   840   1,1

2.3 Dividing the service ares of ventilation 19 106   298   2,8

2.4 Adjustment of heating ventilation 355 636   524   0,6

2.5 Heat recovery opportunitys 616 9 022   36 598   3,8

2.6 Passive night ventilation 23 52   122   1,9

Ventilation Systems in total 2 843 18 077 53 351 3,0

3 Water Supply System 45 458   671   2,4

3.1 Limit the water flow rate of water tab 608 624   630   2,0

3.2 Exchange of water tab 36 86   242   3,4

3.3 Reduce of hot water temperature 37 34   54   3,0

3.4 Pipe isolation in technical room 2 4   20   5,6

3.5 Reduce toilet's flush water 28 13 107 8,0

Water Supply Systems in total 756 1 218 1 725 1,4

4 Electricity System 5 11   107   5,0

4.1
Checking of the tariff and of the voltage level and 

compensation of the idle power
254 825   1 613   1,7

4.2 Leveling of load peak and timing of consumption 4 20   0   0,0

4.3 Lighting 1 527 3 217   10 066   2,8

4.4 Electric heatings 322 412   426   1,5

4.5 HVAC equipment 66 125   533   2,2

4.6 Other electric equipment 240 1 931   7 439   1,9

4.7 change of using habits 27 53   9   0,4

Electricity Systems in total 2 445 6 593 20 193 3,1

5 Cooling System 107 942   5 341   2,2

5.1 Water consumption 11 112   53   0,7

5.2 Heat recovery of condensation 46 916   2 919   3,1

Cooling Systems in total 164 1 970 8 312 4,2

6 Structures 13 28   159   4,1

6.1 Windows and doors 84 282   1 836   6,0

6.2 Envelope 14 29   204   6,3

6.3 Rooftop 3 15   218   12,3

Structures in total 114 355 2 417 6,8

7 Pneumatic System 84 402   933   2,6

7.1 Fixing the leaks of pneumatic system 76 413   206   0,8

Pneumatic Systems in total 160 815 1 139 1,4

8 Other energy saving measures 461 14 293 52 378 3,7

All energy saving measures in total 7 955 52 207 181 015 3,5
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According to Motiva (2014g) almost 67 % of the energy saving measures are linked to 

ventilation and electrical systems (ventilation 36 % and electrical systems 31 %). 

Ventilation systems also represent the most significant part of cost saving potential (35 

% of the total cost saving potential). 

Even though there is a large scale of technical improvements in order to improve 

buildings energy efficiency, it is also important to notice that the effect of end-users also 

impacts to the total energy consumption of building. According to Helgrèn, (1999) it is 

possible to achieve 2 to 5 % energy savings just by changing building users behavior. 

 

When implementing energy saving measures to existing building, it is important to take 

into account the indoor air conditions. There is a various standards, guidelines and 

classification for indoor climate conditions in an international level, but in the EU-level 

the most significant standard is the European standard EN 15251:2007 (Indoor 

environmental input parameters for design and assessment of energy performance of 

buildings addressing indoor air quality, thermal environment, lighting and acoustics), 

which has been used as a baseline to create national indoor air conditions guidelines. In 

Finland, the Sisäilmastoluokitus 2008 (Indoor climate classification 2008) represents 

the indoor air quality target and design values. The indoor air conditions have been 

divided into three categories S1, S2 and S3, where S1 is the best. Minimum target levels 

for indoor climate conditions is set in the NBCF D2 2012, (Indoor climate and 

ventilation of buildings - Regulations and guidelines 2012), which is the same as the S3 

class which is presented in the Sisäilmastoluokitus 2008. The three indoor climate 

classifications has been described the following way in the Sisäilmastoluokitus 2008: 

(Sisäilmastoluokitus 2008) 

 

S1: Individual indoor climate 

Spaces indoor air quality is very good and there is no distinguishable smell in the 

spaces. There are no damages or contaminant sources within the space or in the space’s 

structures that reduce the indoor climate condition. Thermal conditions are comfortable 

and there is no draft or over heating in the spaces. User of the space can individually 

control thermal conditions in the space. There are very good noise and lighting 

conditions according to the purpose of the use of space and the level of lighting can be 

adjusted individually. (Sisäilmastoluokitus 2008) 

 

S2: Good indoor climate 

Spaces indoor air quality is very good and there is no distinguishable smell in the 

spaces. There are no damages or contaminant sources within the space or in the space’s 

structures that reduce the indoor climate condition. Thermal conditions are good. 

Usually there is no draft in the spaces but over heating of spaces can occur during 

summertime. There are good noise and lighting conditions according to the purpose of 

the use of space. (Sisäilmastoluokitus 2008) 
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S3: Acceptable indoor climate 

Spaces indoor climate conditions, thermal conditions, lighting and noise conditions 

meet the minimum requirements of national building code of Finland. 

(Sisäilmastoluokitus 2008) 

 

Operative temperatures target values are presented in Figure 10. The grayed area in the 

pictures illustrates the acceptable deviation of the target values of each indoor climate 

classifications (target value + acceptable deviation of the target value). 

(Sisäilmastoluokitus 2008) 

 

 
Figure 10. Operative temperatures target values. The grayed area in the pictures 

illustrates the acceptable deviation of the target values (Sisäilmastoluokitus 2008) 
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Indoor climate is in a relation to buildings energy consumption. Any energy saving 

implementations should be done in a safe way so that building’s indoor climate won’t 

suffer any negative impacts. It is also possible that buildings maintenance staff tires 

only to improve building’s indoor climate conditions in order to reduce the occupants 

complains from bad indoor climate conditions and thus ignores the impacts to buildings 

energy consumption. The aim should be that buildings automation systems would be 

used in energy efficient way so that the building operates according to its design intent 

and that the set goals to the indoor climate conditions will be achieved in all operating 

conditions. Continuous commissioning is essential on this way of thinking on 

improving and maintaining buildings systems in an energy efficient way. 

4 Building commissioning 

“Commissioning” comes originally from the USA due to the realization of the 1970s 

energy crisis that buildings could be build and used more energy efficient way. The 

term “Commissioning” was commonly understood as process for testing and balancing 

building’s heating, ventilation and air conditioning systems to meet the established 

standards and the acceptance of the building owner. (Liu et al. 2002, Moravec et al. 

2005) 

 

The main target for building commissioning is to produce an all-inclusive process of 

systematic quality assurance for building systems. The quality assurance for building 

systems verifies that the building and its systems are built and installed as designed. It 

also means that different building systems are tested and verified that building systems 

are capable to operate and maintain the design intent and the owner’s operational needs. 

The principal function of commissioning is to ensure that different systems like heating, 

ventilation, air conditioning, lighting control and other energy-using building systems to 

meet the owner’s performance requirements, and perform and operate as intended and at 

optimal efficiency. Ideally the building commissioning process starts at the beginning of 

the design process of new construction and continues throughout the life cycle of 

building. The commissioning process improves coordination between design, 

construction and occupancy. By making sure that the building systems and components 

are working properly and their installation has been adequately documented and that the 

plans are carried out with greatest efficiency, commissioning will produce better energy 

efficiency, improved indoor air quality and therefore also better quality of 

environmental health and occupant safety. (Kubba 2012, Haasl et al. 2006a) 

  

It is crucial to understand the different terms related to the “Building Commissioning” 

and it can be divided into four different categories, which two of them deal with new 

buildings and the other two existing buildings. Below is shown a list of these categories 

with a short description: 

 

 Initial Commissioning (I-Cx) is a systematic process which is exploited to the 

design and construction process of a new building including installation of new 
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systems in order to meet the systems performance requirements set by the 

building owner/user. 

 Retro-Commissioning (Retro-Cx) is conducted to an existing building in which 

a documented process was not previously implemented. 

 Re-Commissioning (Re-Cx) is process which is used after Initial 

Commissioning or Retro-Commissioning in order to verify, enhance and 

document the performance of building systems. 

 Continuous/On-Going Commissioning (CC / On-Going Cx) process is a method 

where the purpose is continually to observe building systems in order to 

maintaining, improving and optimizing the performance of building systems 

after Initial Commissioning or Retro-Commissioning. 

(IEA 2004, Jagemar et al. 2007)  

 

In this work the main focus is in continuous/on-going commissioning in existing 

buildings and therefore it is not relevant to cover the other three commissioning 

categories as mentioned above. 

4.1 Continuous/On-going commissioning in existing buildings 

It is quite common that buildings do not perform as design and intended. The building 

industry is highly competitive and usually the lowest bidding player wins the 

competitive bidding which can led to some inefficiencies and information gaps during 

the design and construction phase of new buildings and therefore buildings do not 

perform as intended. The lowest biding competition leads to short-sighted investment 

decisions in a new building, mismatching equipment and systems, improper installation 

and a lack of maintenance. (Legris et al. 2010, Pietiläinen et al. 2007) 

 

Because of the problems mentioned above, the building industry has faced quality 

problems within buildings and several studies have reported about these problems. In 

worst case scenario poor quality of buildings causes unhealthy indoor environment and 

air quality and thus may cause to sick building syndrome. The Finnish building stock is 

about 1.45 million buildings of which are non-commercial buildings 85 % and 

commercial and another type of buildings covers 15 % of the whole Finnish building 

stock in. Converted to cross floor area the Finnish building stock is 434 million m
2
, 

which of 274 million m
2
, or 63 %, is non-commercial buildings and 160 million m

2
, or 

37 %, are commercial and another types of buildings. The estimation for significant 

damp and mold problems in the Finnish building stock of the cross floor area is in small 

and row houses 7–10 %, in apartment buildings 6–9 %, in schools and day care centers 

12–18 %, in institutions 20–26 % and in office buildings 2.5–5 %. (Reijula et al. 2012) 

 

From the figures presented above, it is easy to say that there must be taken some kind of 

actions in order to improve quality of building operations and systems. To meet the 

challenges in order to make building perform according to design intent, a quality 

procedure has been developed, known as building commissioning. Even though the 

commissioning process is often seen as a way to ensure that a new building performs as 
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designed, it is also very effective way to restore existing building to perform at its 

optimal level. (Pietiläinen et al. 2007) Despite the fact, that many of commercial 

buildings are suffering from poor indoor air quality, thermal comfort and acoustics, the 

commissioning process for existing buildings is usually conducted from the energy 

savings point-of-view, whereas commissioning for the new buildings is driven by the 

non-energy objectives, such as overall building performance, thermal comfort and 

indoor air quality. (Mills et al. 2004) 

 

The purpose of continuous commissioning in existing buildings is that it exploits 

extensive metering and trending software for continuous energy efficiency monitoring 

and tracking equipment and systems operation in order to pinpoint operational problems 

and to improve and optimize the performance of building. Continuous commissioning 

focuses on optimizing system operations for the existing buildings in order to make 

energy savings and enhance indoor air quality from sustainable and persistent point of 

view. By ongoing monitoring and metering can be established a baseline for suitable 

operations to ensure the optimal building performance. Any deviation from the baseline 

can be detected and it creates an opportunity for continuous operational improvements 

and rapid equipment repairs. It is also important to notice that continuous 

commissioning may need re-commissioning, but it should be much less frequent. (Haasl 

et al. 2006b) 

4.2 Continuous commissioning process in existing buildings 

Continuous commissioning target is not to ensure that the existing building systems 

operate as originally design. It goes beyond operations and maintenance program and its 

goal is to develop optimal operational parameters and schedules to improve the overall 

systems and operations within the building based on the actual use of spaces and 

building conditions by and the variation of seasons. The target of continuous 

commissioning is to create an on-going process to indicate and resolve problems within 

the existing building such as dissatisfaction for the thermal conditions, unhealthy 

environment and poor indoor air quality, identify energy losses and optimize energy use 

and pinpoint targets for retrofits. (Liu et al. 2002) 

 

The continuous commissioning can be divided into two major phases. At first phase the 

main target is to identify building and its facilities to be included in the project and 

develop the project scope. This first phase is the project development phase. The second 

phase of continuous commissioning implements and verifies project performance. (Liu 

et al. 2002) The two major phases can also be divided into four subtasks: 

 Development phase 

o Planning phase 

o Investigation phase 

 Implementation and verification phase 

o Implementation phase 

o Hand-off phase 

(Haasl et al. 2006b, Haasl et al. 1999) 
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The basis of the continuous commissioning process is illustrated in Figure 11. 

 

 
Figure 11. Continuous commissioning process 

 

The expected benefits after conducting commissioning process in existing building are 

improved system operations, improved equipment performance, increased operations 

and maintenance staff capabilities and expertise, increased asset value, energy savings, 

improved indoor environmental quality and improved building documentation. (Haasl et 

al. 2006b) 

4.2.1 Planning phase 

The objective is to identify potential buildings, facilities or even a piece of equipment 

that will receive a continuous commissioning audit. As indicators for continuous 

commissioning auditing can be unjustified high energy use, or unexplained increase in 

energy consumption, constant failure of building equipment or system and continuous 

occupant complaints about indoor temperature, air flow and indoor air quality. If one or 

more previously mentioned criteria fulfills, it is possible to conduct continuous 

commissioning process. The best source of information to pinpoint the most 

problematic and promising targets for continuous commissioning is usually the building 

owner because of his or her knowledge of the building operations and costs. (Haasl et 

al. 2006b, Liu et al. 2002) 

 

In the planning phase, it is important to define objectives for the project. As it was 

mention before, usually commissioning in existing building aims to identify energy-

using-equipment and thus tries to obtain cost savings by improving the operations of 

building. Beside only identifying cost savings, it is important to identify and eliminate 

occurring indoor air quality and comfort problems. For an example, there is shown a list 

below for commissioning objectives in order of priority: 
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 To level up selected building system which needs limited performance 

monitoring in order to obtain cost-effective energy saving and develop metering 

and field measurement plans 

 Focus on building operational strategies and maintenance procedures in order to 

identify and to give recommendations to improve building energy performance 

and to reduce operating costs by improving operational and control schedules 

and set point. 

 Take a stand on health and safety issues in HVAC-related operations and make 

necessary programming changes to the building automation system. 

 Ensure that that commissioning process is an on-going process in the 

organization’s energy management program by gathering data and background 

information in order to develop an organization-wide commissioning guideline. 

 Point out any energy-efficient retrofits and supervise the technical implementing 

in mechanical systems. 

(Haasl et al. 1999, Haasl 2006b, Liu et al. 2002) 

 

According to Haasl et al. (2009), the first objective of commissioning is energy savings. 

