
	PERMANENT REPRESENTATION OF DENMARK

to the European Union
	[image: image7.emf][image: image1.emf]Ref. Ares(2013) 103750 - 13/05/2013

	Brussels
	
	

	
	
	

	European Commission
	
	Rue d’Arlon 73

	DG Energy
	
	B-1040 Brussels

	Rue de la Loi 200
	
	Tel. (02) 233.08.11 

	1049 Brussels
	
	Fax (02) 230.93.84

	
	
	E-mail: brurep@um.dk

	
	
	www.eurepraesentationen.um.dk

	BY HAND
	
	


	Attachments

2
	Reference number

400.K.4-0
	Division
	08 May 2013


Obligation to report in accordance with Article 14(5) of Directive 2010/31/EU on the energy performance of buildings

The above-mentioned report is enclosed.

per pro

Executive Committee

// signature // 

Laura Hviid Arildsbo

Energy attaché
	//  received stamp  //

	//  received on 13.05.2013  //


[image: image2.emf]
[image: image6.emf]


	European Commission
	
	6 May 2013

	DG Energy
	
	Ref. No 2607/1817-0003

	DG ENERGY C3
	
	Ref. ESM/MRA/HEA 

	Attn: Mr Paul Hodson, Head of Unit
	
	Buildings and energy efficiency


DANISH ENERGY AGENCY

Energistyrelsen

Obligation to report in accordance with Article 14(5) of Directive 2010/31/EU on the energy performance of buildings (recast)

The Danish Energy Agency has received the Commission’s letter of 8 August 2012 concerning compliance with Articles 14 and 15 of the recast Directive. The Danish Energy Agency replied to the Commission’s letter on 5 September 2012, stating that the Danish Energy Agency intended to submit the information requested by the Commission before 8 May 2013.

With this letter, Denmark’s further specification of the equivalence report submitted on 24 June 2011 is enclosed to fulfil the Commission’s request of 8 August 2012.

The Danish Energy Agency will be available with any additional specification of the above and of the enclosed report.

Yours sincerely,

// signature //

Henrik Andersen

DANISH ENERGY AGENCY

Energistyrelsen

On 1 February 2011, Denmark opted to implement Article 14 of the Directive on the energy performance of buildings (Directive 2010/31/EU of 19 May 2010, recast) through alternative measures as referred to in Article 14(4). Denmark forwarded a so-called equivalence report to the Commission on 24 June 2011, and on 8 August 2012, Denmark received a letter from the Commission, requesting further specific information in accordance with the obligation of the Member States under Article 14(5). Accordingly, this note provides further details on the effects of the alternative measures as compared with the effects of a hypothetical inspection scheme as a supplement to the equivalence report submitted on 24 June 2011 regarding the period 30 June 2011-30 June 2014.

Summary
Pursuant to the Directive on the energy performance of buildings (Directive 2010/31/EU of 19 May 2010, recast), a scheme for the inspection of boilers for heating buildings is to be introduced in the Member States to help ensure that boilers are energy efficient. As an alternative to a compulsory inspection scheme, Member States may opt to implement other measures provided that the impact of such alternative measures is equivalent to that arising from an inspection scheme. Denmark has opted to implement alternative measures rather than a boiler inspection scheme, and this report establishes the likelihood of such measures contributing larger energy efficiencies than an inspection scheme could reasonably be expected to do.
In Denmark, it is a political goal that heating of buildings is to be based on renewable energy by 2035 and a further goal that oil-fired boilers are to be phased out by 2030. Those boilers that would be covered by a hypothetical boiler inspection scheme are therefore expected to be phased out in 2030.

Specifically, a number of measures have been introduced to contribute to making oil-fired and natural gas-fired boilers more efficient or to phasing them out, and the aims of these measures are the same as those of a boiler inspection scheme.
The report mentions the following alternative measures:

· Provision of advice, e.g. the Danish Knowledge Centre for Energy Savings in Buildings (Videncenter for Energibesparelser i Bygninger)

· Subsidy for phasing out oil-fired boilers
· Aid for building renovation

· Compulsory efficiencies for energy companies

· Reduced electricity tax for heat pump owners and higher tax for fossil fuels, etc.
· Ban on the installation of oil-fired boilers in certain buildings and efficiency requirements for boiler systems.
For some of these alternative measures, the effect has been calculated for efficiencies or the phasing out of boilers, that is, the type of effects that an inspection might, hypothetically, cause. A few of the alternative measures described have been included without an assessment of their effects due to too much uncertainty as regards the calculation of these effects.
The effect of a hypothetical boiler inspection scheme will depend on the number of relevant boilers in Denmark. It is estimated that there are 720 000 boilers, with a distribution as shown in Table A.

