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Executive Summary 

Space heating is the largest component of energy consumption in households in virtually all member 
states, accounting for 67 % at the level of the EU 15, followed by water heating and appliances. [1] 

Demonstrations based on laboratory analyses show that new condensing boilers achieve efficiencies 
of more than 100 %, both for gas and oil boilers. This contrasts with results of field studies in real 
conditions which show that the seasonal efficiencies of boilers are up to 15 – 20 % lower than under 
optimal conditions in demonstration cases. [2],[4] While new condensing boilers are already highly 
efficient with little room for improvement, the installations of heating systems still offer broad opportuni-
ties for efficiency improvements. This observation could also be verified by the German research 
project “Optimus” which dealt with the optimization of installed heating systems. [3] 

The general objective in the first project phase was to gather and condense information on existing 
boiler installations with a focus on the actual quality of these installations resp. on failures and mis-
takes that are commonly made leading to a decrease of the efficiency of these heating systems. The 
following tasks were performed [6]-[9]: 

• Literature analysis of studies and field test reports dealing with boiler efficiencies in practice 
• Interviews with market actors 
• Analysis of typical weaknesses of boiler installations by performing of 75 audits in Austria, 

Germany, Hungary, Spain and Greece 

The audits revealed the following installation weaknesses: 

• Incorrect boiler sizing – no heat load calculation performed (66 % of the analysed heating sys-
tems) 

• Too high exhaust gas losses, surface losses and/or ventilation losses (72 %) 
• Insufficient insulation of armatures and pipes (93 %) 
• Missing control systems, e.g. thermostatic valves, etc. (57 %) 
• No hydraulic balance performed (95 %) 
• … 

In total 27 major weaknesses were identified, summarised, published in a list and communicated to 
the national stakeholder groups (installers, end-consumers, etc.) in order to raise the awareness 
concerning energy efficient heating systems.  

Starting from the observation that there exist serious shortcomings in common heating system installa-
tions, the project consortium consisting of the project partners Austrian Energy Agency (Austria), 
Wuppertal Institute (Germany), Innoterm (Hungary), the Regulatory Authority for Energy RAE 
(Greece), and the University of Rovira i Virgili (Spain) initiated a project to improve the quality of new 
boiler installations by developing and testing of two new market approaches. 

The first market instrument is called “Declaration of High Quality Installation” (DHQUI). This declara-
tion is included in the contract between installers and end consumers. It provides a checklist of quality 
criteria for a high quality installation. The second instrument is called “Guaranteed Performance Qual-
ity” (GPQU). The installer should be able to pledge a certain seasonal efficiency of his high quality 
installation.  
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The following main criteria of the heating system based on a condensing boiler were identified to be 
essential for the seasonal efficiency of an optimally installed boiler1: 

1. Is the boiler located inside or outside the heated area? 

2. Is the boiler equipped with a bypass valve? 

3. Are radiators or panel heating systems used? 

4. Is the boiler fuelled by gas or oil? 

By the following formula the installer can forecast the seasonal efficiency of an optimally installed gas 
or oil fuelled condensing boiler in the GPQU.  

ηa = 89% * (1 – 3%*O) * (1 + 4%*I) * (1 – 3%*V) * (1 – 1,5%*W) (1) 

The four parameters (O, I, V und W) have to be chosen by the installer according to the specific heat-
ing system: 

Oil fuelled condensing boiler O =1 Gas fuelled condensing boiler O = 0 

Boiler located inside heated area I = 1 Boiler located outside heated area I = 0 

Boiler equipped with bypass valve V = 1 Boiler without bypass valve V = 0 

Radiators W = 1 Panel heating W = –1 Radiators and panel heating W = 0 

Both approaches (DHQUI and GPQU) were tested and evaluated by field tests under real conditions 
in the heating period 2008/2009. For the field tests, typical residential buildings with heat loads up to 
20 to 25 kW have been taken into account.  

In total, metering results were achieved in 23 gas heating systems, 3 oil heating systems and 3 bio-
mass heating systems in Austria, Germany and Hungary. In average, the gas heating systems 
achieved a seasonal efficiency of 87,9% (GCV)2, the two oil heating systems 85,0% (GCV), the pellets 
system 90,6% (NCV3) and the firewood boiler 74,2% (NCV). BOILeff installations outperform standard 
systems (stock consideration) by 11,9 (gas), 10,0 (oil), 16,6 (pellets) resp. 7,2 (firewood) percentage 
points. Due to the low number of heating systems with oil and different biomass technologies (and 
biomass fuels), for comparison reasons, an in-depth analysis was carried out for gas heating systems. 

The 8 Austrian test cases show a maximum deviation of 3 percentage points of the determined sea-
sonal efficiency compared to the calculated value in the GPQU. Due to this fact a security band for the 
guaranteed seasonal efficiency of 3 percentage points may be considered. Unfortunately two Hungar-
ian test cases show a negative deviation of 5% resp. 5,6%. Accordingly, for Hungarian heating sys-
tems a larger security band (up to 6%) must be suggested. Taking into account that a random choice 
of condensing boilers on a different price and efficiency level installed by different installers took place, 
it may be further concluded that installers using certain brands and models (of this brand) will outper-
form GPQU values in either case (based on DHQUI installations)(!) 

Although, the validation of both concepts could be achieved within the project a full validation and 
quantification of effects including the different boiler brands and models and also the different installa-

                                                      

1 Optimal installation means that the installation fulfils the criteria of the “Declaration of High Quality Installation”. 
2 GCV is the abbreviation for gross calorific value, also known as higher heating value. 
3 NCV is the abbreviation for net calorific value, also known as lower heating value. 
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tion qualities would need a large-scale field test. The validation for interested installers – as already 
mentioned above – knowing best their installed boiler brands and models – may be achieved much 
easier by using their normal or slightly adapted business models. 

The following parameters contribute positively to the seasonal efficiency: (i) boiler is placed in the 
heated area, (ii) boiler has no bypass valve, (iii) heat dissipation by floor heating system, and (iv) 
additional solar thermal system. Positive correlations to the seasonal efficiency were analysed for the 
following parameters: (i) increasing heat and work load, (ii) low overdimensioning, (iii) low domestic 
hot water demand, and (iv) high energy demand. Problems could be identified in test cases with low 
heat loads. In these cases boilers are often overdimensioned; sometimes installers did not care to 
perform heat load calculations or there was no suitable boiler model available. 

The field tests revealed also improvement potential of present heating systems, the following recom-
mendations to the boiler manufacturers could be derived: 

• Improvement of the hydraulics of small wall-mounted and floor-standing compact boilers  
• Installation of measurement devices in heating systems for achieving automated energy bal-

ances 
• Reduction of the auxiliary electrical energy consumption in small heating systems for detached 

and semi-detached houses  
• Improving the overall efficiency of integrated heating systems, especially heating systems in 

combination with thermal solar systems and/or other RES systems for hot water generation 
and space heating  

In-depth analysis of 14 gas heating systems showed annual energy savings of 106.708 kWh (Ø 7.789 
kWh per test case in average for Austria, Ø 7.400 kWh per test case in Hungary); including the 2 oil 
and the 2 biomass systems the savings accumulate to 140.206 kWh. The CO2eq emissions of the 
Hungarian test cases were reduced by 8.441 kg/a (Ø 1.407 kg/a per test case), in Austria the reduc-
tion amounts to 15.765 kg/a (Ø 1.971 kg/a per test case). In total, the CO2eq savings amount to 24.206 
kg/a (Ø 1.729 kg/a per test case), which is reduction of almost 30% on average.  
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Figure 1 Energy savings in % compared to the old systems; the 6 Hungarian results are coloured red, 
the 8 Austrian are blue; the energy savings on average are indicated by the green line. AT stands for 
Austrian test cases, HU for Hungarian ones. The numbers correspond to the consecutive numbers of 
the field test objects (Source: Austrian Energy Agency) 

In Austria, presently approximately 62,545 GWh/a are required for space heating and domestic hot 
water. The Austrian Energy Agency assumes final energy savings of up to 13.3% by a total exchange 
of the heating stock by BOILeff installations. This correlates to a possible reduction of greenhouse gas 
emissions of up to 4.74 Mio. t per year. Final energy savings of 4,300 GWh/a and a reduction of 
greenhouse gas emissions of 890,000 kg/a can be achieved. Innoterm expects energy savings of 
3,200 MWh/year in Hungary. URV Crever estimates annual energy savings of about 350 MWh/year in 
Spain.  