The commissioning process usually starts from the desire of the building's owner. The 

building's owner is often more aware of the building's energy consumption than the 

indoor enviromnet. Therefore the first piority of commissioning process is usually 

energy saving meausres. The secondary objectives for commissioning existing building 

may be included the need to guarantee adequate ventilation, proper indoor temperature 

and humidity control in order to improve the occupants comfort, health and safety 

within building. (Haasl et sl. 1999, Liu et al. 2002) The continuous commissioning 

process combines the two main objectives in order to get the best results for energy 

savings and simultaneously guaranteeing required indoor environment. 

 

 It is also important to make sure that all system and operational problems are fixed 

correctly at the first time and thus reduces maintenance cost and increase equipment 

life. At the same time it is desirable to update building’s documentation and increase the 

operation and maintenance staff skills and procedures. Also plan and prepare building 

existing systems and equipment to interface with a new computerized energy 

management control system (EMCS) and create a baseline by benchmarking existing 

systems and equipment operational status. (Haasl et sl. 1999, Liu et al. 2002) 

 

In first phase the main goal is to evaluate the proper action to be conducted. For the 

evaluation is needed information such as actual monthly electricity, gas or oil bills and 

general building information (size, function, main equipment and occupancy schedules). 

If there is some shortage with the documentation, it may be crucial to recreating the 

documentation needed for the project. Any operational and maintenance records and a 

list of any problems in the building, such as thermal comfort, indoor air quality and any 

detection of moisture and mold should be documented. Based on the given information 

proper measurements and verification methods can be planned in order evaluate the 

selected problems and objectives. In many cases the proper measurements and 
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verification methods may be expensive and therefore the costs of measurements and 

verification must be weight against the need to verify performance or accomplishment. 

(Haasl et sl. 1999, Liu et al. 2002) 

Beside that it is important to define the objectives for commissioning in existing 

building, it is also crucial to notice that the commissioning team should be assembled in 

order to make the continuous commissioning successful. Possible commissioning team 

members are: 

 

 Commissioning lead 

 Building owner or owner’s representative 

 Building manager and staff 

 Design professionals 

 System specialist 

(Haasl et al. 2006b) 

 

Also some additional contractors may be part of the commissioning team, such as: 

 

 Installing contractor 

 Manufacturer’s representatives 

 Maintenance service contractor 

 Controls contractor 

(Haasl et al. 2006b) 

 

The commissioning lead can be either an independent commissioning provider or a 

member of the building owner’s staff. The commissioning lead responsibilities are 

assembling the commissioning team and assign roles and responsibilities to each 

member. The commissioning lead develops the continuous commissioning plan. 

Commissioning lead oversees the investigation or performs the investigation by 

reviewing existing building documentation and documents all deficiencies and 

opportunities that occur and provides energy savings and improved indoor air quality 

proposals. The commissioning lead will also facilitate all the needed meetings during 

the commissioning process and helps other team members to co-ordinate with each 

other and ensures that team members know their commissioning project responsibilities 

in order to meet the building owner’s expectations and wishes about how the building 

should operate. The commissioning lead also verifies that all retrofitted systems or 

equipment are adequate and the documentation and design are appropriate and develops 

diagnostic and test plans for building’s existing or retrofitted systems and equipment. 

(Haasl et al. 2006b, PECI 1998) 

 

Building owner or owner’s representative makes a crucial contribution to the success of 

commissioning project because of their knowledge of the building operations and costs. 

Beside that the building owner or owner’s representative is responsible of hiring or 

assigning commissioning lead and help the commissioning lead to build up the 

commissioning team, it is also responsible for developing the scope of the work and 
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clearly articulate the project’s objectives to ensure the operational requirements of the 

building. (Haasl et al. 2006b) 

 

When defining the goals of the continuous commissioning project, the purpose is to 

improve the overall maintenance and operation program and ease the work of the 

building staff. By including the maintenance and operation staff to the commissioning 

project it will improves the staff’s understanding of equipment and control strategies. 

Building maintenance and operational staff’s responsibilities for the commissioning 

project is to gather documentation and provide information on known problems in the 

building. It is also important to do appropriate preventive maintenance tasks and 

perform simple repairs or improvements and calibrate different heating, ventilation and 

air conditioning related sensors and start trending of key points that are crucial in order 

to successfully conduct the continuous commissioning project. (Haasl et al. 2006b) 

 

Design professionals may be included to the continuous commissioning project 

whenever the commissioning team coincides a problem within the building that needs 

new installation in order to improve building operation or when commissioning team 

need designer’s expertise regarding the design issues that are revealed during 

investigation and in such cases the ideal situation would be that the engineer who 

designed the original system may be brought to the team to help resolve occurring 

problems. (Haasl et al. 2006b) 

 

System specialist may be used as a part of the commissioning team whenever there are 

special technologies involved in the existing building, such as clean room, fume hoods 

or scrubber. Due the special technology in the building the system specialist may 

perform system inspection and diagnostic testing for the special system and give 

information and recommendations for the commissioning team about the special 

systems operation and are they operating properly. If there is a lack of documentation, 

the system specialist should complete the documentation up-to-date. (Haasl et al. 

2006b) 

 

Additional contractors may be used in the commissioning team when specific 

information about the equipment and systems operations is needed. In most cases 

additional contractor's responsibilities are limited due to their contract and any extra 

continuous commissioning responsibilities may need a new contract. This is usually the 

case where a system has been installed by a system manufacturer’s representative which 

also is responsible for the systems maintenance. It is also important to take into account 

that in some cases building’s operations and maintenance of the HVAC- and electrical 

systems controls are given to operations and maintenance subcontractor with a limited 

level of skill and therefore it is important to include these subcontractors to the 

commissioning team in order to improve their knowledge and expertise about building 

systems and operations. As well as service contractor may be useful for data gathering 

and performing systems and equipment adjusting and calibrating or testing, there may 

be also required some preventive maintenance tasks when problems occur within 
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building systems and equipment that are crucial to be fixed with the needs of the 

continuous commissioning project. To get specific information about building’s control 

sequences and programming, and also having the trend logging from the building’s 

energy management system control, the controls contractor’s knowledge about the 

energy management system and his or her expertise on programming and control 

sequences can improve control strategies for the existing building. (Haasl et al. 2006b) 

 

The planning phase’s deliverables should at least include the continuous commissioning 

project plan including project’s objectives and scope and a list of team members, their 

roles, responsibilities and expected deliverables with schedule for primary tasks. Based 

on the documentation and the information given by the building’s owner and staff, a 

brief building and system description, including a list of systems and equipment that 

will be investigated should be done and also a clear view about the building owner’s 

operational requirements. (Haasl et al. 1999, Liu et al. 2002) The process of planning 

phase is also illustrated in Figure 12. 

 

 
Figure 12. The process of planning phase 

4.2.2 Investigation phase 

The main task for the investigation phase is to understand the building systems and 

operations and solve existing problems, point out any deficiencies in the building 

systems and equipment and deliver potential improvements, and select the most cost-
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effective improvements through a systematic analysis of the building’s performance by 

observation and reviewing building documents, evaluating operational and maintenance 

practices, trending and testing of building systems. The purpose of investigation phase 

is to document existing comfort conditions, systems operations and energy 

performance. (Haasl et al. 1999, Haasl 2006b, Liu et al. 2002) 

 

Investigation phase starts with reviewing building documentation which allows the 

commissioning team to understand building’s major energy uses and integration issues. 

From the reviewed documentation the commissioning team should get the idea of the 

building’s originally design intent and the building’s main energy consuming systems 

and equipment with controls, mechanical and electrical, and get a list of equipment with 

nameplate information. There should be also available information about the control 

system documentation and sequences of operation and control diagrams, systems and 

equipment testing, adjusting and balancing reports and also their operation and 

maintenance manuals. (Haasl et al. 2006b) 

 

Next step during the investigation phase is diagnostic monitoring where the data is 

gathered about the building systems and when and how the systems operate. Usually the 

building’s energy management control system gives good information about the 

building’s performance under various modes and operating conditions over time but it 

may also need some extra methods for gathering information by using portable data 

loggers. This is usually the case when building’s energy management control system 

has some limitations in its ability to collect, store or present data and if the measurement 

points are not adequate enough to verify the systems or equipment operations that are 

under measurement. (Haasl et al. 2006b) 

 

After gathering the needed trend data from different building system and equipment and 

carefully analyzing the data received from the building’s energy management control 

system or portable data loggers, the commissioning team can identify any misbehavior 

within the building systems. The trend data only indicates a problem and therefore 

functional testing will be carried out in order to point out the root cause of a building 

system malfunction. In order to successfully carry out the functional testing, it is 

important to develop well-defined test protocol which includes how the test will be 

carried out, series of operating modes for the system, measurement points and 

recordings of the system performance in all operating modes. (Haasl et al. 2006b) 

 

The objectives are, after the results are analyzed from the data gathered by diagnostic 

trending and testing, to document building’s indoor comfort and systems operating 

conditions and also define the building’s baseline energy consumption model. Indoor 

environmental problems and system malfunctions in the building or in individual room 

should be documented based on the occupants or building staff’s complains, or 

interviews, and the data gathered by field observation and measurements. 

Documentation of indoor environmental comfort should include problem reports about 

spaces that are too cold or hot, too noisy or too humid. The documentation of systems 
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should focus on for example problems such as valve and damper malfunctions, broken 

mechanical or electrical control systems and components, continually repaired 

equipment or parts and the possibility of simultaneously occurring heating and cooling 

in the building. (Haasl et al. 2006b, Liu et al. 2002, Liu et al. 2003) 

 

In order to develop the whole building energy baseline models, which includes whole 

building electricity, cooling and heating energy models, long-term measurements are 

needed because the energy saving measures are weather depended and these models are 

usually expressed as function of outside air temperature. By using long-term 

measurements for electricity, gas and thermal consumption, it is easier to spot unusual 

energy consumption patterns and fixing these unusual energy consumption patterns may 

lead to significant energy saving results. Also utility bills, such as electricity, gas and 

chilled or hot water bills, are important source of information for developing the 

building energy-use baseline. Baseline models of building energy performance are 

necessary if energy savings are to be documented after the building is commissioned. 

For systems or equipment, that is not weather depended, short-term measurements are 

the most accurate and cost-effective way to verify potential energy savings. (Liu et al. 

2002)  

 

The building energy baseline can be also determined with a simulation program. The 

European parliament and council of the European Union’s energy performance of 

buildings directive (EPBD 2010/31/EU) states that when existing building undergoes a 

major renovation, the renovated building or the renovated part of the building’s energy 

performance must be upgraded in order to meet minimum energy performance 

requirements so far as it is technically, functionally and economically feasible. 

According to Finnish building regulation (NBCF D3 2012, NBCF D5 2012) parts D3 

and D5 building’s net heating and cooling energy consumptions must be calculated with 

a dynamic method in building’s that has cooling in most of the building’s spaces. 

Commercial buildings are usually counted for this type of buildings, which need the 

hourly based dynamic calculation method in order to verify that indoor temperature 

stays within the demand of Finnish building regulations during the summer time. 

Combining the two meanings of energy performance of buildings directive and the 

Finnish building regulations in cases, when commissioning of an existing building 

occurs the need of making major energy-saving retrofits or renovations for different 

systems and equipment, an energy certificate must be calculated and verified in order to 

meet the minimum energy performance requirement. This hourly based dynamic 

calculation/simulation method may be used for creating building’s whole energy 

consumption baseline before and after any major retrofit or renovation in existing 

buildings and thus be used in the continuous commissioning project. The final output of 

these simulation based dynamic calculation methods are usually the energy performance 

of the whole building generally expressed as carbon dioxide emission but there is also 

available more detailed information about energy performance indicators, such as the 

heating and cooling load of building and different thermal zones, energy efficiency of 

systems and equipment are also usually expressed (Wang et al. 2012). 



30 

 

 

After reviewing building documentation, gathering data from diagnostic monitoring and 

performing functional testing the deliverables for investigation phase are a report on 

building’s current energy performance and existing systems conditions, such as the 

control sequences and set points of all major systems and equipment, occurring comfort 

and system problems, a list of broken or malfunctioning control sequences, equipment 

and control devices. A detailed metering plan if new meters, such as data loggers, are to 

be used. Also there should be a plan for existing problems and solutions for fixing these 

problems and a list for repairs required for different equipment. A plan is also made in 

order to improve building’s control and operations sequences. The report of 

investigation phase should be used as decision-making tool in order to prioritize and 

select operational improvements. In order to select measures for implementation, the 

report consists of investigation findings, recommended solutions and a cost benefit 

analysis for different operational improvements within the existing building. (Haasl et 

al. 2006b, Liu et al. 2002) The process of investigation phase is presented in Figure 13. 
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Figure 13. The process of investigation phase 

4.2.3 Implementation phase 

The implementation phase should start by organizing and defining existing problems 

and how these problems are to be solved in order to meet the building owner’s or 

owner’s representative performance requirements. It is clear to say that due the budget 

of each continuous commissioning project, all existing problems cannot be fixed and 

that is why an approval must be obtained for each continuous commissioning measure 
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from the building’s owner or owner’s representative. (Haasl et al. 2006b, Liu et al. 

2002) 

 

An implementation plan is developed in close cooperation between the commissioning 

team and building’s owner or owner’s representative. Due the this cooperation the 

building’s owner or owner’s representative approves the scope of work and each 

improvement to implementation and the plan for recommended methods for calculating 

energy savings and requirements for verifying the performance of the measures after 

implementation. The implementation plan should be detailed enough that the chosen 

implementations may perform by sub-contractor or in house staff. (Haasl et al. 2006b) 

 

At the top of the implementation list are existing comfort and difficult control problems. 

In order to improve occupant comfort and increase productivity, these problems should 

be dealt first. The increased productivity and improved occupant comfort economic 

benefits may be higher than the energy cost savings but it is more difficult to verify. 

(Liu et al. 2002) According to Liu et al. (2002) to provide benefits to the building 

occupants as quickly as possible, the implementation of improving building operations 

and control schedules should start at the end of the comfort delivery system e.g. 

terminal boxes, and end to the central plant. 