Table A. Boilers used for heating in Denmark

	Type
	Number

	Oil

Natural gas

Solid fuels and biofuels
	250 000

370 000

100 000

	In total
	720 000


The effects of a hypothetical inspection scheme and alternative measures, respectively, are shown in Table B. There is considerable uncertainty as regards the calculations. The effects of the hypothetical inspection scheme have been calculated with and without taking into consideration the existence of voluntary, market-based inspections of boilers. Compulsory inspections cannot be expected to have an effect on building owners who have already made agreements for voluntary inspections.

Table B. Effects of a hypothetical boiler inspection and alternative measures, TJ per year for the first year of an initiative
	Scheme
	TJ

	Hypothetical boiler inspection scheme     without voluntary arrangements

                                                                   with voluntary arrangements
	9

3

	 Alternative measures                                 Energy companies’ compulsory savings

                                                                    Dwelling-job scheme

                                                                    Changed electricity and security of supply tax

                                                                    Prohibition against oil-fired boilers in public areas

                                                                    Requirements for boilers
	5
86

60

1

28

	In total
	181


Despite calculation uncertainties, it is evident that a boiler inspection scheme will not have the same effect as the alternative measures can be expected to have.
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1 Introduction
Pursuant to Article 14 of the Directive on the energy performance of buildings (EPBD), Member States are to implement either compulsory inspections of boiler systems of more than 20 kW or alternative measures providing the same effect as a compulsory inspection scheme would have done. What the alternative measures may include is not specified, but, in the Danish Energy Agency’s judgment, a number of different measures can meet the challenge of inefficient boiler systems. Thus, the Danish Energy Agency assumes that economic, legal and advisory measures may all be considered alternatives to compulsory inspections.

This "equivalence report" indicates that it is likely that alternative measures will provide larger energy efficiencies than an inspection scheme would have done.

By far the major part of boiler systems in Denmark use oil or natural gas, and the reason for choosing alternative measures over compulsory inspections is that it has for some time been a goal to phase out oil – and now also natural gas – for individual heating. Most recently, in its political statement “Vores Energi” (Our Energy), the Danish Government has set objectives for the energy area which, among other things, imply that all oil-fired boilers must be phased out by 2030, and by 2035, all heating must be based on renewable energy. With this relatively short transitional period, the Government has decided to focus first on the conversion to renewable energy and secondly on making heating more efficient.
The alternative measures included below have not been introduced as a direct consequence of the decision not to implement a boiler inspection scheme, but they have the same aims as a boiler inspection scheme. For some of these alternative measures, the effects have been calculated for efficiencies in boilers or phasing them out. The measures may have effects on factors other than efficiencies in boilers or phasing them out, however, these effects have not been included.
Initially, the following description explains how the number of boilers has been stated for the various types of fuels, including an indication of the expected share of boiler systems of more than 20 kW. Afterwards, the framework for a compulsory inspection is described as well as the expected effects of a hypothetical inspection scheme. Then the alternative measures that Denmark has implemented are described, and the effects of these measures are assessed. Finally, the effects of a hypothetical inspection scheme are compared with the effects of the alternative measures.
2 Data basis for the number of boiler systems

Pursuant to the EPBD, boiler systems for space heating with a thermal output of more than 20 kW are covered by the inspection obligation. On the other hand, boiler systems for uses other than space heating, for example industrial and processing uses, are not covered by the obligation of inspection and have therefore not been included in the below statement of the number of boilers.
Several sources contribute to the mapping of the number of boiler systems. The primary source for mapping the number of boiler systems is BBR, the Danish Register of Buildings and Dwellings, which is a national register containing data on all buildings and dwellings in Denmark. The register is updated on a continuous basis by the municipalities, especially in connection with the consideration of building cases. Moreover, building owners are obliged to submit any changes to the internal BBR unit in charge of data, and utility companies supply BBR with consumption data.