The assessment of the two new proposed market approaches based on a questionnaire exercise 
including 64 boiler owners and 35 installers came to the following results. The customers as well as 
the installers regard the DHQUI approach as realistic whereas the GPQU is only partly agreed with at 
the moment. It seems that too many questions are still open (e.g. the open question regarding an 
independent arbitrator in case the guaranteed efficiency is not achieved). 

Generally the agreement in Austria and Germany is higher than in Hungary, Greece and Spain but the 
customers’ motivation to implement a high quality installation matches the installers’ in all participating 
countries: Customers want a high quality installation to save greenhouse gas emissions and money, 
installers see the possibility to extend their business activities via a clear differentiation from cheap 
installations. 

Because of the higher installation quality, both the customers and the installers expect fuel savings 
between 5 % and 30 %. The customers principally accept additional costs, which will result from 
DHQUI and GPQU, though there are some differences between countries regarding the amount of the 
additional costs. It is agreed that additional costs could be reduced partly by the general integration of 
heat and electricity meters into the heating system. 

The following problems have to be overcome for the future implementation: Insufficient transparency 
of the installation quality for customers, more personal and time efforts for acquisition and higher 
efforts for the initial setup by installers. 
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These obstacles can partly be overcome by the installation of an independent arbitrator, who can 
mediate in case of problems. Nearly all customers and installers in the participating countries agree to 
such an institution, though big differences and uncertainties exist concerning the question which 
institution or person could execute such a role. 

An important measure to overcome insufficient transparency for the customer and to reduce time 
efforts for acquisition of the installer could be the invention of a “Guaranteed Installation Quality Label” 
for installers who are certified to carry out high quality installations. All customers in the participating 
countries agree, the installers generally agree as well but show a different grade of agreement in the 
different countries: Austria 50 %, Germany, Hungary, Spain 70 % to 80 % and Greece 100 %. 

The BOILeff activities could contribute to a new voluntary measure to increase the energy efficiency in 
heating systems and could build-up on article 8 (inspection of boilers and heating systems) of EPBD 
and relate to LOT1 & 2 of the Ecodesign Directive. 
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1 Introduction 

Space heating is the largest component of energy consumption in households in virtually all member 
states, accounting for 67 % at the level of the EU 15, followed by water heating and appliances. [1] 

Demonstrations based on laboratory analyses show that new condensing boilers achieve efficiencies 
of more than 100 %, both for gas and oil boilers. This contrasts with results of field studies in real 
conditions which show that the seasonal efficiencies of boilers are up to 15 – 20 % lower than under 
optimal conditions in demonstration cases. [2],[4] While new condensing boilers are already highly 
efficient with little room for improvement, the installations of heating systems still offer broad opportuni-
ties for efficiency improvements. This observation could also be verified by the German research 
Project “Optimus” which dealt with the optimization of installed heating systems. [3] 

Starting from the observation that there exist serious shortcomings in common heating system installa-
tions, the project BOILeff was initiated by the consortium consisting of the project partners Austrian 
Energy Agency (Austria), Wuppertal Institute (Germany), Innoterm (Hungary), the Regulatory Authority 
for Energy RAE (Greece), and the University of Rovira i Virgili (Spain) in order to improve the quality of 
boiler installations by developing and testing of two new market approaches. 

The first market instrument is called: “Declaration of High Quality Installation” (DHQUI). This declara-
tion is included in the contract between installers and end-consumers. It provides a checklist of quality 
criteria for a high quality installation. The second instrument is called: “Guaranteed Performance 
Quality” (GPQU). The installer should be able to pledge a certain seasonal efficiency of his high qual-
ity installation. A field test of about 50 installations during the heating period 2008/2009 was foreseen 
in Austria, Germany, Hungary, Spain and Greece to evaluate the practicality and effectiveness of both 
new approaches. 
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2 Typical weaknesses of boiler installations 

The general objective in the first project phase was to gather and condense information on existing 
boiler installations, with a focus on the actual quality of these installations resp. on failures and mis-
takes that are commonly made leading to a decrease of the efficiency of heating systems. The follow-
ing tasks were performed: [6]-[9] 

• Literature analysis of studies and field test reports dealing with boiler efficiencies in practice 
• Interviews with market actors 
• Analysis of typical weaknesses of boiler installations by performing of 75 audits in Austria, 

Germany, Hungary, Spain and Greece 

The audits revealed the following installation weaknesses: 

• Incorrect boiler sizing – no heat load calculation performed (66 % of the analysed heating sys-
tems) 

• Too high exhaust gas losses, surface losses and/or ventilation losses (72 %) 
• Insufficient insulation of armatures and pipes (93 %) 
• Missing control systems, e.g. thermostatic valves, etc. (57 %) 
• No hydraulic balance performed (95 %) 
• … 

In total 27 major weaknesses were identified, summarised, published in a list and communicated to 
the national stakeholder groups (installers, end-consumers, etc.) in order to raise the awareness 
concerning energy efficient heating systems (see next table).  

Table 1 List of failures and shortcoming with respect to boiler installations 

1. Oversized boiler 
2. No or insufficient isolation of the boiler 
3. No lock valves at the boiler (at inflow and outflow)  
4. No operating hour counter 
5. Boiler in stand by operation mode during the summer period, even if no hot water produc-

tion is needed 
 

6. Oversized circulation pumps 
7. Circulation pumps without control system and adjusted on highest power level 
8. No or insufficient isolation of the circulation pumps 
9. Continuous operation of the circulation pumps (over whole heating season or even over 

the whole year) 
 

10. No hot water storage tank installed 
11. Too high temperature in hot water storage tank 
12. Insufficient isolation of hot water storage tank 
13. No thermal layered hot water storage tank used 
14. Size of hot water storage tank not adapted to the actual demand 

 
15. No control system integrated in the heating system (only on/off operation, no specified 

heating periods, no night set-back of boiler or circulation pumps) 
16. Wrong adjustment of flow temperature (adjustment of the heating curve usually too high) 
17. No temperature control devices at hot water flow and return flow 
18. No or insufficient isolation of pipes in the heating room  
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19. Too long time periods between maintenance services (no maintenance service in the last 
three years)  

20. No thermostatic valves installed at the radiators  
21. Radiators partly sheeted by furniture 
22. Air in the heating circuit (pipe system) 
23. Indoor temperature sensor placed inadequate (e.g. placed in a room with a second heat-

ing system) 
24. Outside temperature sensor placed inadequate (e.g. sensor placed at direct solar radia-

tion) 
25. Control system for summer/winter operation not adjusted   
26. No hydraulic balance of the heating system is/was performed 
27. Heat water circuit connected direct to the public water pipe system (the specific prepara-

tion of heat water isn’t possible) 
 

A summary of results both of performed audits and typical weaknesses is available in [10] und [11]. 

These results were also the basis for developing of the Declaration of High Quality Installation 
(DHQUI; see the following section) and the Performance Guarantee Modules (GPQU; see also the 
following section). 
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3 High Quality Declaration (DHQUI) and Performance 
Guarantee (GPQU) 

3.1 General 

Due to missing information in “regular” quotations of installers, the end-consumer is not able to evalu-
ate the efficiency of a new heating system. The main selection criteria for the system and the installer 
is the price. Consequently, most end-consumers choose the cheapest offer which is usually not the 
most efficient one. In the frame of BOILeff project two instruments were developed in order to visualise 
how an optimum of efficiency can be achieved. The first one is a Declaration of High Quality; the 
second one is a Performance Guarantee for highly efficient installations. These two services are 
supposed to help to establish energy efficient heating system as a second criterion for the end con-
sumers´ choice beside the investment costs. 

The Declaration of High Quality (DHQUI) contains the main quality criteria for an optimal refurbishment 
or new installation of a heating system. The compliance of these quality criteria should become part of 
the quotation of the installers to the end-consumers. This is not only beneficial for the customer but 
also for the installer, who will be able to prove the value of his work which allows to differ from cheap 
“inefficient” installations. 

By the use of the Performance Guarantee the installer has the possibility to guarantee the end-
consumer a certain (high) value for the seasonal efficiency of his new efficient heating system. 

3.2 High Quality Declaration (DHQUI) 

The typical business case of BOILeff installations (residential buildings with a nominal heat load of 
about 20 to 25 kW) includes the modernisation of old heating systems. When the heating system 
breaks down and the building owner receives the information from the installer that a repair service is 
very expensive and doesn’t pay off any more, then the developed BOILeff services should take place. 