 

After implementing improvements and before verifying the benefits of improvements, 

all the implemented equipment and systems must be retested, by using for example 

building’s energy management control system, data loggers, functional testing, 

observation and a combination of these methods, in order to ensure that the 

improvements are operating as intended. The idea is to test that the implemented 

improvements are working and maintain the newly designed set points at all different 

operational times. The data gathered from testing each improvement or the combination 

of improvements are compared to the original baseline data in order to verify that the 

improvements have the designed effect and also be used to update the energy savings 

estimates. It is also important to verify the improvement of comfort conditions and the 

verification should be done at same places as the initial measurements were conducted 

under the same comparable conditions to clarify the impact of improvements on room 

conditions. The benefit of doing comparison to the original energy baseline and 

updating it, is that any future performance improvements can be compared against the 

verification data to ensure benefits of persists. (Haasl et al. 2006b, Liu et al. 2002) 

 

The deliverables of the implementation phase should be a detailed documentation of 

implemented energy savings and indoor comfort operations and control sequences and 

operational and maintenance guidelines for these measures and also additional measures 

recommended for the future implementation. The gained results before and after 

implementation of continuous commissioning should be compared to each other. The 

implementation phase report should also include annual energy savings estimations 

based on the previously measured data. (Liu et al. 2002) The process of implementation 

phase is shown in Figure 14. 
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Figure 14. The process of implementation phase 

4.2.4 Hand-off phase 

The main goals of hand-off phase is to keep the commissioning continuous by 

maintaining improvements on energy savings and indoor comfort by providing annual 

measured data on energy savings and monitoring indoor air quality. A final report 

should be developed which includes all implemented activities and measures during the 

continuous commissioning process in order to maintain the performance of the 

improved systems by giving recommendations for operational and maintenance 

practices to ensure long-term persistence of energy savings and improved comfort in the 

existing building. (Haasl et al. 2006b, Liu et al. 2002) 

 

The continuous commissioning activities and recommendations for monitoring and 

maintaining the implemented improvements should be summarized and provided in the 
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final report of continuous commissioning. The final report should include the 

background of the continuous commissioning process and general building description, 

updated building documentation including the implemented improvements for systems 

and equipment. The plan for building’s energy management control systems trending 

and for logger diagnostic with different system’s diagrams and building’s equipment 

and operational schedules or sequences. A detailed list of different systems or 

equipment descriptions and their control and alarm set points. A list of conducted 

functional tests for systems and equipment and results of these tests included with 

recommendation for frequently testing for implemented systems and equipment with 

reference values or operational set points. The report should also include a complete 

documentation for the operational and maintenance staff of new strategies for 

preventive operations and maintenance and information on ongoing diagnostic 

implemented in the existing building. Updated estimation of energy saving and the true 

value of implemented systems and equipment improvements and also recommendations 

for future renovations with estimated costs. (Haasel et al. 2006b, Liu et al. 2002) 

 

Updating building documentation is helps to ensure that the benefits of continuous 

commissioning persist because without the recorded knowledge gained form 

commissioning process, the long-term benefits may be lost during time. By updating the 

equipment lists it is easier to keep on track of the main energy consuming systems and 

equipment. By updating systems and equipment control and operational schedules, 

sequences or set points and identifying HVAC-systems and equipment with 

identification number and name including systems model, serial number and 

manufacturer’s name and the location of the equipment and its specific operational set 

points and service area within the existing building, helps to draft detailed operational 

and maintenance manuals. (Haasl et al. 2006b) 

 

The purpose of operational and maintenance manuals is to help building’s staff to 

operate, maintain and troubleshoot systems or equipment malfunctions in order to 

ensure persistence of benefits. Well-organized operational and maintenance manuals 

helps the staff to use them more effectively. One way to increase the usability of 

operational and maintenance manuals is to organize the manuals by different building 

systems with index and table of contents. (Haasl et al. 2006b) According to Haasl et al. 

(2006b) the content of operational and maintenance manual should be as it follows: 

systems or equipment installing contactor’s information including equipment or system 

information (performance curves e.g. pumps, fans, chillers, warranty information etc.) 

and test data, specific instruction and design documents of installed systems and 

equipment including start-up procedures and their operational sequences with control 

strategies, spear parts list of building’s major systems and equipment and preventive 

maintenance requirements and timetables, copies of commissioning testing, adjusting 

and balancing reports for systems and equipment, if the reports are adequate for 

comparing past and present performance of a system, and also specific procedures for 

troubleshooting malfunctioning systems and equipment. 
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The updated control system documents should be a detailed system diagram in which is 

showing all the actual location of the points and enables the user to see the entire 

process for example heating, cooling and ventilation of different rooms or whole 

building. These one-line diagrams should also include all the input and out points in the 

control system with logical and clear naming convention, point type, sensor or actuator 

type, measuring accuracy, name and type of the related equipment or component to the 

sensor or actuator, the control center in which it is attached, operations and alarm limits 

and trending frequency. (Haasl et al. 2006b) 

 

A detailed sequence of operation document should be created and updated after 

implementing new schedules and sequences to the building’s energy management 

control system. The sequences of operations should be put also in writing and the 

reasons for changes on sequence of operations should be described fairly in order to 

rationale the changes made and to have unanimous comprehension of the 

implementations for making sure that the improvement persists. Usually the changes for 

sequence of operation are made for HVAC and lighting systems. (Haasl et al. 2006b, 

Liu et al 2002) 

 

In order to keep the continuous commissioning persistent, building’s operational and 

maintenance staff should have frequent training. They should have an understanding 

about the measures that were implemented during the commissioning process. A well-

designed training plan should be developed in order to ensure that the building’s 

operations are working on its optimal level so that the maximum benefits from the 

commissioning process can be maintained throughout the building life cycle. Well 

documented building design and operations and as well as offering to the building’s 

staff frequent training ensures that any important information about the building 

operations won’t be lost during time and the expertise of building operations is not 

depended on one man. It is crucial to the staff responsible for building’s energy 

management control system to understand and use the trending and alarming functions 

in the control system. That is why the training’s main focus for the building operational 

and maintenance staff should be on the building’s energy management control system in 

order to ensure that the staff understands how to retrieve and analyze the data in order to 

notice any peculiar behavior within the building operations or equipment and review 

alarm logs in order to keep the building operations on a high efficiency level. (Haasl et 

al. 2006b, Liu et al. 2002) 

 

Through the building’s energy management control system, it is easy to track building 

performance and detect and diagnose early any problems or malfunctions in building 

operations and equipment and respond to them rapidly well before they lead any 

comfort complains. By using performance tracking, it is easier to detect risen energy 

costs or unexpected equipment or system failure. The performance tracking can be 

divided into three different strategies: 
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 Benchmarking is procedure where the building’s energy use over time is 

compared to other similar buildings or on calculated energy simulation of the 

same building as a self-reference. 

 Utility tracking measures building’s energy consumption over time and hand 

helps to understand building’s energy use patterns in order to track emerging 

problems beforehand. 

 Performance monitoring is based on building’s energy management control 

system where building’s energy usage data and trends are gathered from 

building’s energy using systems (HVAC, electricity etc.) over time and be then 

analyzed. There can also be set ups for different alarms which compare several 

variables to limits that are depended on the current operating mode of the 

building. 

(Haasl et al. 2006b, Wang et al. 2012) 

 

Nevertheless of which of performance tracking strategies is being in use, a skilled 

operation and maintenance staff is needed in order to ensure that building operations 

persist on high efficiency through the life cycle of building. 

 

Preventive operations and maintenance program is effective way to ensure that long-

term energy-efficient performance persist. After commissioning process, the idea of an 

preventive operations maintenance program is not just to improve reliability and 

increase equipment life like in the typical preventive maintenance plan which usually 

consist of checklist of maintenance tasks and a schedule for performing them, but also 

push for checking building’s operational and control issues and investigating faults and 

opportunities that effect building’s energy-efficiency. A reference list of building 

systems and equipment functional parameters and the building’s adjustable settings 

should be created in order to help monitor and maintain the correct settings for the 

building. The preventive operations and maintenance plan should contain building 

operations information with parameters of normal building use operation, control 

strategies with systems and equipment settings and set points and alarm limits for 

building’s operating modes. There should be also available maintenance information 

which includes maintenance task description and schedule, the expected efficiency of 

system or equipment and equipment’s expected life and also procedures for collecting 

and documenting required information about systems and equipment condition and their 

current operational parameters and set points. (Haasl et al. 2006b, Liu et al. 2002) 

 

It is recommended that after one year the continuous commissioning implementation is 

completed, there should be provided a written project follow-up report which 

documents and verifies the first year’s energy-savings. Follow-up report may also 

include recommendations for changes that may occur during writing the follow-up 

report based on building’s owner or owner’s representative consultation or site visit and 

also future recommendations for further improving building operations and energy 

efficiency. (Liu et al. 2002) In Figure 15 is presented the process of hand-off phase. 
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Figure 15. Process of hand-off phase 

4.3 Non-energy and economic benefits of continuous 

commissioning 

Continuous commissioning offers several benefits for building owners and occupants. 

Below is listed a short description of these benefits: 

 

 Improved system operations 

 Improved operational and maintenance staff capabilities and expertise 

 Increased asset value 

 Energy savings 

 Improved indoor air quality 

 Improved building documentations 

 Improved building occupancy productivity and safety  

 Improved systems and equipment life cycle 

(Haasel et al. 2006b, Moravec et al. 2005, Pietiläinen et al. 2007) 

 

There has been made a research about the cost-effectiveness of commissioning existing 

commercial building. The research’s findings were for commissioning existing 

buildings that the median commissioning costs were 0.27 $/ft
2
 (2.70 €/m

2)
, whole 
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building energy savings of 15 % and payback times of 0.7 years. The meta-analysis of 

existing buildings commissioning consist of 224 buildings. (Mills et al. 2004)  

 

According to Mills et al. (2004) building commissioning is one of the most cost –

effective and far-reaching method on improving the energy efficiency of buildings even 

though the economics of non-energy impacts are rarely quantified. Another research 

made in the USA states that on average the operating costs of commissioned building is 

8–20 % lower that of a non-commissioned building. (Moravec et al. 2005) 

 

Usually the commissioning process is related to HVAC-systems problems and offers the 

most cost-effective improvements by focusing on correcting operational and control 

device faults in HVAC-systems. (Mills et al. 2004) Below is listed the most frequently 

implemented measures: 

 

 Optimize airside economizers 

 Reduce equipment runtime 

 Reduce/reset duct static pressure set point 

 Revise control sequence 

 Add/optimize supply air temperature reset 

 Add variable frequency drive to pump 

 Reduce lighting schedule 

 Replace/repair/calibrate sensors 

 Add/optimize condenser water supply temperature reset 

 Add/optimize chilled water supply temperature reset 

 Add/optimize start/stop 

 Add variable frequency drive to fans 

(Effinger et al. 2010) 

 

The majority of the most frequently implemented measures, which are listed above, are 

related to control measures, such as revising sequences, adding and optimizing 

temperature resets and optimizing or reducing equipment use, because they offer a 

significant energy savings potential and they are relatively easy to identify. (Effinger et 

al. 2010) 

4.4 Current state of continuous commissioning 

There are various operation and maintenance strategies and a large scale of different 

tools for monitoring buildings performance in order to implement continuous 

commissioning in existing buildings. Maintenance can be defined as regular activity 

which ensures that buildings operating conditions persists. It consists of taking care of 

and repairing buildings systems and structures, cleaning, and nursing of outdoor area. 

(NBCF A4 2000) In the standard EN 13306:2010 (Maintenance - Maintenance 

Terminology) is listed maintenance activities: 
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 Inspection: examination for conformity by measuring, observing, or testing the 

relevant characteristics of an item 

 Condition monitoring: activity, performed either manually or automatically, 

intended to measure at predetermined intervals the characteristics and 

parameters of the actual state of an item 

 Compliance test: test used to show whether or not a characteristic or a property 

of an item complies with the stated requirements 

 Function check-out: action taken after maintenance actions to verify that the 

item is able to perform as required 

 Routine maintenance: regular or repeated simple preventive maintenance 

activities 

 Overhaul: comprehensive set of preventive maintenance actions carried out in 

order to maintain the required level of performance of an item 

 Fault diagnostic: actions taken for fault recognition, fault localization and 

identification of causes 

 Fault localization: actions taken to identify the faulty item at the appropriate 

indenture level 

 Restoration: event at which the ability to perform as required is re-established, 

after a failure 

 Repair: physical action taken to restore the required function of a faulty item 

 Temporary repair: physical action taken to allow a faulty item to perform its 

required function for a limited time interval and until a repair is carried out 

 Improvement: combination of all technical, administrative and managerial 

actions, intended to ameliorate the reliability and/or the maintainability and/or 

the safety of an item, without changing the original function 

 Modification: combination of all technical, administrative and managerial 

actions intended to change one or more functions of an item 

 Rebuilding: action following the dismantling of an item and the repair or 

replacement of those sub-items, that are approaching the end of their useful life 

and/or should be regularly replaced 

 Maintenance task preparation: supplying of all of the necessary information and 

identifying the required resources to enable the maintenance task to be carried 

out 

 Maintenance schedule: plan produced in advance detailing when a specific 

maintenance task should be carried out 

(SFS-EN 13306:2010) 

4.4.1 Maintenance strategies 

Standard EN 13306:2010 divides maintenance strategies into four different categories. 

In Figure 16 are shown different maintenance strategies. 
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Figure 16. Maintenance strategies (SFS-EN 13360:2010) 

 

Preventive maintenance is carried out at predetermined intervals or according to 

prescribed criteria and intended to reduce the probability of failure or the degradation of 

the functioning of an item. Under the preventive maintenance is placed predetermined 

maintenance and condition based maintenance. In standard 13360:2010 predetermined 

maintenance is described as maintenance procedure where according to established 

intervals of time or number of units of use but without previous condition investigation 

the maintenance operations are implemented whereas condition based maintenance 

includes a combination of conditioning monitoring and/or inspection and/or testing, 

analyzing and ensuring that the correct/needed maintenance actions are carried out. 

(SFS-EN 13306:2010) 

 

Corrective maintenance is the simplest maintenance strategy and it is described in the 

standard 13306:2010 as a maintenance procedure that is carried out after fault 

recognition and put an item into a state in which it can perform a required function. 

Corrective maintenance can be carried out without any delay after the fault has been 

detected (immediate) or the maintenance is carried out with a delay in accordance with 

given rules. (SFS-EN 13306:2010) 

4.4.2 Tools for building’s performance monitoring 

The aim of buildings performance monitoring tools has been on optimizing buildings 

operations, reduce energy costs and improve indoor climate conditions. The information 

tools for buildings operation and maintenance have concentrated on assessing building 

and system performance rather than on conditioning monitoring or prognostics of single 

equipment. Compared to standard building automation, these tools collect, process and 

visualize data using data acquisition and information from energy use data, building 

automation system, utility meters or separate sensors intended to this type of purpose. 

(Ihasalo 2012) Ihasalo (2012) has presented four examples of the capabilities of the 

current building performance visualization and fault detection and diagnostic tools at his 
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doctoral dissertation, which are presented shortly in this thesis in order to give an 

overview of these tools. 