Not all building owners know that they have an obligation to update the information in the register, and municipalities often update the register rather late, which reduces its validity. Therefore, additional information is used below, in particular for oil-fired boilers and for less frequently used types of systems.
First, the development in the history of types of heating for dwellings will be shown. During the past 30 years, the share of dwellings heated with boilers and the like (that is, central heating using oil, natural gas or other types of fuel or other stoves) has fallen considerably, resulting in a relatively higher number of dwellings being heated via district heating, see Figure 1. This development has been enabled by an extension of the district heating network. Among dwellings with boilers, the share of oil-heated dwellings fell, resulting in a higher share of natural gas-heated boilers, which again was enabled by the extension of the public natural gas network.
The share of dwellings heated by means of heat pumps has been stated separately for the last three years (before that, heat pumps belonged under electricity or not available). In 2012, the share is 1.2 %, having risen considerably since 2010.

Figure 1. Dwellings listed according to type of heating, 1981-2012

· Figure 1 to be inserted
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Legend:

Centralvarme med olie: Central heating based on oil

Centralvarme med naturgas: Central heating based on natural gas

Centralvarme, ikke olie og naturgas: Central heating, not based on oil or natural gas

Øvrige ovne: Other stoves

Elovne: Electric stoves

Fjernvarme: District heating

Varmepumper: Heat pumps

Uoplyst: Not available

Source: Statistics Denmark, StatBank Denmark, tables BOLI, BOLI 1 and BOLI02.

During the last five years, the number of oil-heated dwellings has decreased, whereas the number of natural gas-fired boilers has increased.
It has yet to be decided how much the district heating network is to be extended in the next few years, but any extension can be expected to be far less dramatic than has been the case in the past decades. Overall, however, a certain phasing-out of oil-fired boilers can be expected, even without further measures.
The BBR register contains data on heating installations, means of heating, additional means of heating, various details in particular about oil tanks and on deliveries of e.g. oil to various addresses. This information concerns individual buildings or addresses. This is the type of information used below; if it is impossible to state the precise number of boilers, it is because, in some cases, the information has not been updated. Finally, BBR information is not quite as specific as needed. For example, coal-fired systems cannot be separated from wood pellet boilers.
In Table 1, Denmark’s approx. 2.7 m buildings are distributed on type of heating and use of the buildings. The table is based on information from the municipalities/owners about primary heating installations and means of heating, and, on this basis, there is an indication for 371 533 buildings that they use oil for heating, and an indication of 374 277 natural-gas heated buildings. Moreover, buildings using solid fuels also have boilers that would have to be inspected under a boiler inspection scheme. There is an indication of 107 376 (= 94 966+12 410) buildings using solid fuels as their means of heating. Most of them probably use firewood or wood pellets, see the special study below. The other types of heating have been included to provide a complete picture.

Table 1. Distribution of buildings1 on types of heating and uses of buildings, number of buildings

	Heating2
	Single-family houses
	Other residential buildings 
	Production
	Offices, etc.
	Culture, institutions, etc.
	Secondary residences
	In total

	District heating
	645 375
	79 237
	13 077
	37 207
	21 818
	7 636
	804 350

	Natural gas
	327 090
	10 344
	13 261
	13 762
	7 545
	2 275
	374 277

	Oil
	285 519
	8 617
	35 348
	15 973
	5 427
	20 649
	371 533

	Heat pumps
	40 976
	581
	947
	889
	420
	5 866
	49 679

	Electricity
	105 868
	3 687
	7 645
	10 108
	5 020
	200 464
	332 792

	Straw
	7 935
	199
	4 007
	153
	67
	49
	12 410

	Solid fuel
	68 358
	1 358
	6 936
	1 522
	722
	16 070
	94 966

	Other
	8 080
	458 
	3 001
	1 328
	550
	4 357
	17 774

	Unknown
	48 269
	2 952
	507 949
	43 028
	9 134
	38 909
	650 241

	In total
	1 537 470
	107 433
	592 171
	123 970
	50 703
	296 275
	2 708 022


Source: BBR, own calculations

1Small buildings like carports, garages and outhouses are not included.

2This classification is based on information about heating installations and means of heating.

As mentioned earlier, this list cannot be used as the only source in the statement of the relevant number of boilers as the following, among other factors, are sources of uncertainty in the statement
· As shown above there is a trend for phasing out oil-fired boilers, and building owners who have phased out their oil-fired boilers have not all updated the information.

· Some of the buildings may not be heated (maybe they are not used).

· In some buildings, more than one boiler may be used.