An end-consumer can usually only judge the investment costs for his future heating system. He is not 
in the position to evaluate the quotation whether the new heating system will perform in an energy 
efficient way or not. The end-consumer receives in the quotation only information about components, 
materials and a summary of working hours (in the best case) necessary to install the new heating 
system or to make changes in the old system. 

For this reason, the end-consumer can evaluate the quotations only according to the price, not to the 
quality. Consequently, installers have difficulties to establish quality-orientated business models. In 
order to address this issue, a set of quality criteria was developed to assure installations in an energy 
efficient way.  

The declaration of high quality installation includes the following major criteria: 

• Implementation of a heat-load calculation 
• Installation of a high efficient boiler technology (e.g. condensing boilers) 
• Calculation of the hydraulic system for dimensioning of the circulation pump 
• Installation of high efficient circulating pump(s) 
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• Correct dimensioning of the domestic hot water demand and installation of the corresponding 
storage tank 

• Implementation of the hydraulic balance of the heating system 
• Implementation of pipe- and armature insulation 

The Declaration of High Quality (DHQUI) was developed and specified for the countries Austria, 
Greece, Germany, Spain and Hungary. The different criteria and the implementation possibilities of 
this declaration by installers got discussed in several stakeholder meetings in the different countries 
taking into account their perspectives in developing this new service. The country specific versions are 
attached in Annex 9.1.  

In general, the contents is split into a general part and into check lists for the heating system. The 
general part makes the quality criteria easily accessible and comprehensible for the end-consumer 
and supplies the installer with arguments for high quality installations and against cheap standard 
offers. The check lists of the DHQUI provide the quality criteria of a high quality installation and should 
become a part of the quotation of installers. A detailed discussion showing and(!) explaining the differ-
ent criteria would be beyond the scope of this report; the documentation is available in [14], [15] & 
[23]. 

Installations fulfilling DHQUI quality criteria receive higher prices than conventional ones due to addi-
tional services and additional components. These additional costs have to be paid by the end-
consumers. For this reason the installer has to provide the end-consumer additional information justi-
fying the higher costs by showing the energy savings in the long run. This additional information is 
given in form of performance guarantees (GPQU), more details of the performance guarantee is 
provided in the next chapter. 

3.3 Guaranteed Performance Quality (GPQU) 

In the “Guaranteed Performance Quality” (GPQU) the installer guarantees a certain quality standard of 
the new heating system to the end-consumer. This guarantee centres either on the seasonal and the 
annual energy demand resp. the annual energy savings compared to the old system. Obviously the 
end-consumer’s user behaviour will have a big influence on the energy demand; but also the seasonal 
efficiency can be influenced by the user. Accordingly at the beginning of the project three types of a 
performance guarantee were considered: 

1. Optimal case: The seasonal efficiency and the energy savings compared to the old system 
can be forecasted in a small security band and therefore be guaranteed. 

2. Second case: The energy savings differ heavily from the forecasted values due to the individ-
ual customer behaviour (rebound effects, changes in use etc.), which only allows the installer 
to mention a non-obligatory number for the energy savings, still the seasonal efficiency of the 
new system can be estimated and guaranteed. 

3. Third case (worst case): Neither efficiency values nor energy savings can be forecasted within 
an acceptable security band. The installer can only inform the customer about the energy sav-
ings and seasonal efficiencies without obligation. 
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For the calculation of the seasonal efficiency and the energy savings of the new high-quality system 
compared to the old heating system, a calculation method and tool was developed based on the 
“finger print method” of the German University of Applied Sciences in Wolfenbüttel.  

The fingerprint of a boiler in a heating system is a tool, which allows to judge the performance of a 
boiler [17]. 

 

Load independent losses 

Load dependent losses 

Effective energy 
1/ K 

0 1 Workload  

qB/ K 

St
an

da
rd

iz
ed

 fu
el

 in
pu

t q
F 

 

Figure 2 Fingerprint of a boiler in a heating system (Source: [17]) 
Parameter definition: qB … average stand-by losses; ηK … efficiency of the boiler 

Based on the fingerprint method two modules were worked-out for the GPQU within the BOILeff 
project: 

• Module I – Applying the finger print method by executing of an audit at the end-consumer’s 
site taking into account the characteristics of the building, the heating system and the cus-
tomer‘s behaviour! 

• Module II – Applying the finger print method by using an empirical equation(s) mainly taking 
into account the characteristics of the new boiler! 

In Module I, the “finger print” method was adapted to the typical business models of installers as 
follows: 

During the first visit(s) at the customer site the installer has to record the required input data for the 
calculation tool. Subsequently, he performs a heat load calculation of the building. Next steps include 
the calculation of the average power for the consumption of domestic hot water ( TWWQ& ) and distribu-

tion loses ( dQ& ). 

Next steps include the identification – normally listed on the specification sheets – of the boiler capac-
ity and the stand-by losses both of the old and the new boiler. After that, the calculation of the mean 
heating load ( mhQ ,

& ) within the heating period has to be performed. From this value the mean boiler 
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capacity ( mKQ ,
& ) is derived and in consequence the mean fuel input ( 1,,mFQ& ) within the heating period 

is derived using the following equations: 
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The second step includes the calculation of the mean fuel input ( 2,,mFQ& ) outside the heating period 

(summer period). The heat input for the domestic hot water production ( TWWQ& ) and the distribution 

losses ( dQ& ) have to be used as follows:  
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As a result of the calculations the “finger prints” of the old and the new heating systems is plotted. 
Figure 3 shows both the dependency of the combustion power from the outdoor temperature and the 
sockets for the domestic hot water. 
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Figure 3 “Finger prints” for a typical single family house with a heat load of 10 kW equipped with an old 
boiler [30 kW / η = 76% (GCV4)] continuous lines and a new condensing boiler [11,5 kW/ η = 95 % 
(GCV)] dashed lines (Source: Austrian Energy Agency) 

The calculation of the seasonal efficiency of the boiler (respectively heating system) ( aη ) is based on 

the operational hours in the heating period (winter season) ( HPh ) and in the summer season ( SZh ) 

(following equations (5) and (6)). The operational hours are linked to the site-specific climate situation 
using statistical climate data sets (normally available by the central offices for meteorology and clima-
tology). 
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Finally, the fuel consumption based on the average annual energy consumption (QF) by using the 
gross calorific value (GCV) of the used energy carrier can be calculated. 

After comparing the seasonal efficiencies of the old and the new boiler system a comparison between 
the efficiencies of both boilers (respective heating systems) including the fuel consumption will be 
performed. Consequently, the end-consumer receives information concerning the efficiencies and 

                                                      

4 GCV is the abbreviation for gross calorific value, also known as higher heating value. 
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future energy (and cost) savings. An example showing high efficiency savings in a typical Austrian 
refurbishment case with an old heating system from the 1970s is shown in Figure 4. 
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Figure 4 Energy savings based on “finger print” method using an Austrian refurbishment case with an 
old heating system from the 70s (boiler systems are the same than in Figure 3) (Source: Austrian 
Energy Agency) 

The results of the field test showed that methods to forecast the energy consumption or the energy 
savings are far away from being accurate, but efficiencies can be forecasted very well – in the Aus-
trian field test the deviation did not exceed 3 percentage points in any case (in depth analysis is car-
ried in the next chapter). 

The main part of the performance guarantee – in Module II – is an empirical formula to forecast the 
seasonal efficiency of an optimally installed gas or oil fuelled condensing boiler. This calculation 
method was developed by the Wuppertal Institute (WI) and verified and also refined by the Austrian 
Energy Agency (AEA) according to the results of the field test.  

The following main criteria of the heating system were identified to be essential for the seasonal 
efficiency of an optimally installed5 boiler: 

5. Is the boiler located inside or outside the heated area? 

6. Is the boiler equipped with a bypass valve? 

7. Are radiators or panel heating systems used? 

8. Is the boiler fuelled by gas or oil? 

By the following formula the installer can forecast the seasonal efficiency of an optimally installed5 gas 
or oil fuelled condensing boiler with a security band of three percentage points.  