 

BuildingEQ 

The BuildingEQ (BEQ) tool is a result of project Building EQ – tools and methods for 

linking Energy Performance of Building Directive (EPBD) and continuous 

commissioning during 2007–2009, sponsored by the European Commission. The aim of 

the project was to strengthen the link between EPBD certification process with 

continuous commissioning and optimization of building performance. The BuildingEQ 

tool uses times series, scatters and carpet plots to visualize the measured data. These 

measured and visualized data support the tool user to undertake manual fault detection 

and diagnostic. The tool also utilizes a simplified building model to identify faults. The 

model is based on CEN-standards and includes three components; building zone, air 

handling unit and system component. The model is used to compare measured data to 

the model prediction and to discover faults and optimization potentials. (Ihasalo 2012) 

In Figure 17 is illustrated the simplified scheme of overall system model and in Figure 

18 is shown the measured energy consumption versus model output.  

 
Figure 17. Simplified scheme of the overall system model (Ihasalo 2012) 
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Figure 18. Measured heat consumption vs. model output (Ihasalo 2012) 

 

The necessary data can be gathered by building automation system or separate data 

loggers in order to evaluate buildings performance. The minimum data set that is 

needed for the BEQ tool is shown in Table 5. 

 

Table 5. Minimal data set of measured data (Ihasalo 2012) 

 
 

The BEQ tool provides data handing, data visualization and model based analysis. 

 

 



43 

 

Taloinfo 

The tool called Taloinfo is a building performance reporting tool. The tool utilizes 

building’s automation system, access control, energy metering and maintenance 

management systems to gather real-time data and visualizes the data to assist in tracking 

building conditions and energy use. Taloinfo offers different user interfaces for non-

technical users and more detailed reports for expert users. (Ihasalo 2012) The structure 

of Taloinfo tool is illustrated in Figure 19 and examples of the user interfaces are shown 

in Figures 20 and 21. 

 

 
Figure 19. The structure of the Taloinfo tool (Ihasalo 2012) 
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Figure 20. Interface for non-technical users (Ihasalo 2012) 

 

 
Figure 21. Indoor condition related reports for expert users (Ihasalo 2012) 
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Building Dashboard 

Building Dashboard’s idea is to teach and inspire behavioral change in order to save 

energy and water resources in buildings. Building Dashboard is and interactive website 

display that provides energy and water use information on touch screen displays to the 

building occupants, visitors and to the public. The Building Dashboard gathers data 

from building automation and energy management systems, data-loggers and utility 

meters (Figure 22). The Building Dashboard store and processes the gathered data and 

transforms the data into information that is understandable for non-technical audience 

(Ihasalo 2012). For example, the building performance can be viewed by variety types 

of displays to visualize building performance based on real-time or historical 

consumption data and compare consumption to other buildings and look at consumption 

per person or per square foot. The users can choose in what unit the usage should be 

expressed in, for example in dollars spent or pounds of carbon dioxide emitted. Figures 

23 and 24 present examples of Building Dashboard displays. 

 
Figure 22. The structure of the Building Dashboard (Ihasalo 2012) 
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Figure 23. Comparison of solar generation and total electrical consumption (Ihasalo 

2012) 

 

 
Figure 24. Comparing energy consumption with targets (Ihasalo 2012) 

 

Enforma Building Diagnostic 

The Enforma software was one of the first diagnostic tools available on the markets and 

was intended for short term performance analysis using data loggers and building 

automation systems or other sources. Enforma is internet –based application for 

continuous performance monitoring and works with Tridium Niagara. The measurement 

data is first collected and stored in Tridium Niagara controllers and then downloaded 

into to a server were the Enforma software operates and transforms the data for 

continuous monitoring and diagnostics. (Ihasalo 2012) 
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The Enforma software is based on logical rules that describe the function of properly 

functioning air handling unit (AHU). The fault detection is performed comparing 

measurement data to logical rules in order to identify abnormal operations of an AHU. 

There are three examples of fault detection rules in Table 6 that are used in the heating 

mode of AHU. 

 

Table 6. Fault detection rules in the heating mode (Ihasalo 2012) 

 
 

where 

 Tsa = supply air temperature 

 Tma = mixed air temperature 

 Tra = return air temperature 

 Toa = outdoor air temperature 

 Tsa,s = supply air temperature set point 

 ∆Tsf = temperature rise across the supply fan 

 ∆Tmin = threshold on the minimum temperature difference between the return 

and outdoor air 

 Qoa/Qsa = outdoor air fraction = (Tma - Tra)/(Toa - Tra) 

 (Qoa/Qsa)min = threshold on the minimum outdoor air fraction uhc = normalized 

heating coil valve control signal [0,1] with uhc = 0 indicating the valve is closed 

and uhc = 1 indicating it is 100 % open 

 εt = threshold parameter accounting for errors in temperature measurements 

 εf = threshold parameter accounting for errors related to airflows (function of 

uncertainties in temperature measurements) 

 εhc = threshold parameter for the heating coil valve control signal 

 

Rule one verifies that the air temperature rises across the heating coil. Rule two checks 

that the mixed air damper is in the minimum outside air position by comparing several 

AHU temperature measurements with each other. The rule three notifies if the supply 

air temperature set point cannot be achieved. (Ihasalo 2012) 

 

The Enforma software visualizes the gathered data in three displays as an overall 

performance from a weekly snapshot view, daily fault detection reports and time-series 

plots to analyze the performance of AHU. In Figure 25 is shown a weekly snapshot of 

the overall performance,  
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Figure 25. FDD tool results showing detection of faults (Ihasalo 2012) 

 

where green color indicates no faults, yellow indicates of few faults and red indicates 

that there are many faults. The number in the cells shows the time in minutes that the 

AHU has operated in fault conditions. The marking "NA" means that there is no fault 

detection analysis in the AHU in question. (Ihasalo 2012) 

 

The more detailed information of the faults detected is provided in daily fault detection 

reports (Figure 26) which shows the information of the hour that fault occurred (hour 

column), the operation mode of the AHU (mode column) and the duration of the fault 

(minutes column) as well as it presents the rule that has been identified (rule column). 

Time-series plots (Figure 27) assist on confirming the faults and help identifying the 

root cause of the faults. (Ihasalo 2012) 
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Figure 26. Summary of detected faults (Ihasalo 2012) 

 

 
Figure 27. Graphical representation of the detected fault (Ihasalo 2012) 
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4.4.3 Selecting continuous commissioning strategy 

Continuous Commissioning is procedure that combines effective operation and 

maintenance strategies and uses different monitoring tools for constant building 

performance monitoring. 

 

There is no one size fits to all approach in the terms of operation and maintenance 

regimes. An optimal maintenance strategy is a mixture of the three previously described 

maintenance strategy in the chapter 4.4.1 because buildings are different in physical 

conditions and their usage requirements differ. To find the optimum strategy, every 

component of the building as an individual should be analyzed separately and the most 

appropriate maintenance strategy for each item should be selected. As a part of the 

selection process, health, safety and satisfaction of the user as well as the costs of 

maintenance tasks should be taken into consideration. (Ihasalo 2012) 

 

There are some limitations in every building performance monitoring tool and usually 

building performance monitoring is conducted by using various tools such as energy 

management systems and building automation system. In the chapter 4.4.2 was 

described four more developed tools for building performance monitoring. The common 

factor with this type of building monitoring tools is that they all collect, process and 

visualize data using data acquisition and information from energy use data, building 

automation system, utility meters or separate sensors intended to this type of purpose. 

The information tools for buildings operation and maintenance have concentrated on 

assessing building and system performance rather than on conditioning monitoring or 

prognostics of single equipment. However there is usually installed a small number of 

sensors in the HVAC-systems and some of the installed sensors can be inadequate and 

therefore may cause false alarms. The use of different monitoring tools requires 

participation of skilled professionals and often building operators and facility managers 

have several responsibilities beyond using these tools effectively. There are some 

insufficiencies for detecting and identifying occurring problems in the buildings 

systems. (Ihasalo 2012) 

 

The problem with maintenance planning and the use of building performance 

monitoring tools is that maintenance is typically budget driven and not based on actual 

need. Often the budget is below the needs of maintenance personnel and on the other 

hand, top managers on the strategic level criticized the inefficiency of the maintenance 

organization. Condition based maintenance and continuous monitoring methods and 

techniques are widely adopted in many buildings but there is very little documents to be 

found that describe the use of condition monitoring in buildings and therefore many 

maintenance organizations generally follow some formal or informal maintenance 

procedures and the building commissioning services are not routine yet in order to 

provide quality assurance for customers. (Ihasalo 2012) 
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4.4.4 Barriers of continuous commissioning 

Commissioning existing buildings has been proven to reduce energy consumption and 

also produce non-energy related benefits and has also improved to be highly cost-

effective method with short investment payback times but there are some barriers for 

conducting commissioning process in existing buildings. (Friedman et al. 2010) 

 

Commissioning is not “business as usual” due to the fact that a lack of awareness of the 

costs and benefits of commissioning existing buildings and the benefits of 

commissioning are not clearly understood by the decision-makers. Hence the building 

commissioning focuses on the operation of systems and their interaction, there is an 

impression that operational improvements may not persist over time. (Friedman et al. 

2010) Building commissioning process can be very time consuming and due to the lack 

of time and also budgetary constraints, as the commissioning is seen as an extra cost 

instead of investment, the commissioning process is hard to push forward into market 

because the documented commissioning methods are currently limited for conventional 

HVAC-systems and there is a lack of technical experts and tools for optimization, 

commissioning and data visualization. Due the lack of tools for building’s optimization 

and data visualization, the commissioning is therefore manual, time-consuming task. 

Moreover, building designers and contractors generally follow some formal or informal 

quality assurance procedures and the building commissioning services are not routine 

yet in order to provide quality assurance for customers. (Hagler Bailly 1998, Frank et al. 

2007) 

5 Case study 

In this chapter the aim is to describe the continuous commission process in existing 

building following the steps described in the chapter 4.2 and find out what are the 

prober implementations to be carried out in HVAC-related systems in order to improve 

building’s performance and operation and maintenance strategies. The research is a 

single case study and the research material of this case study was the existing 

documents of the building and also interviews of the maintenance personnel. The 

process of commissioning the Sanomatalo’s VAV-system is presented in Figure 28. 
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Figure 28. The process of commissioning Sanomatalo 

 

As it is presented in Figure 28, the continuous commissioning process is developed and 

applied based on the case study building’s VAV-system. The process is conducted by 

following the steps described in the chapters 4.2.1–4.2.4 and modified to fit in with case 

study building. In the case study building the BAS is in a high level and the necessary 
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measurement points to develop the fault detection tool for the VAV-system were 

already in the system and therefore there was no need for example data loggers. The aim 

is to build in to the current BAS the necessary logic rules to identify malfunctioning 

VAV-system by using the existing measurement points available in the system and 

comparing the measured data to the design values. 

5.1 The planning phase 

The planning phase consists of initial site-walk through the building in which is 

gathered the basic information about the building. The basic information consists of 

gathering the utility data and building documentation available, observing the main 

energy consumption systems and interviewing the building’s staff. Based on the 

gathered information, a general description of the building is made and the projects 

objectives and scope is determined. 

5.1.1 Case study description 

The object of the case study is an office building called Sanomatalo in Helsinki. The 

building was constructed between years 1997–1999 and was finished in July 1999. 

There are nine floors above ground and three floors underground. On the ground level 

are centralized service spaces, educational facilities and other public spaces. Rest of the 

spaces are above ground and are mainly office and conference rooms. Under the ground 

level is located engineering and utility rooms. In Figure 29 is a photo of Sanomatalo. 

 

 
Figure 29. Photo of Sanomatalo 

5.1.2 Basic information of the case study building 

Sanomatalo is an office building which serves about 1000 building users every day. The 

cubic content of the building is 213 500 m
3
 and gross area is about 42 734 bm

2
. The 

building has a double glass façade which utilize passively the solar radiation to decrease 
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the heating energy consumption of spaces and utilize the natural sun light in the offices. 

In Figure 30 is presented double glass facade and its benefits. 

 

 
Figure 30. Double glass facade and its benefits 

5.1.3 HVAC and lighting systems 

The building is connected to the district heating network of Helsinki. In the substation 

there are four heat exchangers: 

 

 Heat exchanger for ventilation (3250 kW) 

 Heat exchanger for spaces (510 kW) 

 Heat exchangers for domestic hot water (450 kW + 220 kW) 

 

Heating of spaces is mainly covered by radiators and convectors. The cooling power of 

spaces is covered by four liquid condensing water units and the total cooling power is 

about 1800 kW. The spaces are cooled by active chilled beams (75 % of the room’s 

cooling power) and the rest of the cooling power is covered by cooled supply air (25 % 

of the room’s cooling power).  

 

All areas of the building have mechanical ventilation. There are total of 24 supply air 

units and 44 exhaust air units. The heat recovery of ventilation is based on water-glycol 

or rotating heat recovery system. Ventilation of spaces is covered by the supply air 

blown through of the active chilled beams and the spaces exhaust air is removed by the 

exhaust air valve. Most of the spaces have a variable air volume (VAV) -system which 
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is controlled by the occupancy detector in different zones of the building. Some of the 

spaces VAV-system are controlled by the indoor air temperature and CO2 concentration 

of the space. The control of the studied VAV-system is presented in more detailed in the 

chapter 5.2.3 “The control of VAV-system. AHUs fans are controlled by the frequency 

converter. 

 

Buildings ventilation, heating, cooling and condition systems are centralized in 

Schneider Electric’s automation system (Figure 31). There are total of 2000 inspection 

points. 

 

 
Figure 31. Front page of building automation system (Schneider Electric) 

 

The lighting system was built afterwards by Computec Automation. Lighting is 

controlled by the occupancy and brightness detectors located in different rooms or 

zones. The lighting system is its own separate system and it doesn't interact with the 

centralized HVAC-automation system. 

5.1.4 Project’s objective and scope 

Two major problems were identified during site-walk-through the building and 

interviewing maintenance personnel: 

 

 HVAC related automation system was old and some of the set points were off 

from the design value 
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 VAV-dampers were not operating correctly (air flow rates too high or low 

compared to design values) and there is no fault detection available in the 

current automation system 

 

The objective was set to identify malfunctioning VAV-dampers by using current 

building automation system. The scope of this investigation was set to concern only one 

air handling unit in order to investigate that if is it possible to identify malfunctioning 

VAV-damper and estimate any energy savings that may be achieved by constantly 

monitoring VAV-dampers. 

5.2 The investigation phase 

The investigation phase sums the general energy consumption of a building. The 

creation of energy consumption baseline and the distribution of energy consumption is 

crucial for verifying possible energy savings that are made during the continuous 

commissioning process. 

 

The review of mechanical and control design is done based on the systems that are 

included in to the continuous commissioning process. In this case study, the 

investigated system is pressure-independent VAV-system. The scope was set to concern 

one air handling unit TK331. Based on documentations a recommended solution was 

developed in order to detect faulty VAV-damper or VAV-systems by using current 

BAS. 