· Some buildings have additional boiler heating.
2.1 Oil-fired boiler systems

The equivalence report of 24 June 2011 mentions a method for mapping the number of boilers via the boiler inspection scheme consisting of annual energy measurements, cf. Order No 62 of 27 January 2011
. Since the entry into force of the scheme, all owners of oil-fired boiler systems have been under an obligation to have their oil-fired boilers energy-measured once a year. The measurement includes waste gas loss and sooting number, and the type and age of the boiler are recorded. However, the scheme has not functioned as intended, probably because the need for energy measurements has been met through a large number of market-based voluntary arrangements. At the same time, the central BBR register has been developed to such an extent that the mapping of the number of boilers can be achieved via that register. The result is that the requirement for annual energy measurements will cease to apply on 1 June 2013.

As shown in Table 1, 371 533 buildings were found where the registration of heating installation and means of heating indicated that the buildings were heated using oil. However, there is only information for 259 647 of these buildings about the existence of an oil tank. The Danish Ministry of the Environment has made an extensive study in order to register the locations of all active oil tanks in Denmark, and it must therefore be assumed that the BBR registrations of active oil tanks are high-quality data. Finally, oil is delivered to 182 801 addresses according the records. As an indicator of the number of boilers, this is probably too low since the scheme for collection of consumption data is relatively new.
There are 8 046 buildings for which information exists indicating that they use oil as a secondary type of heating.

Table 2. Supplementary information on buildings with oil-fired boilers, number
	
	Number

	Buildings where heating installation and means of heating indicate heating by oil
	371 533

	.. out of these, buildings for which information exists about a non-discarded oil tank
	259 647

	Addresses to which oil is delivered
	182 801

	Buildings for which information exists on supplementary heating with oil
	8 046


Source: BBR, own calculations
The Danish Energy Agency's overall estimate of the number of oil-fired boilers is approx. 250 000.

As the size of the oil-fired boiler systems is not evident from BBR, the total number of oil-fired boiler systems must be further qualified to find the number of oil-fired boiler systems covered by the obligation of inspection in Article 14. The assessment of how many of the boilers have an effective rated output of more than 20 kW is based on information from the boiler inspection scheme.

Out of the boiler systems that were subject to energy measurement, approx. 24 400 boiler systems were larger than 20 kW, which amount to approx. 52.6 % of the total number of oil-fired boiler systems. As the obligation to have energy measurements performed rests with all boiler owners, it is assumed in the following that the 45 652 energy measurements reflect the composition of boilers throughout the country. However, it is possible that energy measurements have been made in particular for larger boiler systems as these systems would have a larger potential for efficiencies if they were inefficient. The probability that many – and perhaps more than half of the boilers – are of less than 20 kW is indicated by the fact that by far the majority of buildings with oil-fired boilers are single-family houses of less than 150 m2, see Table 1, and it must be expected that, among these buildings, many have systems of a maximum of 20 kW.
Figure 1. Distribution of buildings with indication of oil heating broken down by size of buildings, number

[image: image4.emf]
Figure text:

Højest 50 kvm: Maximum 50 m2
50-100 kvm: 50-100 m2 

Over 500 kvm: More than 500 m2
However, the following calculations are based on the statements from the energy measurements, showing that 52.6 % of all oil-fired boiler systems have effects of more than 20 kW, even if this percentage is higher than the Danish Energy Agency estimates it to actually be. In the calculations below, the percentage of boilers of more than 100 kW is also relevant because these boilers must be inspected more frequently. In the Danish Energy Agency' judgment, this applies only to a small number of boilers, and it is specifically assumed below that 5 % of the boilers are of this size.
2.2 Natural gas-fired boiler systems
The equivalence report of 24 June 2011 was based on statements from the natural gas distribution companies which, for safety reasons, have a thorough knowledge of the number of boilers.

At present, natural gas-fired boiler systems are registered in the BBR register. As mentioned earlier, this information originates from the building owners and from municipalities' examination of planning applications. However, this registration will be optimised as from 1 July 2013 when a mandate is introduced to require the natural gas distribution companies to record more specifications regarding the heating installation in BBR, for example the type and age of the boilers.
As shown in Table 1, BBR records indicate that the number of natural gas-fired boilers is 374 277, most of them in single-family houses, including terraced houses. The number of addresses to which natural gas is delivered can be stated at 391 824. The difference may be due to the BBR information on heating installations and means of heating not being up-to-date.