ηa = 89% * (1 – 3%*O) * (1 + 4%*I) * (1 – 3%*V) * (1 – 1,5%*W) (8) 

The four parameters (O, I, V und W) have to be chosen by the installer according to the specific heat-
ing system: 

Oil fuelled condensing boiler O =1 Gas fuelled condensing boiler O = 0 
Boiler located inside heated area I = 1 Boiler located outside heated area I = 0 

                                                      

5 Optimal installation means that the installation fulfils the criteria of the Declaration of High Quality Installation. 
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Boiler equipped with bypass valve V = 1 Boiler without bypass valve V = 0 
Radiators W = 1 Panel heating W = –1 Radiators and panel heating W = 0 

The calculated seasonal efficiency are based on the gross calorific value (GCV). 

Taking into account the discussions within the stakeholder meetings consensus was achieved to use 
the most – for the installer – user-friendly Module II concept. The national versions are attached in 
Annex 9.3. 
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4 Field Testing 

4.1 Configuration of the Field Test 

The main outcome of the field test was to assess the two market approaches (DHQUI and GPQU) 
under market conditions in real heating installations and to achieve concrete field test results. [18] - 
[20] 

In total, 336 end-consumers and 110 installers showed interest in DHQUI and GPQU services in the 
participating countries. For example, URV-CREVER reported that BOILeff project provoked a great 
interest among installers and other stake-holders in the Spanish heating sector. More than 20 in-
stallers showed interest in taking part but finally only 7 of them were able to take part in the field tests. 
These installers presented a total of 14 installations located in Catalunya and Madrid. In Greece, focus 
was given to the development and the spread of DHQUI. RAE managed to gather more than 200 
signed DHQUI forms, by over 10 boiler installers and associations, from all over Greece. More than 20 
customers received the declaration and from now on, Greek boiler installers will inform their customers 
about the DHQUI approach.  

The project partners had to experience a major drop-out rate concerning installations with measure-
ment equipment. Although 53 end-consumers and 44 installers participated in the field testing exer-
cise, at the very end metering results could be achieved in 29 systems (23 gas heating systems, 3 oil 
heating systems, 3 biomass systems) in Austria (13 cases), Germany (6 cases) and Hungary (10 
cases). Unfortunately, none measurement results could be achieved in the southern countries in Spain 
and Greece. 

Due to the low number of heating systems with oil and different biomass technologies (and biomass 
fuels), for comparison reasons, the in-depth analysis was only carried out for gas heating systems. 14 
gas heating systems fulfil the criteria of the DHQUI in a sufficient way. The results of these 14 gas 
heating systems were analysed in detail. The results are shown in chapter 4.2. 

4.2 Analysis of the Field Test Results 

4.2.1 Accuracy of the GPQU Formulas 

An important task of the BOILeff project was to create methods to forecast seasonal efficiencies of 
boilers. Therefore a formula was developed, as explained in the previous chapter. The following table 
shows the accuracy of this formula on the basis of the results of the transnational field test. The follow-
ing table shows the key data for this analysis.  
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Table 2 Efficiency of the 14 gas heating systems in comparison to the forecasted values of the GPQU 
formula. AT stands for Austria, HU for Hungary. The numbers correspond to the consecutive numbers 
of the field test objects. (Source: Austrian Energy Agency) 

Nr. 

Measured 
efficiency  

[%]  
based on GCV6 

Calculated 
efficiency by 

GPQU formula 1 
[%] 

Calculated 
efficiency by 

GPQU formula 2 
[%] 

Deviation of 
metered value 
from GPQU 1 

[%] 

Deviation of 
metered value 
from GPQU 2 

[%] 

HU 1 93,4 90,8 91,1 2,6 2,3 

HU 2 90,1 87,3 87,6 2,8 2,5 

HU 3 88,9 87,3 86,3 1,6 2,6 

HU 5 83,8 87,3 86,3 -3,5 -2,5 

HU 6 80,7 87,3 86,3 -6,6 -5,6 

HU 7 80,0 87,3 85,0 -7,3 -5,0 

AT 1 86,7 90,8 88,4 -4,1 -1,7 

AT 2 87,8 90,8 88,4 -3 -0,6 

AT 4 82,4 87,3 85,0 -4,9 -2,6 

AT 5 94,8 93,6 91,9 1,2 2,9 

AT 6 87,5 87,3 85,0 0,2 2,5 

AT 7 91,3 90,0 89,5 1,3 1,8 

AT 9 88,8 90,0 89,0 -1,2 -0,2 

AT 11 89,8 90,0 90,3 -0,2 -0,5 

The GPQU formula 1 [17] was created by means of the results of [4]. It shows a mean deviation of 
2,89% from the metered values. The GPQU formula 2 was adapted according to the Austrian field test 
results [13] (see previous chapter). The mean deviation, also after including the Hungarian results, is 
reduced to 2,38%. The GPQU formula 2 shows deviations of more than 3% in five cases, the GPQU 
formula 2 in only two cases which also indicates that the GPQU formula 2 is more reasonable. The 
following graph shows the deviations of the metered values from the two GPQU formulas mentioned in 
Table 2. 

                                                      

6 GCV is the abbreviation for gross calorific value also known as higher heating value. 
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Figure 5 Deviations of the metered seasonal efficiencies from the forecasted value; a positive value 
indicates that the heating system performed better than forecasted by the GPQU formula; for the 
abbreviations see Table 2 (Source: Austrian Energy Agency) 

The 8 Austrian test cases evaluated in this report show a maximum deviation of 3 percentage points of 
the determined seasonal efficiency from the calculated value. Due to this fact for Austrian heating 
systems installed according to the DHQUI a security band for the guaranteed seasonal efficiency of 3 
percentage points can be considered. Unfortunately, two Hungarian test cases show a negative devia-
tion of 5% resp. 5,6%. Accordingly for Hungary a larger security band (up to 6%) must be suggested. 

Based on this evaluation it is concluded that both concepts could be successfully proved by the results 
of BOILeff project. Taking into account that there was a random choice of condensing boilers on a 
different price and efficiency level, it may be further concluded that the achieved performances of 
installations based on certain brands and models (of this brand) will outperform the values of GPQU 
formula (based on DHQUI installations)(!)  

Although, the validation of both concepts could be achieved within the project a full validation and 
quantification of effects including the different boiler brands and models and also the different installa-
tion qualities would need a large-scale field test. The validation for interested installers – as already 
mentioned above – knowing best their installed boiler brands and models – may be achieved much 
easier by using their normal or slightly adapted business models. 

4.2.2 Energy and CO2eq savings 

In this section, the efficiencies as well as the energy and CO2eq savings and the workloads of the 14 
gas heating systems are shown in bar charts. [21] 

In the Hungarian test cases the climate corrected annual energy consumption was reduced by 44.397 
kWh (Ø 7.400 kWh per test case), in Austria the reduction amounts to 62.311 kWh (Ø 7.789 kWh per 
test case). In total, energy savings of 106.708 kWh (Ø 7.622 kWh per test case) could be achieved, 
which is a mean reduction of almost 25% (see Figure 6). 
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Figure 6 Energy savings in % compared to the old systems; the 6 Hungarian results are coloured red, 
the 8 Austrian are blue; the savings on average are shown by the green line; for the abbreviations see 
Table 2 (Source: Austrian Energy Agency) 

The CO2eq emissions of the Hungarian test cases were reduced by 8.441 kg/a (Ø 1.407 kg/a per test 
case), in Austria the reduction amounts to 15.765 kg/a (Ø 1.971 kg/a per test case). In total, the 
CO2eq savings amount to 24.206 kg/a (Ø 1.729 kg/a per test case), which is a mean reduction of 
almost 30% (see Figure 7). 
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Figure 7 CO2eq savings in % compared to the old systems; the 6 Hungarian results are coloured red, 
the 8 Austrian are blue; the green line indicates the average savings; remark: due to the weighted 
average (test cases with higher energy consumption contribute more) the green line does not seem to 
be the average, but it is; for the abbreviations see Table 2 (Source: Austrian Energy Agency) 

According to Figure 8, a BOILeff system achieves a seasonal efficiency of 87,9% on average (GCV7; 
Austria: 89,63%, Hungary: 86,00%). In [5] the average efficiency of a gas condensing boiler was 

                                                      