5.2.1 Energy consumption of the building 

Building’s water consumption, heating and electric energy consumption are gathered 

into energy management system called Enerkey. In Figure 32 there are presented 

building’s district heating energy consumption between years 2011–2013. 

 

 
Figure 32. Actual and weather corrected district heating energy consumption 2011–

2013 
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The weather corrected district heating energy consumption is calculated by equations 2, 

3 and 4, 

 

      
  

  
                 (2) 

 

where the energy consumption of space heating Qh is 

 

                     (3) 

 

The energy consumption of domestic hot water is  

 

     
                                  

    
      (4) 

 

Explanations of the equations markings: 

 Qnorm = building’s normalized/weather corrected heating energy consumption 

 Qh = building’s heating energy consumption of spaces 

 Qtot = building’s total heating energy consumption 

 Qdhw = building’s domestic hot water energy consumption  

 Sn = heating degree days during the normal period 1981–2010 of the comparison 

region 3878 Kd 

 St = realized heating degree days of comparison region in the comparison year 

 ρwater = density of water, 1000 kg/m
3
 

 cp,water = specific heating capacity of water, 4,2 kJ/kg 

 Vdhw = consumption of domestic hot water Vdhw [m
3
] is usually 30 % of the total 

water consumption Vwater in office buildings (Vdhw = 0,3 x Vwater) 

 Tdhw = temperature of domestic hot water, usually 55…57 
o
C 

 Twater = temperature of cold water, usually 5…10 
o
C 

 3600 = conversion factor, kJ -> kWh 

(Motiva 2014g) 
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In Figure 33 are presented the distribution of electric energy consumption in 2011–

2013. 

 

 
Figure 33. Distribution of electric energy consumption in 2011-2013 

 

The distribution of heating energy consumption within the building in 2013 is 

calculated by Excel. The heating energy consumption and electric energy consumption 

of ventilation is based on actual performance values of air handling units (Appendix 1). 

The heating energy consumption of air handling units QAHU is calculated by equation 5 

and the electric energy consumption of air handling units is calculated by equation 6. 

The heating energy consumption of air handling units without heating recovery system 

is calculated by equation 5 by setting the energy efficiency of heating recovery system 

ηhrs to zero per cent (0 %). 

 

The heating energy consumption of single air handling unit QAHU is 

 

                               
    

    
          

    

    
           

17)           0,33 1  ℎ                                  (5) 

 

where  

 QAHU = heating energy consumption of air handling unit, kWh 

 cp,air = specific heating capacity of air, 1,0 kJ/kg 

 ρair = density of air, 1,2 kg/m
3
 

 qv,sa = supply air volume, m
3
/s 

 tweek = air handling units runtime on weekday, h 

 5 (d/w) / 7 (d/w) = runtime ration on week 

 tweekend = air handling units runtime on weekend, h 

 2 (d/w) / 7 (d/w) = runtime ration on weekend 

 St = realized heating degree days of comparison region in the comparison year, 

Kd 
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 Tsa = supply air temperature, 
o
C 

 17 = the maximum air temperature after heating recovery system, 
o
C 

 Sd = the duration of heating season, d 

 r = factor of AHU on day time use, 0.93 

 Qfan = energy consumption of fan 

 0,33 = waste heat factor of an fan (1- ηfan = 0,33), ηfan 

 ηhrs = efficiency of heating recovery system 

 

The electric energy consumption of fans is  

            
    

    
          

    

    
                                       (6) 

where 

 Qfan = electric energy consumption of fan, kWh 

 Pfan = electric power of fan, kW 

 tweek = air handling units runtime on weekday, h 

 5 (d/w) / 7 (d/w) = runtime ration on week 

 tweekend = air handling units runtime on weekend, h 

 2 (d/w) / 7 (d/w) = runtime ration on weekend 

 365 = days in a year, d 

 

The distribution of heating energy consumption of Sanomatalo in 2013 is presented in 

Table 7 and in Figure 34. 

 

Table 7. Distribution of heating energy 
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Figure 34. Breakdown of heating energy consumption 

 

From Figure 34 it can be seen that the ventilation covers 64 % (1985 MWh) of the total 

heating energy consumption (3110 MWh). Compared to the typical office buildings 

share of heating energy consumption (Figure 8, chapter 3.2) the energy consumption of 

ventilation is usually 28 % which is more than two times less than in the case study 

building. The share of space heating in typical office building is 56 % but in the case 

study building the share of space heating is 28 %, which is two times less than in a 

typical office building. The differences between the share of energy consumption of 

ventilation and space heating in typical office building and in the case study building 

can be explained that the case study building is mainly air heated and that the building 

has also much longer operational times than a typical office building. There is also quite 

big heat load from the computers, lighting and occupants. Heat energy recovered from 

the exhaust air was 1629 MWh, which means that the heating energy consumption of 

ventilation without any heat recovery system would be 3614 MWh and the annual heat 

gained from the heat recovery system covers about 45 %. 

 

The share of domestic hot water energy consumption in case study building is 8 % (247 

MWh) whereas the share of domestic hot water energy consumption in typical office 

building is 16 %, which is two times bigger than in the case study building. The 

consumption of domestic hot water in case study building was not measured and the 

energy consumption of domestic hot water calculation is based on an assumption that 30 

% of the measured cold water is domestic hot water. The total water consumption in 

2013 was 14 142 m
3
. 

 

The total electric energy consumption in 2013 was 7629 MWh and the calculeted share 

of ventilation (equaiton 6) was 1528 MWh. The share of ventilation of total electric 

energy comsumption is illustraded in Figure 35. 
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Figure 35. Share of electric energy consumption 

 

The share of electric energy consumption of ventilation (20 %) of the case study 

building is almost as much as in a typical office building in which the share of 

ventilation from total electric energy consumption is about 18 %.  

 

Ventilation is responsible for the major energy consumption of the case study building 

covering more than 60 % of the total share of heating energy and 20 % electric energy 

consumption. Based on these energy calculation and maintenance report made by the 

Schneider Electric in 2013, which states that more than 60 % of variable air volume 

dampers were not operating correctly, and therefore the ventilation system of the 

building offers a good opportunity to implement continuous commissioning strategy.  

5.2.2 VAV-system 

The VAV-damper is usually controlled by the indoor air temperature of certain zone or 

room, where the needed cooling power to the zone or room is controlled by adjusting 

the volume of supply air. The control of VAV-dampers can be also based on occupancy 

detector in different zones of the building or by the indoor air temperature and CO2 

concentration of the space. The need of ventilation varies by the load of the room 

especially in spaces in which the load of persons varies significantly. (Seppänen 2004) 

The principle scheme of VAV-ventilation is presented in Figure 36. The control of 

VAV-system is dealt with more profoundly in chapter 5.2.3. 
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Figure 36. Principle scheme of VAV-ventilation (Toivanen 2012) 

 

With VAV-ventilation system it can be saved energy and improve the indoor 

environmental conditions. The unnecessary use of ventilation increases the electric 

energy consumption of AHUs fans and also the cooling and heating energy 

consumption of supply air. The need for ventilation of spaces varies by the use/load of 

the space. The energy saving potential of demand controlled ventilation is illustrated in 

Figure 37. 

 
Figure 37. Energy saving potential of VAV-ventilation system 



63 

 

5.2.3 The control of VAV-ventilation system 

The VAV-ventilation system can be controlled in two different ways. The VAV-

dampers control systems can be divided into pressure-dependent or pressure-

independent systems. (Seppänen 2004) 

 

The pressure-dependent control system does not react to the pressure variations in the 

ducts but operates like normal control valve reducing or increasing the flow rate by 

adjusting the opening of VAV-damper. (Seppänen 2004) The pressure-dependent 

system requires constant pressure ductwork in order to operate correctly. 

 

The pressure-independent control system reacts actively to the pressure variations in the 

ducts by constantly measuring the air flow rate and keeping the air flow rate in its set 

point. (Seppänen 2004) 

 

In the case study building the VAV-ventilation systems is pressure-independent, where 

the supply air volume is controlled in the conference rooms by CO2 concentration and 

temperature of the room. Over the VAV-damper is measured pressure difference and 

from the measured pressure difference value over the VAV-damper can be calculated 

the supply air flow rate to the room. The VAV-dampers are controlled by master-slave-

control principle, where the VAV-damper in the supply air side is master and the 

exhaust air VAV-damper is working as a slave. The principle of the master-slave 

control system in the conference rooms is illustrated in Figure 38. 

 
Figure 38. Principle of master-slave control system in VAV (Fläkt Woods 2013) 

 

Temperature controller or CO2 controller GT1 with its built-in temperature or CO2 

sensor keeps the room temperature or CO2 concentration constant by increasing the air 

flow rate via air flow rate controller RC1 (Master) as the cooling requirement or CO2 

concentration increases. Air flow rate controller RC2 (Slave) increases the air flow rate 

via the actual value signal from RC1. The air flow rate is reduced if the cooling 

requirement or CO2 concentration is reduced. Max and min air flow rate settings are 

programmed into the master controller. If any pressure changes occur in the duct 

system, RC1 and RC2 adjust the damper’s position to maintain the specified air flow 

rate from GT1. (Fläkt Woods 2013) 
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The studied air handling unit TK331 serves for three conference rooms, entrance hall, 

WC, small kitchen and corridor. In the conference rooms the supply and exhaust air 

volumes are controlled by VAV-dampers by the CO2 concentration and heat load of the 

room. The schematics of AHU 331TK and conference rooms are presented in Figures 

39–41. 

 

 
Figure 39. The schematic of AHU 331TK 

The supply fan TF01 and exhaust fan PF01 are controlled from the BAS based on time 

and events schedule. Exhaust fan runs in parallel with supply fan. The supply and 

exhaust fans rotating speed are controlled by changing the control current by the 

frequency controllers (SC08 and SC21) in order to maintain the static pressure in its set 

up value in supply (PIE10) and exhaust (PIE19) ducts. The temperature of supply air is 

controlled by the TC10 in series with the heating coil’s control device FV04 and the 

heat recovery’s SC02 rotation speed and cooling coil control device FV05 so that the 

supply air temperature (for example 21 
o
C) is achieved at the point of temperature 

sensor TE10. The cooling coil’s control valve FV05 can open only when the outside 

temperature is more than its set up (for example +15 
o
C). 
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Figure 40. The schematic of conference room 1 

 

 
Figure 41. The schematics of conference rooms 2 and 3 

The VAV-dampers are controlled by the CO2 concentration and heat load of the 

conference rooms. The control program chooses the bigger air flow rate needed to space 

according to the set up values of the CO2 concentration or indoor temperature. Time 

schedule and/or the ventilation extension of time button (HS16.01) are controlling the 

rooms on use and off use state.  

 

The control of temperature when the space is in use 

The control device TC16.XX keeps the temperature (TE/TH16.XX) at it set up value 

(for example + 22 
o
C) controlling relatively in series the supply air VAV-dampers 

(IMS15.XX) air flow rate between minimum and design air flow rates (and also in the 

conference room 1, the fan coil unit PKN01.04 fan speed and cooling coil control 
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device 401FV01.04) . The temperature set point can be adjusted locally (± 3 
o
C) from 

the temperature adjustment device which is integrated in the temperature sensor 

TE/TH16.XX. 

 

The control of temperature when the space is off use 

The control is the same as when the space is occupied, but the temperature of space 

TE/HS16.XX set up value is +3.0 
o
C higher. When the AHU 331 TK is running in night 

ventilation or night cooling mode, the fan coil unit 401PKN01.04 is disabled. In Figure 

42 is presented the control of air flow rate based on the demand. 

 

 
Figure 42. The control of air flow rate based on the heat demand 

 

The control of CO2 concentration 

When the spaces CO2 concentration QE16.XX is under the set up value (for example 

700 ppm) the supply air VAV-damper IMS15.XX is at its minimum set up value. When 

the CO2 concentration QE16.XX increases the supply air volume is raised so that when 

the CO2 concentration reaches the higher set up point (for example 1000 ppm) the 

supply air flow rate is at its maximum value as it is illustrated in Figure 43. 

 

Exhaust air VAV-dampers IMS17.XX operates in series with the supply air VAV-

dampers IMS15.XX controlling the exhaust air flow rate of VAV-dampers IMS17.XX 

between minimum and maximum air flow rates. The air flow rate control by CO2 

concentration is illustrated in Figure 43. 
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Figure 43. The air flow rate control by CO2 concentration 

 

 

Design air flow rates of VAV-dampers 

When the VAV-damper is in its 0-set up, the VAV-damper is fully closed. The 

minimum air flow rate is for example -30 % of the design air flow rate and the 

maximum air flow rate is +20 % to the design air flow rate. The air flow rate to space is 

depended of the load of the room (CO2 and temperature) and based on those 

measurements the air flow rate fluctuates between minimum and maximum air flow 

rates. Design air flow rates of spaces are shown in Table 8. 

 

Table 8. Design air flow rates of spaces 

 

Supply a ir Design -30 % Design +20%

Supply air device VAV-damper Size Design l/ s Minimum l/ s Maximum l/ s

Entrance hall THB-TRI (V) 125 15

Small kitchen IRIS-125 / THB-TRI (V) 125 25

TRI/ S+TSP-160 IMS15.03 160 / 125 40 28 48

TRI/ S+TSP-160 IMS15.04 160 / 125 60 42 72

Negotiation room 2 TRI/ S+TSP-160 IMS15.02 160 / 125 40 28 48

IRIS-100 / ULA-100 100 10

T ota l: 330 246 386

Exhaust a ir Design -30 % Design +20%

Exhaust air device VAV-damper Size Design l/ s Minimum l/ s Maximum l/ s

Entrance hall URH-125 100 -15

URH-125 125 -20

Small kitchen URH-100 100 -10

PRI+EVA-300x150 IMS17.03 160 / 125 -40 -28 -48

PRI+EVA-500x150 IMS17.04 160 / 125 -60 -42 -72

Negotiation room 2 PRI+EVA-300x150 IMS17.02 160 / 125 -40 -28 -48

T ota l: -325 -241 -381

Corridor

Negotiation room 1 PRI+EVA-800x150 IMS17.01 250 / 200 -140 -98 -168

Space

Space

WC

Negotiation room 3

98 168

WC

Corridor

Negotiation room 1

Negotiation room 3

TRI/ S+TSP-160 IMS15.01 200 140
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5.2.4 Faults in the VAV-system 

According to site study made by Qin and Wang (2005) for VAV-air conditioning 

system 20.9 % of the VAV-dampers were ineffective and 10 main faults were detected: 

 

1. Temperature sensor error 

2. DDC error (Direct Digital Control error) of equipment 

3. Diffuser damper closed as requested by tenants 

4. Design flow too large compared to use and load of space  

5. VAV boxes dismantled by tenant 

6. Damper actuator failure 

7. Part of diffuser being wrapped by adhesive tape 

8. Temperature set point too low 

9. Abnormal space temperature requested by tenants 

10. Temperature sensor located too close to VAV diffuser outlet 

(Qin and Wang 2005) 

 

Even though there are a large variety of faults in the VAV-systems, two classical faults 

were identified in the case study building’s maintenance report of VAV-dampers made 

by the Schneider Electric in 2013. The faults were detected by field survey during 

regular maintenance procedure which included air flow rate measurement and condition 

checking of VAV-dampers. The two classical faults are: 

 

1. Mechanical jamming of VAV-damper 

2. Measurement error of pressure difference sensor in VAV-damper 

 

The mechanical jamming of VAV-damper means that the control device of the VAV-

damper is broken or the mechanical part is jammed and doesn't adjust the opening or 

closing of the damper. The VAV-damper's opening position is constant and does not 

adjust air flow rate according the load of the room. 