The size of buildings with indication of natural gas is shown in Figure 2, and – as for oil-fired boilers – most of the buildings are of less than 150 m2.

Figure 2. Distribution of buildings with indication of natural gas heating broken down by size of buildings, number
[image: image5.emf]
Figure text:

Højest 50 kvm: Maximum 50 m2
50-100 kvm: 50-100 m2 

Over 500 kvm: More than 500 m2
For dwellings using natural gas for heating it is assumed – like for buildings using oil for heating – that 52.6 % of the boilers have a capacity of at least 20 kW. As for oil-fired boilers, 5 % of the boilers are assumed to be of more than 100 kW.

2.3 Coal-fired and coke-fired boilers
The Danish Energy Agency's equivalence report of 24 June 2011 based the statement of coal-fired and coke-fired boiler systems on a report from the Danish Technological Institute (Teknologisk Institut) dated March 2006, commissioned by the Danish Energy Agency, which stated the number of boiler systems to be 6 000.

Moreover, it is evident from the Danish Energy Agency's energy statistics that households' consumption of coal and coke amounted to 30 TJ/8333 MWh in 2011. If this is primary heating, it is equivalent to 417 households, and if the energy consumption is used as a secondary source of heating, it is equivalent to 833 households.
It is not possible to assess the number of buildings using coal and coke for heating based on BBR information as the BBR register only contains an indication of buildings using solid fuels, which include wood pellets, etc. There is some uncertainty as regards the calculation of the total number of coal-fired and coke-fired boilers which is assumed to be between 833 and 6 000.

2.4 Biofuel-fired boilers

Since its equivalence report of 24 June 2011, the Danish Energy Agency has had drawn up a report by FORCE Technology on the extent of biofuel-fired boilers, November 2011. According to that report, there are approx. 88 000 boiler systems of more than 20 kW in Denmark that use biofuels, including straw, firewood, wood chips, wood pellets and biodiesel. The report states the total number at approx. 136 000 biofuel-fired boiler systems for heat production; out of these, 88 000 are of more than 20 kW.
Table 3. Estimate of number of boilers using biofuels
	2.5 Fuel
	2.6 Technology/ownership
	2.7 Total consumption (TJ)
	2.8 Less than 20 kW
	2.9 Between 20 kW and 100 kW
	2.10 More than 100 kW
	2.11 In total

	Straw-fired boilers
	Batch-fired systems on farms

Automatically fired systems on farms
	3 915

435
	0
0
	0
0
	5 400
300
	5 400
600

	Firewood-fired boilers 

Chips-fired boilers
	Private, farms, etc.
Forestry, farms, large estates and private

Large buildings
	3 744
108

146
	0
0

0
	32 000
200

0
	0
40

35
	32 000
240

35

	Wood pellet-fired boilers
Biodiesel-fired boilers
	Private incl. farms
Large buildings

Private incl. farms

Large buildings
	10 105
1 783

20

4
	48 000

0

100

0
	48 000
1 000

100

4
	0
1 000

0

0
	96 000
2 000

200

4


The total number of boilers in Table 3 and for coal and coke corresponds approximately to the BBR report on buildings for which there is an indication of either solid fuel or straw, see Table 1. On the whole, Table 3 covers a somewhat higher number of systems, but this may be due to the inclusion of supplementary heating systems.

.

2.12 Total number of boiler systems
Table 4 provides a summary of the estimates of the number of boilers.

Table 4. Estimates of number of boilers
	Type
	Number (overall estimate)

	Oil
	250 000

	Natural gas
	370 000

	Solid fuels and biofuels
	100 000

	In total
	720 000


3 The effects of a hypothetical inspection scheme
Several factors may have an impact on the effects of an inspection scheme. In the following, the content of a hypothetical inspection and the effects of such a scheme are identified. The statement does not include administrative and economic factors even though such considerations would undeniably have a significant effect if a real decision were to be made on the implementation of an inspection scheme.

3.1 Inspection content
The elements of a compulsory inspection pursuant to Article 14(1) include "the accessible parts of systems used for heating buildings, such as the heat generator, control system and circulation pump(s) …shall include an assessment of boiler efficiency and boiler size compared with the heating requirements of the building." The Directive does not specify how the inspection is to assess this.