7 GCV is the abbreviation for gross calorific value, also known as higher heating value. NCV is the abbreviation for net calorific 
value also known as lower heating value. 
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determined to 86,2%, while low temperature gas boilers reach 75,5%. The efficiency of an Austrian 
standard heating system is 83% (NCV) or 75% (GCV). (No values for standard Hungarian systems are 
available.) Explanations concerning the two lowest efficiency values (HU 7, HU 6) are seen in the 
small surface of the radiators (following Innoterm, the Hungarian project partner). Consequently the 
return temperature was too high to enable condensation of the exhaust gases. Nevertheless, BOILeff 
installations following DHQUI quality criteria show significantly higher seasonal efficiencies than stan-
dard installations.  
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Figure 8 Seasonal efficiencies of the 14 evaluated heating systems of the field test; the seasonal 
efficiency on average is indicated by a green line; the 6 Hungarian results are coloured red, the 8 
Austrian are blue; for the abbreviations see Table 2 (Source: Austrian Energy Agency) 

The following figure shows the average annual workload of each test case. 
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Figure 9 Achieved workloads; the 6 Hungarian results are coloured red, the 8 Austrian are blue; the 
mean workload on average is indicated by a green line; for the abbreviations see Table 2 (Source: 
Austrian Energy Agency) 

In [17] the average work load of the tested gas condensing boilers was determined to 9%. The BOILeff 
heating systems performed with an average annual workload of 11,5% which is an indicator for an 
improved dimensioning as a result of the heat load calculations. 
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4.2.3 Causal interrelation of heating system parameters 

A very important task is to find correlations between various variables like efficiency, workload, heat 
load, overdimensioning factor, hot water demand, energy consumption, boiler attributes, climate, etc. 
The most significant results were chosen and included in this section. For an optimal clarity of the 
correlation between these data sets, the results are shown in scatter diagrams. To most of the graphs 
a linear approximation was performed in order to show the tendencies. If a polynomial trend line is 
more reasonable this type of approximation was added to the graph (e.g. to show maxima which is not 
possible with a linear approximation). In most cases the Austrian and the Hungarian test cases can be 
distinguished by different colours as in the previous bar diagrams. 

The first graph of this series shows the correlation between the heat loads of the test cases and the 
metered seasonal efficiencies. Obviously a higher heat load leads to a higher boiler efficiency. 
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Figure 10 Seasonal efficiency vs. heat load of the 14 gas heating systems installed according to the 
DHQUI; the 6 Hungarian results are coloured red, the 8 Austrian are blue (Source: Austrian Energy 
Agency) 

The next graph shows the correlation between the average boiler workload and the monthly efficiency. 
In [4] it was proposed that the efficiency increases strictly monotonic with growing workload. As the 
graph shows this is not the case with the heating systems of this field test. 
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Figure 11 Polynomial approximation of the monthly efficiencies of the 14 gas heating systems 
(Source: Austrian Energy Agency) 

The efficiency maximum is at 37,5%, with higher workloads the efficiency declines again. This seems 
to be contradicting to [4] where the efficiency was set to be strictly monotonic increasing with the 
workload. In [4] the highest metered workload is slightly above 43% and there is only a second data 
point above 40%. The data was just extrapolated to higher workloads by means of a theoretical model. 
In this field test higher workloads have been achieved which is an indicator for a well performed heat 
load calculation. 

The next graph shows the same correlation, but with annual workloads and efficiencies. 
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Figure 12 Polynomic approximation of the correlation between average annual workload and the 
seasonal efficiency; the 6 Hungarian results are coloured red, the 8 Austrian are blue  
(Source: Austrian Energy Agency) 

Somehow this result is according to DIN 4702-8: starting from 13% the seasonal efficiency drops 
down; however these values are annual workloads while DIN-norm refers to instantaneous workloads. 
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The following graph shows the connection between the nominal boiler capacity and the heat load 
which indicates the level of overdimensioning. The line refers to the equality of heat load and nominal 
power output of the boiler (which is the optimal case and was achieved in 3 Hungarian installations). 
Especially for low heat loads it is sometimes difficult to find a suitable boiler. Still, since boilers are 
equipped with a modulation feature of the power output, the effect of this problem on the efficiency is 
reduced. 
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Figure 13 Nominal boiler capacity vs. heat load; the 6 Hungarian results are coloured red, the 8 Aus-
trian are blue (Source: Austrian Energy Agency) 

The factor of overdimensioning can be indicated by dividing the nominal boiler capacity by the heat 
load. The correlation between this ratio and the seasonal efficiency is shown in the next graph. 
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Figure 14 Dependency of the seasonal efficiency of the heating systems on the ratio of nominal boiler 
capacity and heat load; the 6 Hungarian results are coloured red, the 8 Austrian are blue (Source: 
Austrian Energy Agency) 

Unfortunately, both systems in which too high return temperatures impeded condensation of the 
exhaust gases to a large extent (efficiencies of about 80%) are dimensioned almost perfectly. This 
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pulls the trend line down towards lower efficiencies on the left side. Still the line shows that a proper 
dimensioning of the boiler has a positive influence on the efficiency of the system. 

The following graph shows that a higher fraction of the domestic hot water on the energy consumption 
leads to a lower efficiency, according to the results of [4]. This can be explained by the fact that (espe-
cially in systems with floor heating) a higher flow temperature is needed for the hot water production 
which reduces the efficiency. 
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Figure 15 Seasonal efficiency vs. fraction of the energy consumption for domestic hot water; the 6 
Hungarian results are red, the 8 Austrian are blue; there are only 12 data points, because in 2 test 
cases the domestic hot water demand could not be metered separately due to technical reasons but 
only together with the heating (Source: Austrian Energy Agency) 

A further important result is documented by the following graph: The average workload of the boilers in 
the field test increases with the energy demand. The conclusion can be drawn that smaller boilers are 
overdimensioned more which can be caused by the fact that installers did not care if a test case had a 
low heat load or there was no suitable boiler model. 
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Figure 16 Connection between the annual energy consumption and the average annual workload; the 
6 Hungarian results are red, the 8 Austrian are blue (Source: Austrian Energy Agency) 
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According to the results of [4] and of the Austrian field test in GPQU formula three attributes were 
identified that influence the seasonal efficiency of gas heating systems: (i) heat dissipation system, (ii) 
positioning of the boiler whether in the heated or in the unheated area, (iii) existence or absence of a 
bypass valve. The following figure shows the dependency of the boiler efficiency on these characteris-
tics; furthermore the positive influence of a solar thermal systems is shown. 
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Figure 17 Influence of the heat dissipation system, the position and the type of the gas boiler as well 
as of a supporting solar thermal system on the seasonal efficiency (Source: Austrian Energy Agency) 

Accordingly the dependencies of the efficiency according to the GPQU formula can be confirmed: 

• Heating systems show a 4,3% higher efficiency if the boiler is placed in the heated area (and 
not in the unheated area) due to lower storage losses. 

• The benefit of a floor heating is determined to 6,2% compared to a radiator heating system. 
• The heating systems without a bypass valve show a 5% higher efficiency than those with. 
• A solar thermal system reduces the losses in summer (caution: all (3 of 14) solar systems are 

connected with boilers without bypass valve, this might enlarge the difference); [4] resumed 
that there is almost no influence of solar thermal collectors on the efficiency; a larger number 
of test cases with a solar thermal system will be necessary to statistically verify this effect. 

The efficiency of the heating systems is almost independent of the specific heat load (heat load per 
m²) as shown by the following graph. 
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Figure 18 Correlation between heat load and seasonal efficiency; the 6 Hungarian results are coloured 
red, the 8 Austrian are blue (Source: Austrian Energy Agency) 

In principle it could have been suggested that a higher heat load per m² leads to lower distribution 
losses because the heat transport runs over shorter distances (There is an analogue effect with district 
heating: If the objects to be heated are situated very closely together (high energy demand per area) 
the distribution losses decline.) Nevertheless, the graph shows only a little dependency. Possibly this 
effect does not play a role on a small scale of a flat or a house; moreover, it could indicate that the 
insulation of the pipes in the test cases impeded distribution losses to a large extent so that this effect 
is too small to be metered. 
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5 Success factors for a broad market introduction of 
DHQUI and GPQU 

5.1 General 

Beside, technical issues success is prevailingly defined through the perceived value from the side of 
the customers as well as from the side of the service providers. In order to assess this perceived value 
two questionnaires were developed (one for customers and one for installers, see Annex 9.4) dealing 
among others with the following topics: convincing arguments for the participation in the field testing, 
general satisfaction with the service and additional value resulting from the declaration of guarantee of 
a certain boiler installation quality. [22] 

The BOILeff project provoked great interest among customers and installers and other agents of the 
sector in the participating countries. More than 352 customers/ boiler owners and 110 installers 
showed high interest in the project and the two services DHQUI and GPQU and a remarkable share 
participated in the field tests. The developed questionnaires were sent to the whole stakeholder group 
of boiler owners and installers. In total 99 returned questionnaires could be evaluated. 