 

The second error occurs when the pressure difference hoses gets blocked over time due 

the impurities (dust and other particulates) of supply and exhaust air. The blocked hoses 

cause a measurement error of pressure over the VAV-damper and therefore the air flow 

rate to the room can differ from the design value. The air flow rate measurement and 

calculation method of the VAV-damper is presented in Figure 44. 
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Figure 44. Air flow rate measurement and calculation method of VAV-damper (Belimo 

2007) 

 

The control signal of the control device is usually 0–10 DC which is indicted in the 

BAS as a percentage value 0–100 %. The percentage value indicates the air flow rate 

through the VAV-damper compared to the nominal air flow rate of a VAV-damper. The 

air flow rate controllers have a measurement value signal (actual value signal) which is 

a flow-linear output signal from the controller which represents the actual air flow rate 

through the device. The measurement value signal is not affected by the set maximum 

and minimum limits, but always indicates 0 - 100 % of the nominal air flow rate. (Fläkt 

Woods 2013) Each VAV-damper has a nominal air flow rate. The nominal air flow 

rates of VAV-dampers are illustrated in Table 9.  

 

Table 9. Nominal air flow rates of VAV-dampers (Fläkt Woods 2013) 

 
 

For example VAV-damper’s size 160, where the nominal air flow rate qnom is 160 l/s, 

gives a 100 % measurement value signal at 160 l/s, a 50 % measurement value signal at 

80 l/s and a 0 % measurement value signal at 0 l/s. This linear control system is also 

illustrated in Figure 45. 
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Figure 45. Percentage of nominal air flow and actual value signal (Fläkt Woods 2013) 

 

The air flow rate measurement error occurs when the pressure difference hoses get 

blocked and the measured pressure difference is not accurate. The VAV-damper adjust 

the opening or closing by the measured pressure difference in order to achieve the 

needed air flow rate to the space. The blockage of pressure difference hoses falsifies the 

measured pressure difference and therefore the air flow rate to spaces is larger or 

smaller than the actual need of the space. However, the flow-linear output signal from 

the controller, which represents the actual air flow rate through the device, does not 

detect this blockage in the pressure difference hoses because the VAV-damper adjust 

the pressure difference to correspond the wanted air flow rate and the therefore the 

control signal and the air flow rate may seem to be correct compared to the design air 

flow rate.  

 

For example, in the case study building the indicate air flow rate of a VAV-damper was 

173 l/s. The actual value of air flow rate, which was measured directly from the VAV-

damper was 138 l/s and difference of indicated and actual air flow rate was -25.3 %. 

After cleaning the pressure difference hoses the measured air flow rate was 159 l/s and 

the indicated air flow rate was 168 l/s and difference between indicated and measured 

air flow rate was -5.6 %. Based on this example, it is easy to say that the difference 

between actual and indicated air flow rates cannot be identified directly by monitoring 

the VAV-dampers air flow rates and control signal form the BAS because the system 

does not identify the blockage of the pressure difference hoses. 

5.2.5 Identifying faulty VAV-dampers 

In the case study building, there is no fault detection for VAV-dampers. The VAV-

dampers are connected to BAS but the only information that is monitored is the 

measured air flow rate from the VAV-damper which is indicated in the BAS. 
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In this case study the fault detection of VAV-dampers is limited to a single air handling 

unit which serves for four conference rooms and a few secondary spaces. The four 

conference rooms has a VAV-dampers in supply and exhaust air side. The control 

system is so called master-slave system of the VAV-dampers and the air supply to the 

room is based on temperature load or CO2 concentrations. The developed identification 

for the two classical faults in the VAV-damper is based on so called rule based 

identification. The method that is developed and implemented to the case study 

building’s VAV-system is a bit similar to the Enforma Building diagnostics software 

that was described in the chapter 4.4.2. 

 

Mechanical jamming of VAV-damper can be identified directly from the indicated air 

flow rate in the BAS. In Figure 46 is presented the current VAV-dampers monitoring 

system.  

 
Figure 46. VAV-dampers monitoring system 

 

The current building automation system indicates only the air flow rates to the spaces 

and there is no indication about the air flow rate needed to the spaces based on CO2 

concentration and/or indoor temperature. In the current system it is impossible to 

identify malfunctioning VAV-dampers. 

 

The mechanical jamming can be identified by creating a rule, based on the needed air 

flow rate to the space and comparing it to the indicated air flow rate from the BAS. 

When the VAV-damper is jammed or the control device is broken, the VAV-damper 

does not adjust the air flow rate by the load of the room and the supply air flow rate 
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remains constant or dose not achieve the designed air flow rate. The principle of 

detecting the fault is presented in Figure 47. 

 

 
Figure 47. Mismatch of design air flow rate and indicated air flow rate 

 

The principle schematic for constant monitoring of the studied VAV-dampers for BAS 

is illustrated in Figure 48. 

 

 
Figure 48. The principle schematic for constant monitoring of a single VAV-damper 

from BAS 

 

The idea is to constantly compare the design air flow and the indicated air flow rates of 

a VAV-damper to space. VAV-dampers measured air flow rate is indicated in the 

current BAS but as it is presented in Figure 48, the design value needs to be also added 

to the BAS display in order to compare these air flow rates.  
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The design air flow rate (the reference value) is the estimated value that is based on the 

measured temperature and CO2 concentration of the room which defines the needed air 

flow rate to the space. This design value is the needed air flow rate to the space that the 

BAS automatically defines based on the measured data from room and gives the control 

signal to the VAV-damper to maintain, increase or decrease the air flow rate. This 

control strategy of the studied VAV-system is described in the chapter 5.2.3 "The 

control of VAV-ventilation system" and the control of air flow rates is illustrated in 

figures 42 and 43. The main thing was to create the constant comparison between the 

indicated air flow and design air flow rates. The design air flow rates were already 

"hidden" in the BAS but was not displayed nor utilized at all in the current system. 

 

The logical rules for comparing and identifying mechanical jamming are presented in 

Table 10. 

 

Table 10. Rules for identifying mechanical jamming 

 
 

Where Vsa is indicated air flow rate of VAV-damper from the BAS and Vdesign is the 

design air flow rate based on the measured CO2 concentration and indoor air 

temperature (estimated value, was already build in BAS). ∆t is monitoring time and 

τthreshold is the control time to identify malfunction in the system. The deviation limit of 

air flow rates is set to ±10 %.  

 

The second fault, measurement error of pressure difference sensor, cannot be identified 

directly from the indicated air flow rate of VAV-dampers. The monitoring and 

identifying faults in the VAV-damper must be conducted by monitoring the whole 

VAV-system, which includes the VAV-dampers and the air handling unit that serves the 

zone. The whole supply and exhaust air flow rate of the AHU can be monitored from 

the BAS. Based on the occupancy level and the indicated air flow rate from the VAV-

dampers and comparing it to the air flow rate indicated by the AHU, the faulty VAV-

system can be identified. In Figure 49 (Measurement points of AHU) and previously 

presented Figure 46 illustrates the monitoring system of whole VAV-system. 

 

Rule Rule Expression (true implies existence of a fault)

1 Vsa + 10% > Vdesign

2 Vsa - 10% < Vdesign

3 ∆t > τthreshold
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Figure 49. Measurement points of air handling unit 

 

The current building automation system indicates only the air flow rate of AHU’s and 

doesn’t compare it to the air flow rates that are indicated from the VAV-dampers. In the 

current system it is impossible to identify malfunctioning VAV-system. The 

measurement error of VAV-dampers can be detected by comparing AHU’s air flow rate 

to the sum of indicated air flow rates of VAV-dampers plus the air flow rate to 

additional spaces. The blocked hoses cause a measurement error of pressure over the 

VAV-damper and therefore the air flow rate to the room can differ from the design 

value but the indicated air flow rate seems to be in line with the design value. By 

comparing the summed air flow rates to the AHU’s air flow rate, it can be detected that 

one or more of the VAV-damper’s air flow rates doesn’t correspond to the indicated air 

flow rate of VAV-dampers. The principle of detecting the fault is presented in Figure 

50. 
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Figure 50. Mismatch of total air flow rate (AHU) and sum of VAV-dampers plus the 

constant air flow rates to additional spaces 

 

The principle schematic for constant monitoring of the studied VAV-system from BAS 

is illustrated in Figure 51. 

 

 
Figure 51. The principle schematic for constant monitoring of VAV-system from BAS  

 

The basic idea is to compare the indicated air flow rate from AHU to the sum of VAV-

dampers indicated air flow rates plus the air flow rate to additional spaces. The logical 

rules for identifying malfunctioning VAV-system is presented in Table 11. 
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Table 11. Rules for identifying faulty VAV-system 

 
 

Where Vsa,tot is the sum of indicated air flow rates of VAV-dampers from the BAS plus 

the constant air flow rate to additional spaces (ΣVsa + Vcav = Vsa,tot), VAHU, design is the 

measured air flow rate to the zone, ∆t is monitoring time and τthreshold is the control time 

to identify malfunction in the system. These two logic rules can be used also in the 

exhaust air side. The deviation limit of air flow rates is set to ±10 %. 

5.3 The implementation phase 

In the implementation phase is defined the work needed to implement the selected 

solution. A plan needs to be made for improvements to be implemented and 

requirements for verification. Also method needs to be made for calculating possible 

energy savings and verifying the performance after the implementation. The developing 

of implementation plan is crucial in order to successfully implement the selected 

operational improvement, which is in this case study is the constant monitoring system 

for VAV-dampers and identifying faulty VAV-damper or VAV-system. 

5.3.1 Measurement and testing plan for VAV-dampers 

The first phase of the measurement and testing plan is to inspect the current ventilation 

system and making sure that it is working as it was design. The air flow rates to the 

rooms must be verified by balancing the ventilation system to it design intend. After 

balancing the ventilation system and verifying that air flow rates to each room are as 

planned a testing procedures can be conducted. 

 

The testing of mechanical jamming can be done by manually adjusting the VAV-

dampers so that the air flow rate cannot be adjusted by the control device. This 

mechanical testing must be done to all VAV-dampers in order to simulate different 

operating situations. The demand of air flow rate to different rooms can be adjusted by 

using the BAS from which the air flow rates to spaces are set by manually according to 

the design values. The air flow rates of VAV-dampers, CO2 concentrations and 

temperatures of spaces are constantly monitored by using the BAS. 

 

The testing of measurement error of pressure difference censor is basically conducted as 

it was described before. To simulate the blockage of the pressure difference hoses, the 

hoses are blocked manually by downsizing the air flow rate from the BAS. The demand 

of air flow rate to different rooms is adjusted by using the BAS from which the air flow 

rates to spaces are set by manually according to the design values. The air flow rates of 

VAV-dampers and AHU, CO2 concentrations and temperatures of spaces are constantly 

monitored by using the BAS. 

Rule Rule Expression (true implies existence of a fault)

1 Vsa,tot + 10 % > VAHU

2 Vsa,tot - 10 % < VAHU

3 ∆t > τthreshold
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5.3.2 Inspection of VAV-system 

The AHU (331TK) and its VAV-system were inspected and the noticed problems were: 

 

- The k-value of fans were set incorrectly to the BAS 

- The VAV-dampers were not achieving their design air flow rates 

- The control signal of VAV-dampers were set incorrectly (set signal 2–10V, 

should have been 0–10V) 

- The supply air fan’s pressure difference measurement connection was connected 

incorrectly which caused measurement error of air flow rate 

 

The k-values of fans were corrected to the BAS. The incorrect k-value of fans distorts 

the calculated air flow rate from the measured pressure difference from the fan. The 

static pressure in the ducts was increased so that the VAV-dampers achieved the 

maximum air flow rate. The control signal of VAV-dampers was corrected to design 

intent from 2–10 V to 0–10 V.  

 

The pressure difference measurement connection error of supply air side fan caused 

phenomena where the measured air flow rate of fan was almost constant regardless of 

the control of VAV-dampers. After the correction, the measured air flow rate from fan 

changed in relation to the control of VAV-dampers.  

 

The air flow rates of each room were measured with a TSI-meter and corrected to 

correspond to the design intent. The air flow rates were measured from the terminal 

device’s own measurement points. The measured air flow rates to each space are 

presented in Table 12.  
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Table 12. Measured supply and exhaust air flow rates 

 
 

From Table 12 it can be seen that some of the air flow rates were off 2 to 22 % from the 

design values of different rooms. However, the total difference between design and 

measured air flow rate in the supply air side was 7 % and in the exhaust air -1 %. These 

differences between design and measured air flow rates can be considered to be at 

acceptable level, the acceptable level is ±10 %.  

 

The problems with the VAV-system were that the indicated total air flow rate in the 

BAS was bigger than the measured air flow rates. The indicated supply air flow rate 

was 457 l/s, whereas the measured air flow rate was 414 l/s. In the exhaust air side the 

indicate air flow rate was -449 l/s and the measured air flow rate was -376 l/s. The total 

air flow rates of supply and exhaust air can be considered to be at acceptable level. The 

problem was in the supply air side where the minimum air flow rate should be 

according to plans -140 l/s less than the maximum air flow rate. The reduced air flow 

rate to minimum was only -30 l/s. This problem was identified to the supply fan where 

the fan’s pressure difference hoses were mounted incorrectly and therefore the 

measured pressure difference was incorrect and caused the supply fan to indicate almost 

constant air flow rate. After the correction the indicated maximum air flow rate of 

supply fan was 396 l/s and minimum air flow rate was 271 l/s and the reduction from 

maximum air flow rate to minimum was -125 l/s. In the exhaust air side the reduced air 

flow rate from maximum to minimum was -122 l/s. 