The efficiency of boilers may be examined by measuring the waste gas temperature and sooting number. These parameters can show for example whether the boiler needs to be cleaned, the burner replaced or the jet adjusted. An assessment of the sizing of the boiler must be based on the heating requirements of the building. This means involving factors such as the size of the building, its use, insulation and the state of the windows. However, the assessment of the sizing can only take place after the boiler system has been installed which means that a recommendation for sizing will only be relevant in case of replacement of a boiler system with a new boiler system.
3.2 Interval

It is evident from Article 14(2) that Member States may set different inspection frequencies depending on the type and effective rated output of the heating system whilst taking into account the costs of the inspection of the heating system and the estimated energy cost savings that may result from the inspection. Heating systems with boilers of an effective rated output of more than 100 kW shall be inspected at least every two years; however, for gas boilers, this period may be extended to four years, cf. Article 14(3).

.

The Commission has announced that "regular" inspections means at least one inspection in the life of a boiler. If a hypothetical inspection scheme were to be implemented in Denmark, a scheme with as few compulsory inspections as possible would probably be chosen. Such a choice shall be seen in the light of the fact that voluntary servicing agreements are already widely used and that the energy efficiencies to be obtained from implementing a compulsory inspection scheme would be limited.
In general, new boilers have shorter lives than old boiler systems. For example, old cast-iron boilers have very long lives if they are properly maintained. In the following, an average life of 17 years will be the basis for all types of boiler systems, based on studies conducted in connection with ECO-design
.

As regards the determination of the interval for hypothetical inspections, the proportion of old boiler systems in the overall number of boilers will be disregarded in the following. This will lead to a shorter life on average than what must be expected for the number of boilers in reality. As a consequence of a shorter life being used in this report than can really be expected, the intervals between inspections will also be shorter than if the real lifetime had been applied.
In the following, the calculation basis is the first inspection for a boiler system sized 20-100 kW – irrespective of type of fuel – in its lifetime, which includes by far the majority of boilers in Denmark. For systems of more than 100 kW, inspections every two years form the basis, with the exception of natural gas-fired systems of more than 100 kW, where inspections every four years form the basis. As mentioned earlier, it is assumed that 5 % of the boilers are of more than 100 kW. This will result in 25 000 inspections a year, see section 3.4.
3.3 Compliance and willingness to undertake improvements
The calculation of the effects of a hypothetical inspection scheme must include considerations regarding the extent to which compliance with such a scheme could be expected and whether a recommendation for energy efficiencies would be implemented.

In some cases, the degree of compliance will depend on the quality of an inspection scheme and efficient enforcement. However, other factors may affect the degree of compliance such as the costs connected with an inspection. No studies have been conducted to establish the typical degree of compliance for similar Danish schemes. In the Danish Energy Agency's estimate, the degree of compliance will typically be approx. 90 % for this type of compulsory scheme. However, this factor will not be included in the statement of the effects of a compulsory inspection scheme due to the uncertainty connected with the statement.
Furthermore, the Danish market for oil-fired boiler services has widespread voluntary arrangements which to some extent ensure efficient operation of the boiler systems, see section 4.4 on voluntary servicing agreements. These widely used agreements mean that many owners of oil-fired or natural gas-fired boilers have already received the information that a hypothetical inspection scheme would have provided and therefore significantly reduce the effect of a hypothetical scheme.