Table 3 Overview of the participating customers and installers (Source: Wuppertal Institute) 

 Interested in DHQUI and 
GPQU 

Participated in  
GPQU field tests and 

DHQUI implementation 

Returned questionnaires 

 Customers/ 
boiler 

owners 

Installers Customers/ 
boiler 

owners 

Installers Customers/ 
boiler 

owners 

Installers 

Austria 78 36 13 12 10 10 

Germany 40 18 6 3 9 5 

Hungary > 20 >10 20 10 20 10 

Greece > 200 26 >200 12 12 6 

Spain > 14 > 20 14 7 13 4 

Total > 352 > 110 > 249 44 64 35 

In Austria a total of 78 interested customers (boiler owners) and 36 interested innovative installers 
were identified during the project. From this group 13 boiler owners and 12 installers participated in 
the Austrian field test. 10 boiler owners (60% participated in the field test) and 10 installers (40% 
participated in the field test) returned filled-in questionnaires. 

In Germany, 18 boiler owners and 40 installers were interested in participating in the BOILeff project. 
Six boiler owners and three installers participated in the field tests. Some of those customers and 
installers, who didn’t participate in the field tests, filled in the questionnaire. 

In Hungary, in total more than 20 customers and 10 installers were interested in participating in the 
BOILeff project. 20 boiler owners and 10 installers participated in the field test and returned the ques-
tionnaire. 
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In Greece, RAE managed to gather more than 200 signed DHQUI forms, by over 10 boiler installers 
and associations from all over Greece. Specifically, 12 installers took part in the implementation of the 
DHQUI, while more than 26 installers showed interest for further collaboration. 12 customers and 4 
installers returned the questionnaire. 

In Spain, more than 20 installers were interested in taking part in the project, in the end seven of them 
were able to participate in the field tests. These installers presented a total of 14 installations, 13 
customers and four installers returned the questionnaire. 

As a first result from the answers of the installers it can be seen that the typical business areas of the 
participating installers are manifold. They include 38 % heating, 16 % solar, 11 % biomass, 10 % 
sanitary installation (3 % others). Especially the high percentage of solar and biomass business areas 
indicates a high interest in quality installations by installers who are active in these relatively new 
business fields. 

5.2 Evaluation of customers’ response 

The questionnaire (see Annex 9.4.1) starts with a general part: questions about the project and the 
customer and his motivation for his interest in the two new BOIFeff services. This is followed by ques-
tions about the customer’s expectations and the possible implementation of these new services. 

Are the two BOILeff services DHQUI and GPQU realistic and practicable? 

The question if the two proposed new services are realistic and practicable had different results. The 
majority of customers agrees with the DHQUI criteria but regarding the guaranteed performance 
(GPQU) more than half of the customers only partly agree. 

This shows a high acceptance for high quality installations, whereas there might be open questions 
regarding the guaranteed performance by the installer. 

Motives for the participation in the project 

The following motives are fully applicable for 100% of the boiler owners in Germany and Austria for 
their interest in participating in the DHQUI and GPQU: 

• A guaranteed high quality installation 
• An energy-optimized highly efficient heating system 
• Reduction of maintenance and repair services 
• Reduction of greenhouse gas emissions 
• Reduction of fuel consumption and costs 

The response of customers in Hungary, Greece and Spain show a different picture: Only about half of 
them agrees, the other half has reservations regarding these new services and only partly agrees.  

It can be stated that there is a difference in motivation between customers in Germany and Austria 
and customers in Hungary, Greece and Spain. Possibly the importance of heating is lower in the last-
mentioned countries. 
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Expected energy savings 

Only small differences were found in the participating countries. All interviewed customers expect 
energy savings between 10 and 30% by the implementation of the DHQUI and GPQU.  

In Austria 60% of the customers expect energy savings of 20%, two customers expect energy savings 
of 15% and two of 30%. In Germany the range of expected savings is distributed between 10 % and 
30 %, in Hungary and in Spain between 15 % and 20 %. 

Acceptance of additional costs for highly efficient heating systems 

The acceptance of additional costs varies a lot in the different countries. In Germany, Austria and 
Spain customers are willing to pay additional costs for high quality installations (according to the 
DHQUI and including a guarantee declaration) of up to 400 € or up to 10% of the total installation 
costs, in Hungary the interviewed customers are willing to pay additional costs of up to 250 €, in 
Greece up to 150 €. Restricted only to the Declaration of High Quality Installation additional costs of 
250 € max. would be accepted, some customers wouldn’t even accept any additional costs.  

It can be stated that generally additional costs are accepted, though the amount differs. 

Establishment of an independent arbitrator 

With regards to the guaranteed installation, the individual installer will not be able to supervise his own 
work. Customers are asked if an independent control would be necessary in case of conflicts, and 
which institution would be adequate for this kind of control. 

Country-independent most of the interviewed customers are of the opinion that an independent arbi-
trator is necessary to solve conflicts between installers and customers. For being this arbitrator, a 
majority of customers favours a local / regional expert board (representing the professional body, the 
chamber of crafts, the association of engineers, etc), some customers favour a body representing the 
government and a representative of the consumers, and some a scientific institute (university, univer-
sity of applied science) in cooperation with an approved expert. 

Quality label and professional training 

In order to establish market transparency and to ensure the necessary quality standards, a quality 
label or a recognized certificate linked to professional training course can be established. Customers 
were asked if such kind of label would be useful.  

All interviewed customers are of the opinion that a special certificate for a professional training or a 
product label named „guaranteed installation quality“ will be useful for the promotion of high quality 
installations. Furthermore the customers noted that this certificate should be granted due to a partici-
pation of the installer in a professional training; about half of all customers preferred such training in 
combination with a successfully established high quality installation (best practice project). 

5.3 Evaluation of installers’ response 

The questionnaire (see Annex 9.4.2) also starts with a general part: questions about the installer’s 
main application area  and his motivation for being interested in the two new BOILeff services. This is 
followed by questions about success factors, barriers and cost data regarding the possible implemen-
tation of these new services. 
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Motives for the participation in the project 

100% of the interviewed installers are interested in the DHQUI whereas the GPQU is only of interest 
for about half of the installers.  

The question if the two proposed new services are realistic and practicable had different results. The 
majority of country-independent installers agrees with the DHQUI standard, though some of them only 
partly. Regarding the guaranteed performance (GPQU) installers in Greece and Hungary don’t see 
this service as a new business segment, while about half of the installers in Germany, Austria and 
Spain regard it as practicable.  

The following motives are applicable for all installers for their interest in applying DHQUI and GPQU 
services: 

• Extension of business activities with the objectives energy efficiency and guaranteed quality 
for the customer 

• Improvement of expertise and reputation in the field of energy efficiency and customer satis-
faction 

• Expectation of higher turn-over rates 
• Clear differentiation from cheap installations 

Important preconditions for the establishment of the DHQUI and GPQU 

Nearly all interviewed installers are of the opinion that the following preconditions are important for the 
establishment of DHQUI and GPQU services: 

• Open to new challenges; high technical expertise of the management and the executing staff 
• The customers are open-minded and interested in the topics energy savings and climate pro-

tection 
• Motivating the staff through professional trainings with specific training contents (hydraulic 

balance etc.) 
• Public information 

Expected energy savings 

The answers regarding expected energy savings by the implementation of new heating systems 
according to the DHQUI reveal differences in the participating countries. Whereas the interviewed 
installers in Austria and Hungary expect energy savings between 15 and 20% the installers in Ger-
many and Spain expect savings between 10 % and 30 %.  

Obstacles or barriers for the success of the DHQUI or GPQU 

This question is related to the practicability of the new services and the role of obstacles and barriers. 

Nearly all of the installers in the participating countries agree or partly agree on the following obstacles 
and barriers for the success of DHQUI and GPQU services:  

• Insufficient transparency of the installation quality of the heating system: For the customer it is 
very difficult to differentiate between a good quality installation and a less good installation 
(this obstacle can be overcome by DHQUI and GPQU) 

• More personal efforts for the acquisition (advertising and dialogues with customers) and an 
additional inspection of the unit (heating system and distribution) is necessary 
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• More time effort to prepare quotations (pre-calculation) for the installation and the controlling 
of the guaranteed quality 

• Higher efforts for the initial setup of the heating system and the subsequent maintenance are 
needed 

Estimated additional costs for highly efficient heating systems 

Assessment of additional costs varies quite a lot in the different countries. For the installation of the 
heating system according to the declaration of high quality, the installers in Austria and Germany 
expect additional costs between 150 and 1500 €8 or 3 to 15% of the total installation costs. 80% of the 
interviewed installers expect additional costs of around 5% of the total installation costs. In Hungary, 
Spain and Greece, installers expect additional costs of 250 € (max). 