 

The result of the inspection of AHU 331TK and the VAV-dampers was that the system 

was not operating as good as efficiently as possible and some problems were identified 

Room /  Space S U P P L Y    A I R

Device VAV-damper Size Amount k-value MAX l/ s Measured l/ s Diff. % Setting Pa

Entrance hall IRIS-125 /  THB-TRI (V) - 125 1 1.5 15 18.0 20 7 144

WC - - - - - - - - -

Kitchen IRIS-100/ T3-100 - 125 1 2.1 25 25.5 2 6.5 148

TRI/ S+TSB160 15.03 160 1 18.5 48 58.5 22 - 10

TRI/ S+TSB160 15.04 160 1 18.5 72 86.8 21 - 22

Conference room 2 TRI/ S+TSB160 15.02 160 1 18.5 48 58.5 22 - 10

Corridor IRIS-100 /  ULA-100 - 100 1 0.9 10 11.7 17 8 170

TRI/ S+TSB160 160 1 18.5 84 66.7 -21 - 13

TRI/ S+TSB160 160 1 18.5 84 88.7 6 - 23

T ota l: 386 414 7

Room /  Space E X H A U S T     A I R

Device VAV-damper Size Amount k-value MAX l/ s Measured l/ s Diff. % Setting Pa

Entrance hall URH-125 - 125 1 -1.22 -15 -14.2 -5 -9 135

WC URH-125 - 125 1 -1.84 -20 -21.2 6 -3 133

Kitchen URH-100 - 100 1 -1.02 -10 -11.4 14 -6 126

PRI+EVA-300x150 17.03 160 1 -12.5 -48 -43.3 -10 - 12

PRI+EVA-500x150 17.04 160 1 -21 -72 -66.4 -8 - 10

Conference room 2 PRI+EVA-300x150 17.02 160 1 -12.5 -48 -48.4 1 - 15

Corridor - - - - - - - - -

T ota l: -381 -376 -1

25017.01 - 24-171.5 2

Conference room 3

Conference room 1 15.01

Conference room 3

Conference room 1 PRI+EVA-800x150 -351 -168
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and corrected in order to make the system operate more efficiently. The inspection of 

the VAV-system was crucial in order to implement continuous commissioning strategy 

to the system.  

5.3.3 Testing the fault detection of the VAV-system 

The problem before implementing and testing the fault detection of VAV-system was 

the difference between measured air flow and the indicated air flow rates in the BAS. 

Biggest problems were in the exhaust air side. The differences of measured (TSI-meter) 

and indicated air flow rates in the BAS were from 16 % to 25 %. In Table 13 there are 

presented measured and indicated air flow rates in different operational situations. 

 

Table 13. Results of VAV-system’s air flow rates in different operating situations 

 

  

Based on the measurements, the difference between maximum and minimum air flow 

rates behaves in a linear fashion. The percentage difference decreases the closer the 

VAV-system is driven to the maximum air flow rate and increases when the air flow 

rate is driven closer to minimum air flow rate. The percentage difference varies from 

15.1 % to 26.3 % depending on how close or far the air flow rate is from the maximum 

or minimum air flow rate. 

 

In the supply air side the difference of maximum air flow rates are much closer to the 

indicated total air flow rate. The difference is from -4.8 % to 2.3 % and in the minimum 

air flow rate, the difference is from 4.7 % to 9.2 %. The supply air side is much closer to 

the measured air flow rates. The behavior of the supply air side VAV-system was tested 

in the same operational situations than the exhaust air side. The results of these tests are 

presented in Table 14. 

 

CAV
CAV+

VAV

Total air 

flow 

from 

BAS

Diff. Diff.

[l/s] IMS17.01 [l/s] IMS17.02 [l/s] IMS17.03 [l/s] IMS17.04 [l/s] [l/s] [l/s] [l/s] [%]

BAS -45 -103 -29 -48 -48 -273 -357 -84.0 23.5

Measured (TSI) -46.8 -105.1 -29.3 -44.2 -43.2 -268.5 -357 -88.5 24.8

BAS -45 -94 -29 -44 -45 -257 -335 -78.0 23.3

Measured (TSI) -46.8 -95.9 -29.3 -40.5 -40.5 -253.0 -335 -82.1 24.5

BAS -45 -168 -35 -29 -72 -349 -425 -76.0 17.9

Measured (TSI) -46.8 -171.4 -35.4 -26.7 -64.8 -345.0 -425 -80.0 18.8

BAS -45 -165 -28 -47 -72 -357 -430 -73.0 17.0

Measured (TSI) -46.8 -168.3 -28.28 -43.24 -64.8 -351.4 -430 -78.6 18.3

VAV-dampres
Data from BAS 

or measured 

with TSI-meter
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Table 14. Results of VAV-system’s air flow rates in different operating situations 

 
 

Based on the measurements, it can be concluded that the percentage difference between 

maximum and minimum air flow rates behaves similar as the exhaust air side VAV-

system. The percentage differences are smaller in the supply air side in different 

operating situations. The percentage difference varies between 2.3 % to 9.2 % 

depending on how close or far the air flow rate is from the maximum or minimum air 

flow rate. 

 

Because the indicated and measured exhaust air flow rates differ from 16 % to 26 % and 

in the supply air side from 2 % to 10 %, a decision was made based on the desire of 

Schneider electrics, that the indicated air flow rates of fans would be adjusted closer to 

the summed air flow rates of VAV-dampers plus the constant air flow rates to 

secondary spaces, meaning that the indicated air flow rate is corrected closer to the 

design air flow rates. The k-value is fan specific factor, which is used to calculate the air 

flow rate from the pressure difference of the air intake of a fan and the chamber. From 

the equation 7, it can be seen that the adjustment of k-value affects the indicated air 

flow rate in a linear fashion. 

 

The correction was made by adjusting the k-value of fans. In this case the adjusting of 

k-values can be justified by the fact that the air flow rates to spaces were measured and 

verified to be at an acceptable level. The adjust of k-value makes it easier to the user to 

understand the function of the VAV-system, when the indicated air flow rates of fans 

and the summed air flow rates form VAV-dampers plus the air flow rate from additional 

spaces are closer to each other. The focus for building fault detection of VAV-system 

was set that the data gathered from the BAS would comparable with each other. The k-

values of fans were calculated by changing the k-value so that the indicated air flow rate 

is the same as the designed maximum and minimum air flow rate. From the maximum 

and minimum air flow rates' k-values were calculated average k-values in order to 

correct the mismatch of total air flow rate indicated form the fans and the sum of 

constant air flow rate to additional spaces and VAV-dampers. The total air flow rate of 

fan is calculated with equation 7, 

 

     
 

 
                                                          (7) 

 

CAV
CAV+

VAV

Total air 

flow from 

BAS

Diff. Diff.

[l/s] IMS15.01 [l/s] IMS15.02 [l/s] IMS15.03 [l/s] IMS15.04 [l/s] [l/s] [l/s] [l/s] [%]

BAS 50 102 28 48 46 274 298 24.0 8.1

Measured (TSI) 55.3 93.8 34.2 58.6 55.7 297.5 298 0.5 0.2

BAS 50 96 28 45 45 264 286 22.0 7.7

Measured (TSI) 55.3 88.3 34.2 54.9 54.5 287.1 286 -1.1 -0.4

BAS 50 168 35 29 72 354 375 21.0 5.6

Measured (TSI) 55.3 154.6 42.7 35.4 87.1 375.1 375 -0.1 0.0

BAS 50 165 28 47 62 352.0 374 22.0 5.9

Measured (TSI) 55.3 151.8 34.16 57.34 75.02 373.6 374 0.4 0.1

Data from BAS or 

measured with TSI-

meter

VAV-dampres
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where k is the specific factor of fan (42.55), ∆p is the pressure difference of the AHU’s 

chamber and Vfan is air flow rate (m
3
/s). The correction of k-values for exhaust and 

supply air are presented in Tables 15 and 16. 

 

Table 15. The correction of k-value and percentage difference between design air flow 

and indicated air flow rates of a fan 

 

 

Table 16. The correction of k-value and percentage difference between design air flow 

and indicated air flow rates of a fan 

 
 

From Tables 15 and 16 it can be seen that the percentage difference of maximum and 

minimum air flow rates are balanced. The difference of exhaust air side’s maximum and 

minimum air flow rates are -6.1 % and 5.8 % from the indicated air flow rate in the 

BAS. In the supply side the same differences are 3.7 % and -3.6 %. This correction of k-

values makes the overall system monitoring easier and also makes possible to set 

sensible alarming limits to the fault detection system. 

 

The exhaust and supply air flow rates were tested again in the same operational 

conditions as presented in Tables 13 and 14. The air flow rates were not measured again 

with TSI-meter because any changes were not made to the VAV-system. The results are 

compared to the indicated air flow rate from fan and the sum of VAV-dampers plus 

constant air flow rate. The results of testing exhaust and supply air are presented in 

Tables 17 and 18. 

Exhaust air k ∆p Vf an Design diff. diff.

Pa l/s l/s l/s %

Min 42.55 186 -320.5 -241 -79.5 24.8

Min corrected 56.5 186 -241.4 -241 -0.4 0.2

Max 42.55 366 -449.6 -381 -68.6 15.3

Max corrected 50.1 366 -381.9 -381 -0.9 0.2

Average k ∆p Vf an Design diff. diff.

Pa l/s l/s l/s %

min 53.3 186 -255.9 -241 -14.9 5.8

max 53.3 366 -358.9 -381 22.1 -6.1

Supply air k ∆p Vf an Design diff. diff.

Pa l/s l/s l/s %

Min 42.55 133 271.0 246 25.0 9.2

Min corrected 46.8 133 246.4 246 0.4 0.2

Max 42.55 283 395.4 386 9.4 2.4

Max corrected 43.5 283 386.7 386 0.7 0.2

Average k ∆p Vf an Design diff. diff.

Pa l/s l/s l/s %

min 45.15 133 255.4 246 9.4 3.7

max 45.15 283 372.6 386 -13.4 -3.6
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Table 17. The results of air flow rates differences after adjusting the k-value of exhaust 

air fan (k=53.3) 

 

 

Table 18. The results of air flow rates differences after adjusting the k-value of supply 

air fan (k=45.15) 

 

 

After the k-value adjustment the tested results were very good. The exhaust air side 

percentage difference varied between 5.8 % and -6.1 % and in the supply air side 

between 3.7 % and -3.6 %. Before the adjustment of k-value the percentage difference 

varied between 15 % and 26 % in the exhaust air side and in the supply air side between 

2 and 9 %. The total air flow rate from the BAS and the sum of VAV-dampers air flow 

rates plus constant air flow rate are much closer to each other making it easier to set 

alarm limits to the fault detection system. The gained benefit is also that now the air 

flow rates are comparable to each other. 

 

After leveling the air flow rates to comparable level, the testing for identifying faulty 

VAV-system was implemented. The test was made by simulating various operating 

situations by using BAS in order to detect the mechanical jamming of VAV-damper and 

identifying faulty VAV-system. 

 

The schematic of identifying faulty VAV-damper is presented in Figure 51 that was 

developed and installed to the current building automation system in this thesis. 

 

CAV
CAV+

VAV

Total air 

flow 

from 

BAS

Diff. Diff.

[l/s] IMS17.01 [l/s] IMS17.02 [l/s] IMS17.03 [l/s] IMS17.04 [l/s] [l/s] [l/s] [l/s] [%]

BAS -45 -103 -29 -48 -48 -273 -285 -11.5 4.1

BAS -45 -94 -29 -44 -45 -257 -267 -9.6 3.6

BAS -45 -168 -35 -29 -72 -349 -339 9.7 -2.9

BAS -45 -165 -28 -47 -72 -357 -343 13.7 -4.0

Data from BAS
VAV-dampres

CAV
CAV+

VAV

Total air 

flow from 

BAS

Diff. Diff.

[l/s] IMS15.01 [l/s] IMS15.02 [l/s] IMS15.03 [l/s] IMS15.04 [l/s] [l/s] [l/s] [l/s] [%]

BAS 50 102 28 48 46 274 280 6.1 2.2

BAS 50 96 28 45 45 264 270 6.4 2.3

BAS 50 168 35 29 72 354 353 -0.6 -0.2

BAS 50 165 28 47 62 352 352 0.5 0.1

Data from BAS
VAV-dampres
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Figure 52. Schematic of identifying faulty VAV-damper by using BAS 

 

The design air flow rate is the air flow rate needed to the space according to temperature 

and CO2 concentration measurements of the space and that air flow rate is compared to 

the indicated air flow rate of a VAV-damper. When the indicated air flow rate of a 

VAV-damper differs from the design air flow rate ± 10 %, a malfunctioning VAV-

damper is detected.  

 

Identifying faulty VAV-damper’s logic rule is presented in Table 19 with actual values, 

 

Table 19. Identifying faulty VAV-damper 

 
 

where the indicated air flow rate of a VAV-damper is 12.4 per cent bigger than the 

design air flow rate to the room according to CO2 concentration and temperature of the 

room. The mismatch of air flow rates exceeds the monitoring time (10 minutes) and 

alarm was indicated to the BAS with the specific code of a faulty VAV-damper. These 

logic rules are valid also in vise versa situation, meaning that the indicated air flow rate 

is more than 10 per cent smaller than the design air flow rate of a room. The tests 

proved to be very successful and the identification of faulty VAV-damper was possible 

by using constant monitoring system, which was built in to the current BAS. 

 

Rule Rule Expression (true implies existence of a fault)

Vsa + 10% > Vdesign

137 l/s > 120 l/s -> difference 12,4 %

∆t > τthreshold

11 min > 10 min -> monitoring time exceeded

-> faulty VAV-damper

1

3

=True

=True
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The problem, when monitoring each VAV-damper individually, is that in the bigger 

systems the 10 per cents alarm limit of each VAV-damper may not be exceeded but 

total air flow rate can still be more than 10 per cent off. The measurement error of 

VAV-dampers air flow rate is detected by monitoring the VAV-system as a whole. The 

schematic of identifying faulty VAV-system is presented in Figure 53 that was 

developed and installed to the current building automation system in this thesis. 

 

 
Figure 53. Schematic of identifying faulty VAV-system by using BAS 

 

By comparing the summed air flow rates from VAV-dampers plus the constant air flow 

rate to additional spaces to the AHU’s air flow rate, it can be detected that one or more 

of the VAV-damper’s air flow rates doesn’t correspond to the indicated air flow rate of 

VAV-dampers. The measurement error of a pressure difference in VAV-damper causes 

an effect that the indicated and design air flow rate seems to be under the set limits but 

the real air through the VAV-dampers is different. By monitoring the system as a 

whole, the difference of AHU’s air flow and the sum of VAV-dampers air flow rates 

reveal the measurement error of VAV-dampers when the sum of indicated air flow rates 

are not in the set limits when comparing it to the AHU’s air flow rate. 