General integration of heat and electric meters into the heating system 

Some experts propose to integrate generally heat meters and an electricity meter to ease the evalua-
tion of the heating system’s efficiency.  

The installers’ feedback is quite different: 80% of the installers in Austria disagree to a general integra-
tion of heat and electric meters into the heating system because they are of the opinion that the sys-
tem will become prone to errors and that the customer dialogue will become more challenging. Only 
20% of the installers agree if the additional costs do not exceed 5% of the total installation costs. In 
Greece, all installers disagree even if the costs do not exceed 5 % of the total installation costs. In 
contrast, in Germany, Hungary and Spain about all installers agree if the costs for the meters do not 
exceed 5 % of the total costs. 

Necessary additional time for carrying out the following steps according to DHQUI and GPQU 

In the following table the distinct steps for the implementation of the DHQUI and the GPQU are listed 
together with the expected time needed in average. It shows that the assumptions are similar in the 
participating countries but strongly depend on the size of the building. 

                                                      

8 Taking into account average total installation costs for a flat or single-family house (around 130 m² gross floor area).  
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Table 4 Expected time for the deployment of DHQUI and GPQU services 

MEASURES SFH* MFH*  

Survey of the building for the heat load calculation 1,5 to 3 3 to 12 h / house 

Survey of the heating network and rooms for the room by room 
heat load calculation and the calculation of the pipeline network 0,2 to 3 0,3 to 15 h / room or 

house 

Implementation of a heat load calculation according to a valid 
standard (i.e. DIN EN 12831, ÖNORM EN 12831) 0,5 to 4 2 to 15 h / house 

Calculation of the pipeline network and identification of the values 
for the thermostatic valves 1 to 4 2 to 4 h / ThV 

Installation of a pre-adjustable thermostatic valve 0,4 to 1,5 h / ThV 

Implementation of a hydraulic balance by adjusting the thermo-
static valve 0,2 to 0,5 h / piece 

Pump parameterisation and adjusting the central heating controls 1 to 2 2 to 3 h / system 

Briefing the customer about his new heating system concerning 
fuel supply, boiler, circulation pump, control system, hot water 
storage tank and actions to be taken in case of malfunction as 
well as possibilities to optimise the system operation (e.g. proper 
use of the thermostatic valves). 

1 to 8 h / system 

Assembly time for the installation of heat and electricity meters 1 to 2 h / meter 

Annual costs for monitoring the system (for the GPQU) No estimation, difficult 
to assess Euro / house 

* SFH = single family house of about 130 m2 gross floor area,  

MFH = multi family house with about 8 flats (80 m2 gross floor area per flat) 

Establishment of an independent arbitrator 

With regards to the guaranteed installation quality according to DHQUI or GPQU services, the individ-
ual installer will not be able to supervise his own work. Installers were asked if an independent control 
would be necessary in case of conflicts, and which institution would be adequate for this kind of con-
trol. 

With the exception of Austria all installers regard an arbitrator as necessary, though the question who 
could take that role is answered differently. In Austria, 80 % of the interviewed installers are of the 
opinion that an independent arbitrator isn’t necessary to solve conflicts between installers and cus-
tomers. Only 20 % agree with the idea to take into account a local/regional expert board as independ-
ent arbitrator, if necessary. In Germany most of the installers regard an arbitrator as necessary. This 
task should be carried out by an already existing local / regional expert board (representing the pro-
fessional body, the chamber of crafts, the association of engineers, the house owners, other inde-
pendent institutions or a university institute). In Spain, 50 % of installers agree with the idea of an 
independent arbitrator in case of conflicts. For this role they favour a body representing the govern-
ment or the administration and a representative of the consumers. In Hungary and Greece, an arbitra-
tor is regarded as necessary, 80 % of the installers in Hungary propose a qualified expert for this, 100 
% of the Greek installers propose a committee consisting of one representative of the own profes-
sional body and one representative for the consumers´ interest. 
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Quality label and professional training 

In order to establish market transparency and to ensure the necessary quality standards, a quality 
label or a recognized certificate linked to a professional training course could be established. Installers 
are asked if such kind of label would be useful. 

In Austria, only 50% of the installers are of the opinion that a special certificate for a professional 
training or a product label „Guaranteed Installation Quality“ would be useful to promote high quality 
installations. In Germany, Hungary and Spain 70 % to 80 % of installers agree, while in Greece 100 % 
(partly) agree to such a label. 
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6 Recommendations for manufacturers of boilers and 
their components for detached and semi-detached 
houses and small apartment buildings 

This section provides recommendations for manufacturers to further improve their boiler developments 
(including components) for detached, semi-detached and small apartment buildings. 

6.1 Improving the hydraulics of small wall-mounted and floor-standing 
compact boilers  

The biggest part of the gas boilers (and gas combination water heaters) available today are con-
structed either as low temperature or as condensing boilers. They are wall-mounted multi-purpose 
devices with integrated or separate small storage tanks; sometimes they are also floor-standing com-
pact boilers with an integrated small storage tank. 

Boilers of this construction type have to provide space heating as well as domestic hot water. They 
have a very low water content (about 3 to 6 litres at 14 to 24 kW of power); this is the only way to 
ensure comfortable and appropriately quick hot water supply using the instant water heater principle. 
The low boiler water content of these appliances induces:  

• the need of a minimum water circulation inside the boiler to avoid overheating 
• the installation of integrated pumps which are usually too big for downstream heating circuits 

(causing a high auxiliary energy consumption) because of the high hydraulic resistance of the 
heat exchanger 

• the installation of bypass valves and sometimes the use of hydraulic nodes. This causes an 
increased return temperature, which will often impede condensation and thereby increase the 
fuel consumption of condensing boilers 

Suggestions for the optimisation of wall-mounted and floor-standing compact boilers up to 24 
kW with low water content:  

• Realisation of a higher power modulation range than the current 1:3 or 1:4 between the 
lowest and highest power possible. The optimum is at 1:15, in combination with a base load 
as low as possible (below 4 kW) to avoid the need for a minimum water circulation inside the 
boiler.  

• Constructive redesign of the appliance hydraulics including the increase of boiler water 
content (at least 10-20 l) aiming at a low overall pressure loss in the heat generator (about 50 
mbar at rated load). 

6.2 Installation of measurement devices in heating systems for an 
automated energy balance  

If the installation contractor wants to guarantee the achieved energy efficiency improvement via the 
standardised annual overall efficiency, a targeted energy monitoring of small heating appliances by 
measuring fuel input and heat output is required. It will be advantageous, if the measuring is not 
conducted manually – causing high effort – but automatically using appropriate measurement devices.  
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Appropriate heat meters with a small pressure loss (for example using ultrasound) should measure the 
energy transfer to the heating system respectively to the domestic water heating as well as further 
energy input (solar, biomass, …). 

Fuel use may be monitored with gas or oil quantity meters. It is also possible to additionally gauge the 
condensate quantity of condensing boilers, which is a measure for the effectiveness of operation in the 
condensing mode.  

Using these data, it will be possible to set up an energy balance, which can be used to control the 
boiler efficiency.  

The data must be saved and stored on site; they may be gathered and analysed once a year at the 
end of the heating season by the service provider on-site or via remote access. 

Suggestions for the installation of measurement devices in heating systems for an automated 
energy balance:  

• The heat and fuel meters and interfaces for data transfer needed for automatic data logging 
should be integrated into heating systems by default.9 

6.3 Reduction of auxiliary electrical energy consumption in small 
heating systems for detached and semi-detached houses  

The auxiliary energy use of a heating system normally consists of the energy requirements of the 
various pumps (space heating water circulation, domestic hot water circulation, and boiler charging 
pump), the energy requirement of the fan and the electronics. Starting points for the reduction of 
auxiliary energy use are particularly the pumps. Energy-saving EC-motor pumps are now available on 
the market, enabling savings of up to 80%. Additional savings can be achieved by demand-driven 
control of pumps. 

The operating times of hot water circulation pipes are often set too high. Reliable recommendations for 
use-oriented, hygienically safe system operation standards are lacking. Another factor causing high 
energy consumption are control electronics. This is mainly caused by inefficient transformers with a 
high stand-by consumption and would be easily avoidable by using electronic power supplies.  

Suggestions for the reduction of auxiliary energy:  

• Boiler and space heating circuits, hot water circulations and the boiler charging circuit should 
be fitted with class A (rsp. EC motor) circulating pumps as standard. For boiler and heating 
circuits, the EuP regulation makes class A pumps mandatory anyway from 2015 onwards, 
therefore it will be useful to start with the integration as early as possible. 

• The controls of the boiler must allow individual settings for an efficient and demand-orientated 
mode of operation of the different hydraulic elements (pumps, valves). 

• Concerning the determination of reliable parameters (operation time, temperatures, etc.) and 
concepts for an energy-efficient and hygienically safe operation of the domestic hot water cir-
culation, comparative EU-wide studies should be conducted. These should take into account 

                                                      

9 This advice is not based on present costs but assumes reduction of costs in case of integration and therewith mass  
  production. 
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the differences between typical storage concepts in compact systems: instant heater for hot 
water, buffer storage concept, external fresh water station. 

• Reduction of the stand-by energy consumption of the heating controls. 

6.4 Improving the overall efficiency of integrated heating systems, 
especially heating systems in combination with thermal solar 
systems for hot water generation and space heating  

Extensions of heating systems by solar thermal systems have been more and more successful re-
cently. In space heating and hot water generation it offers a big potential for savings of fossil fuels and 
reducing emissions. But often the interaction of heating systems with solar thermal systems, following 
current studies and the Boileff metering results, may be judged as not hydraulic optimised.  

Suggestions for boiler producers and component suppliers for a better hydraulic integration of 
several heat generating systems into a complete system 

• Optimisation of the hydraulic integration of several heat generating systems into a highly effi-
cient complete system. The installers can be qualified by manufacturers through training 
courses on site, using optimised demonstration systems and well-known hydraulic standard 
schemes combined with practice-oriented guidelines. 

• Mandatory installation of heat meters and - where required - retrofitting of a so-called “acoustic 
function control” into the controls panel of solar thermal systems for heating support. 
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7 Conclusions 

Insufficient installation of heating systems often leads to low efficiency of new – even condensing – 
boilers. Although test cases demonstrate that new boilers may achieve high efficiency, their real 
performance is often much lower. The BOILeff project was initiated to develop and to assess two new 
market approaches for improving the efficiency of boiler installations. 

The first market approach is a high quality declaration (DHQUI). This declaration is included in the 
contract between installers and end consumers. It provides a checklist of quality criteria for a “high 
quality installation”. The second approach is a “performance guarantee” (GPQU). The installer should 
be able to guarantee a certain efficiency of the boiler as a result of a “high quality installation”. 

These two approaches were tested and evaluated by field tests under real conditions in the heating 
period 2008/2009. For the field tests, typical residential buildings with heat loads up to 20 to 25 kW 
have been taken into account.  

In total, metering results were achieved in 23 gas heating systems, 3 oil heating systems and 3 bio-
mass heating systems in Austria, Germany and Hungary. Due to the low number of heating systems 
with oil and different biomass technologies (and biomass fuels), for comparison reasons, an in-depth 
analysis was only carried out for gas heating systems. 

In average, the gas heating systems achieved a seasonal efficiency of 87,9% (GCV), the two oil 
heating systems 85,0% (GCV), the pellets system 90,6% (NCV) and the firewood boiler 74,2% (NCV). 
BOILeff installations outperform standard systems (stock consideration) by 11,9 (gas), 10,0 (oil), 16,6 
(pellets) resp. 7,2 (firewood) percentage points. 

The energy savings that can be achieved by the deployment of both market instruments are expected 
to be quite considerable. 

In Austria presently approximately 62,545 GWh/a are required for space heating and domestic hot 
water. The Austrian Energy Agency assumes final energy savings of up to 13.3% by a total exchange 
of the heating system stock to optimally installed highly efficient heating systems. This correlates to a 
possible reduction of greenhouse gas emissions of up to 4.74 Mio. t per year. Final energy savings of 
4,300 GWh/a and a reduction of greenhouse gas emissions of 890,000 kg/a can be achieved. In-
noterm expects energy savings of 3,200 MWh/year in Hungary. URV Crever estimates annual energy 
savings of about 350 MWh/year in Spain.  

The analysis shows that the GPQU method (formula) can forecast the efficiency within a security band 
of 3 percentage points in Austria and of 6 percentage points in Hungary. The following parameters 
contribute positively to the seasonal efficiency: (i) boiler is placed in the heated area, (ii) boiler has no 
bypass valve, (ii) heat dissipation by floor heating system, and (iv) additional solar thermal system. 
Positive correlations to the seasonal efficiency were analysed for the following parameters: (i) increas-
ing heat and work load, (ii) low overdimensioning, (iii) low domestic hot water demand, and (iv) high 
energy demand. Problems could be identified in test cases with low heat loads. In these cases boilers 
are often overdimensioned; sometimes installers did not care to perform heat load calculations or 
there was no suitable boiler model available. 

Based on the evaluations made it is concluded that both market approaches could be successfully 
proved by the results of BOILeff project. Taking into account that there was a random choice of con-
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densing boilers on a different price and efficiency level, it may be further concluded that the achieved 
performances of installations based on certain brands and models (of this brand) will outperform the 
values of GPQU formula (based on DHQUI installations)(!)  

When assessing the two new proposed market approaches in the participating countries only small 
differences exist in the participating countries. The customers as well as the installers regard the 
DHQUI approach as realistic whereas the GPQU is only partly agreed with at the moment. It seems 
that too many questions are still open (e.g. the open question regarding an independent arbitrator in 
case the guaranteed efficiency is not achieved). 

Generally the agreement in Austria and Germany is higher than in Hungary, Greece and Spain but the 
customers’ motivation to implement a high quality installation matches the installers’ in all participating 
countries: Customers want a high quality installation to save greenhouse gas emissions and money, 
installers see the possibility to extend their business activities via a clear differentiation from cheap 
installations. 

Because of the higher installation quality, both the customers and the installers expect fuel savings 
between 5 % and 30 %. The customers principally accept additional costs, which will result from 
DHQUI and GPQU, though there are some differences between countries regarding the amount of the 
additional costs. It is agreed that additional costs could be reduced partly by general integration of 
heat and electricity meters into the heating system. 

One major problem are obstacles for future implementation, which have to be overcome: Insufficient 
transparency of the installation quality for customers, more personal and time efforts for acquisition 
and higher efforts for the initial setup by installers. 

These obstacles can partly be overcome by the installation of an independent arbitrator, who can 
mediate in case of problems. Nearly all customers and installers in the participating countries agree to 
such an institution, though big differences and uncertainties exist concerning the question which 
institution or person could execute such a role. 

An important measure to overcome insufficient transparency for the customer and to reduce time 
efforts for acquisition of the installer could be the invention of a “Guaranteed Installation Quality Label” 
for installers who are certified to carry out high quality installations. All customers in the participating 
countries agree, the installers generally agree as well but show a different grade of agreement in the 
different countries: Austria 50 %, Germany, Hungary, Spain 70 % to 80 % and Greece 100 %. 

Recommendations to the boiler manufacturers focussed on the following issues:  

• Improvement of the hydraulics of small wall-mounted and floor-standing compact boilers  
• Installation of measurement devices in heating systems for achieving automated energy bal-

ances 
• Reduction of auxiliary electrical energy consumption in small heating systems for detached 

and semi-detached houses  
• improving the overall efficiency of integrated heating systems, especially heating systems in 

combination with thermal solar systems and/or other RES systems for hot water generation 
and space heating  
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9 Annex 

9.1 DHQUI and GPQU – English versions 

9.1.1 DHQUI 
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9.1.2 GPQU 
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9.2 DHQUI – national versions 

9.2.1 Greece 
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9.2.2 Spain 
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9.2.3 Hungary 
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9.2.4 Germany 
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9.2.5 Austria 
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9.3 GPQU – national versions 

9.3.1 Spain 
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9.3.2 Hungary 
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9.3.3 Germany 
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9.3.4 Austria 
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9.4 Questionnaires for customers and installers 

9.4.1 Questionnaire for customers 
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9.4.2 Questionnaire for installers 
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