 

Identifying faulty VAV-system’s logic rule is presented in Table 20 with actual values, 

 

Table 20. Identifying faulty VAV-system 

 

Rule Rule Expression (true implies existence of a fault)

Vsa,tot + 10 % > VAHU

275 l/s > 242 l/s -> difference 12,0 %

∆t > τthreshold

11 min > 10 min -> monitoring time exceeded

-> faulty VAV-system

1

3

=True

=True
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where the total air flow rate of VAV-dampers and additional spaces (ΣVsa + Vcav = 

Vsa,tot) is 12 per cent bigger than the indicated air flow rate of AHU. The mismatch of 

air flow rates exceeds the monitoring time (10 minutes) and alarm was indicated to the 

BAS of a malfunctioning VAV-system with a specific code of the AHU. This logic 

rules is valid also in vise versa situation, meaning that the total air flow rate is more 

than 10 per cent smaller than the indicated air flow rate of AHU. The whole system 

monitoring proved to be very useful in situations where the air flow rates of VAV-

dampers varied between ± 10 per cent of design air flow rates. The whole system 

monitoring identified the malfunction system even though there were no alarms from 

individual VAV-dampers. 

 

The presented fault detection rules were applied to the current BAS. After the BAS was 

update, the system was capable to detect faulty VAV-damper or VAV-system 

automatically. After detection of a fault, the BAS automatically notifies the buildings 

maintenance personnel that faulty VAV-damper or VAV-system is detected. 

5.3.4 Results of testing the fault detection tool for VAV-system 

The result of the implementation phase is that the two most common faults in the VAV-

system were identified by using BAS and that the alarms of malfunctioning VAV-

system were created to BAS. The created tool constantly monitors the performance of 

VAV-dampers and VAV-system and compares the measured values to the design 

values. When the VAV-dampers measured values doesn’t correspond to the design 

values under the set limits, the BAS automatically sends an alarm that VAV-damper or 

VAV-system is not operating as intended. 

 

There were also significant problems in the VAV-system, which were corrected during 

the implementation phase. The maintenance of the VAV-system 331TK is automated 

and significantly improved to be much more effective because of the developed tool. 

The time to detect faulty VAV-system is now minimized to ten minutes. As a result of 

this improvement the indoor climate is now better under control and the maintenance 

staff understanding of pressure-independent VAV-system was also increased. 

 

The energy saving potential is much harder to verify, because the faulty VAV-system 

may operate smaller air flow rates than designed and thus reduce the energy 

consumption but at the same time the indoor climate suffers and may cause other 

problems, such as decrease the work efficiency or cause mold and moisture problems. 

Still on the other hand the VAV-system may operate much higher air flow rates than 

designed and therefore increase the energy consumption of a building.  

 

The gained benefit however is that the indoor climate is now better under control. The 

amount of energy consumed to sustain desired indoor climate condition is now 

optimized, meaning that every MWh used is optimized to sustain comfortable indoor 

conditions and the unnecessary energy use is minimized. As a result of this tool the 

occupants complains are less frequent and in the best case scenario, the maintenance 
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staff can detect faulty VAV-system and the decreased indoor climate conditions before 

any occupant complains. The repair of malfunctioning VAV-system can be done in 

advance and therefore the maintenance staff capability to work more efficiently is 

increased. 

5.4 The hand-off phase 

The hand-off phase main target is to guarantee that the building’s maintenance 

personnel understand the made changes and improvements to the building’s systems. 

The hand of phase sums up all the previously done phases and gathers the necessary 

findings and results of the implemented system or strategy and the made changes to the 

control strategies.  

 

In this these the implemented system was the fault detection tool for VAV-system 

which was uploaded to the current BAS. The final product is demonstrated with the 

equipment indication, control and alarm set points in the control graphics of the system 

in the BAS. 

 

The main goal of hand-of phase is to enhance the current maintenance program and 

improve the tracking of building’s equipment and performance. By improving the 

tracking of building’s equipment and performance, it is possible to institute a plan of 

continuous commissioning and ensure that made improvements persists over time. 

5.4.1 Updates for building systems and maintenance 

Before implementing continuous commissioning strategy to the case study building’s 

VAV-system, the starting point was that there was no systematic monitoring for the 

VAV-dampers. The BAS only indicated air flow rates to spaces but there were no 

indication of the desired air flow rate to spaces according the load of the room. From 

Figure 49 it can be seen that total air flow rate indicated in the supply air side fan is 533 

l/s when the designed maximum air flow rate was 386 l/s. This difference was a good 

indication that the system was not completely under control.  

 

In the case study building, the commissioning and maintenance of the studied VAV-

system was not at its highest level. The quality assurance for building systems verifies 

that the building and its systems are built and installed as designed. It also means that 

different building systems are tested and verified that building systems are capable to 

operate and maintain the design intent and the owner’s operational needs. In this case, 

the shortfalls in quality assurance and the use of BAS created a good opportunity to 

implement continuous commissioning. 

 

Continuous commission exploits extensive metering and trending software for 

continuous energy efficiency monitoring and tracking equipment and systems operation 

in order to point out operational problems and to improve and optimize the performance 

of building. Continuous commissioning focuses on optimizing system operations of the 
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existing buildings in order to make energy savings and enhance indoor air quality from 

sustainable and persistent point of view.  

 

In the case study building, the ongoing monitoring and metering established a baseline 

for suitable operations to ensure the optimal performance for VAV-system. Any 

deviation from the baseline can be detected and it creates an opportunity for continuous 

operational improvements and rapid equipment repairs. The updated BAS is based on 

constant monitoring of VAV-system’s design air flow rates and indicated air flow rates.  

 

The final product for identifying single malfunctioning VAV-damper was built in as it 

was illustrated in Figure 52 “Schematic of identifying faulty VAV-damper by using BAS” 

and the logic rules were uploaded to the BAS (Table 10). In Figure 54 is presented the 

BAS before the continuous commissioning process and in Figure 55 is presented the 

final product for identifying mechanical jamming of VAV-damper after the 

implementation of continuous commissioning process. 

 

 
Figure 54. VAV-dampers monitoring system before continuous commissioning 
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Figure 55. Final product for constant monitoring and fault detection of single a VAV-

damper after continuous commissioning process 

 

From Figure 55 it is easy to check out with one look that all the VAV-dampers are 

working under the set limits (±10 %). The design air flow rate is the air flow rate needed 

to the space according to temperature and CO2 concentration measurements of the space 

and that air flow rate is compared to the indicated air flow rate of a VAV-damper. If the 

VAV-dampers exceed or fail to achieve the design air flow rate, the malfunctioning 

VAV-dampers identification number appears to the red column as an alarm and proper 

action can be carried out in order to set the system back to the original sate. 

 

The final product for identifying malfunctioning VAV-system was built in as it was 

illustrated in Figure 53 “Schematic of identifying faulty VAV-system by using BAS” and 

the logic rules were uploaded to the BAS (Table 11). In Figure 56 is presented the BAS 

before the continuous commissioning process and in Figure 57 is presented the final 

product for identifying malfunctioning VAV-system (measurement error of pressure 

difference in VAV-dampers) after the implementation of continuous commissioning 

process. 
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Figure 56. VAV-system’s monitoring before continuous commissioning 

 

 
Figure 57. Final product for constant monitoring and fault detection of VAV-system 

after continuous commissioning process 

 

From Figure 57 the whole VAV-system can be monitored and the total air flow rate to 

spaces and the indicated air flow rate of fans is constantly monitored and compared. By 

monitoring the system as a whole, the difference of AHU’s air flow and the sum of total 

air flow rates to spaces reveal the measurement error of VAV-dampers when the sum of 

indicated air flow rates are not in the set limits when comparing it to the AHU’s air flow 

rate. The alarm of malfunctioning supply or exhaust air side VAV-system appears to the 
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red column when the air flow rates of fan and the total air flow of VAV-dampers plus 

the air flow rates to additional spaces differs of each other more than ±10 % or 30 l/s. 

The alarm indicates on which side of the VAV-system the problem is and proper action 

can be carried out to correct the malfunctioning VAV-system. 

 

To the BAS was also built in a time schedule to test the condition of the whole VAV-

system. This kind of overall system performance checking is important because for 

example the conference room 2 in the case study building is rarely used and the 

possibility of jamming unused VAV-damper increases significantly. The overall test is 

driven through every month. The test is based on making sure that the system achieves 

the verified minimum and maximum air flow rates. The verified minimum and 

maximum air flow rates for exhaust and supply air are presented in the tables 15 and 16. 

The deviation limit for air flow rates is set to ±10 %. The logic rules for system 

performance checking are presented in Table 21, 

 

Table 21. Rules for system performance checking 

 
 

where Vmin,verified and Vmax,verified represents the verified minimum and maximum air flow 

rates of AHU during the testing the fault detection tool, VAHU,min and VAHU,max is the 

indicated air flow rate of a fan, ∆t is monitoring time and τthreshold is the control time to 

identify malfunction in the system. The system is forced by using BAS to drive the 

VAV-dampers to their minimum and maximum air flow rate setups regardless of the 

indoor climate and compares the indicated air flow rate of fans to the verified minimum 

and maximum air flow rates. The schematic for system performance checking is 

illustrated in Figure 58. 

 

Rule Rule Expression (true implies existence of a fault)

1 VAHU,min + 10 % > Vmin,verified

2 VAHU,min - 10 % < Vmin,verified

3 VAHU,max +10 % > Vmax,verified

4 VAHU,max - 10 % < Vmax,verified

5 ∆t > τthreshold
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Figure 58. Schematic for system performance checking by using BAS 

 

For example, the system performance checking for supply air side is presented in Tables 

22 and 23 with actual values. 

 

Table 22. Supply air side performance checking (minimum) 

 
Table 23. Supply air side performance checking (maximum) 

 

Minumum air flow (supply)

Rule Rule Expression (true implies existence of a fault)

VAHU,min - 10 % < Vmin,verified

250 l/s < 255 l/s -> difference -2,0 %

∆t > τthreshold

31 min > 30 min-> monitoring time exceeded

-> VAV-system OK

2 =False

=True5

Maximum air flow (supply)

VAHU,max - 10 % < Vmax,verified

327 l/s < 372 l/s -> difference -13,8

∆t > τthreshold

31 min > 30 min -> monitoring time exceeded

-> faulty VAV-system

4 =True

5 =True
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The error of faulty VAV-system in the supply air side is indicated in red column (Figure 

57) with code that the system does not achieve the maximum air flow rate and the 

maintenance staff in this case can conduct trouble shooting by forcing the VAV-

dampers one by on to the maximum air flow rate and check which one of the VAV-

dampers does not achieve the given air flow rate. The benefit of driving the VAV-

dampers from minimum to maximum once in a while is that it prevents the mechanical 

jamming of VAV-dampers. 

6 Conclusions 

As we are striving to the nearly zero-energy buildings, the constant monitoring and 

maintenance of building systems comes even more important because the investments 

made to nearly zero-energy buildings are usually made from the point of view of total 

life cycle cost of a building. Without proper maintenance procedures and building 

monitoring system, the made investment is not gaining any benefits because the 

building’s life cycle cost increases due the inefficient use of building’s systems. The 

systematic process of continuous commissioning offers a good procedure to constantly 

verify that the systems operate at highest efficiency. 

 

The objective of this research was to investigate continuous commissioning in existing 

buildings and how the process of continuous commissioning is conducted in existing 

buildings. The concept of continuous commissioning covers a large scale of different 

measures, methods and documents related to HVAC systems and maintenance 

procedures of building. In the scope of this thesis it was possible to create fairly limited 

review of the use of continuous commissioning method in existing buildings. 

Developing methods for continuous commissioning for singular HVAC related systems 

and equipment creates the basis for more advanced continuous commissioning 

strategies. 

 

Following the guidelines of continuous commissioning process from literary and 

transferring it into actual measures in the case study building, the continuous 

commissioning process proved to be very sufficient method for developing the tool for 

indentifying malfunctioning VAV-system and establishing constant monitoring and 

fault detection tool to the current BAS. It is notable that there is no "one size fits to all" 

approach for continuous commissioning and every building's inspection needs to be 

modified to the specific requirements of the building. 

 

This thesis concentrates mainly to the pressure-independent VAV-system and how it 

operations and working conditions could be constantly monitored and detect possible 

faults in the VAV-system. The survey was made to single VAV-system. However, more 

comprehensive review would take under consideration the building as a whole 

concentrating even more deeply to the overall working condition of the building and to 

the maintenance procedures. HVAC related systems are the most dominant part in the 

concept of energy efficiency and indoor climate conditions. In the case study building 

60 % of the heating energy consumption was related to ventilation and therefore it was 
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justified to concentrate on ventilation system. In the year 2013 a survey was made to 

Sanomatalo concerning the operation of VAV-dampers. In that survey it was found out 

that from 194 VAV-dampers almost 70 % of them was not working as intended. The 

aim of this thesis was to create a sufficient study to the operation of pressure-

independent VAV-system and its most common problems. The literary review of the 

subject and close working with Sanomatalo’s maintenance staff gave the needed basis 

for developing the necessary tools and practices to improve the monitoring and 

maintenance procedures of VAV-system. 

 

As a result the indoor climate conditions are now better under control and the 

unnecessary use of energy to sustain comfortable indoor climate condition is 

minimized. Better control of indoor climate enhances the working condition, 

productivity and indoor environment of occupants. The maintenance of studied VAV-

system has increased significantly and the operations of the VAV-system are constantly 

under surveillance. Because of the developed tool, the maintenance procedure has 

transformed form corrective maintenance to preventive maintenance. The studied 

systems maintenance is now carried out by constant system conditioning monitoring, 

which includes automated fault detection, fault localization and functional check-out. 

 

The developed tool is quite straightforward application and it offers opportunities for 

more development and research. The tool could be enhanced by constantly gathering 

trending data of the VAV-dampers air flow rates. A decline of the gathered trending 

data would indicate that the VAV-damper’s parameters are not in the actual state of an 

item and preventive maintenance could be conducted. This kind of constant monitoring 

system could be also implemented to other HVAC related systems. 

 

The developed tool for the AHU 331TK has been taken in use in the case study building 

and the possibility of extending the use of developed tool for other VAV-systems in the 

building is under consideration. This thesis gives overall basis for developing 

maintenance procedures, remote monitoring systems and energy control services. In the 

near future it can be seen different trends that set new challenges for maintaining and 

improving buildings operations. More effective use of BAS and developing continuous 

commissioning method makes it possible to observe and maintain the building more 

completely. It can be assumed, that the use of continuous commissioning strategy will 

be used in much larger scale in property maintenance industry in the near future. 
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