3.4 Effects of a hypothetical inspection scheme

The purpose of boiler inspections is to increase the energy efficiency of the boilers, thereby reducing the consumption of fuels and the consumption of energy. The result of the boiler inspections should be that boiler owners implement some of the energy improvements proposed at the inspections. No studies exist which can be used directly to illustrate the effect of compulsory boiler inspections. However, there is a Danish study of another form of compulsory inspections which contains proposals for energy efficiencies that are voluntary, namely energy labelling of buildings.
 This study points out that the labelling reduces energy consumption by approx. 2 %. However, the effect may be a statistical coincidence, and the possibility that the energy labelling scheme has no effect on energy consumption cannot be ruled out. Energy consumption was measured for approx. 6 000 dwellings, some of which had been subject to energy labelling and others had not. The consumption was measured several times in the period from 1999 to 2002, making it possible to study the energy consumption before and after energy labelling of the labelled houses and compare the development in consumption with that of non-labelled houses. Moreover, the energy consumption figures have been checked for characteristics of the houses and their occupants.
As mentioned above, the energy labelling scheme and an inspection scheme for boilers have the same basic characteristics, namely compulsory inspections combined with voluntariness as regards the implementation of proposals. On the other hand, of course, there are differences between the schemes and it is therefore not certain that the effect of an energy labelling scheme can be directly transferred to a hypothetical boiler inspection scheme. Even so, this will the case below.
As mentioned above, the average effect on the total energy consumption of providing a house with energy labelling was that energy consumption fell by approx. 2 %.
The 2 % savings originate from many different kinds of energy efficiencies, and it is not known how many of these savings that concern boilers which can therefore be compared with measures relevant for a hypothetical inspection scheme. But it is known from data from the energy companies' efficiency obligations that nearly 30 % of the savings in households concern boilers. Therefore, it is assumed that a boiler inspection can reduce the energy consumption in a house by 30 % of 2 %, that is, 0.6 %. It should be mentioned that 30 % is probably a relatively high percentage, in particular since it also comprises conversions from oil to heat pumps or district heating, which is not necessarily the type of advice that would be the result of a boiler inspection. The primary purpose of the boiler inspection is just to check whether the boilers operate acceptably and not for example to advise on alternatives if the boiler actually works. For this reason, the effect of a hypothetical inspection is probably overrated.
Finally, it is assumed that the total number of relevant boilers is 720 000, see Table 2, that a boiler must be inspected every 17 years
, on average, and that 52.6 % of the boilers mentioned are of more than 20 kW. This means that 25 000 are inspected annually.
However, many of these boilers are already being inspected through voluntary arrangements. Under these arrangements, boiler owners will in all probability be given the same advice on efficiencies or replacement as under a hypothetical inspection scheme. For boilers subject to voluntary inspections, an effect of a hypothetical inspection scheme can therefore not be expected, and as voluntary inspections are already being conducted for an estimated two-thirds of all boilers, a hypothetical scheme would only work for a little more than 8 000 boilers annually. Even so, the effect of a hypothetical boiler inspection scheme has been calculated in two ways: with and without a reduction as a consequence of voluntary arrangements. Based on an energy consumption in a standard house of 17 MWh a year, the total annual energy efficiencies of a hypothetical inspection scheme will be 3 TJ per year if the effect of the market-based arrangements is taken into account. If these arrangements are disregarded, the effect is approx. 9 TJ per year. 
It should be noted that this is the effect for one year of the inspections in that year. The effects for the other measures below have been calculated in the same manner. As the effects continue in the buildings in the years to come, the effect of the inspections accumulates. The accumulated effects are shown in section 4.

4 Alternative measures
Firstly, it is the Danish Government's objective that oil-fired boilers must be phased out by 2030, and that all heating must be based on renewable energy by 2035
. Thus, the aim is to scrap many of the boilers that were to be inspected under a boiler inspection scheme.
The effects have been calculated for some of the measures. All calculated effects are very uncertain, but attempts have been made to substantiate them by using the basic characteristics of the measures as the basis, such as the number of house owners expected to use the scheme and the estimated extent of the energy efficiencies from the individual investments (typically assessed based on a standard house or a typical size of a specific investment). We have tried to assess how many of the investments that the measures concern would have been made without the measure (that is, the effect of the measure has been estimated). Typically, this estimate has been made based on studies of similar previous measures.

Only the part of the measures that is related to efficiencies in boilers or replacement of boilers has been included. For example, it has been estimated that a certain percentage of certain aid schemes concerns boilers. This provides the best basis for comparison of the calculated effects with the hypothetical inspection scheme.
4.1 Advice
4.1.1 The Danish Knowledge Centre for Energy Savings in Buildings (Videncenter for energibesparelser i bygninger)
Advice provided by the Danish Knowledge Centre for Energy Savings in Buildings targets tradesmen who are to implement the energy efficiency measures. The Knowledge Centre is responsible for collecting and communicating knowledge about actual and practical possibilities of reducing energy consumption in buildings, including potential efficiencies through replacement of boiler and heating systems. Among other things, the Knowledge Centre issues publications illustrating energy efficiencies through replacement of boilers, units and tanks.

The publications describe how and when different types of boilers should be replaced with an alternative or newer model. Among other things, the different publications on efficiency measures cover:

· Recommendations and advantages of replacing boilers, hot-water tanks and district heating units;

· Examples of energy efficiencies in connection with replacement of boilers, hot-water tanks and district heating units;

· Checklist for the installation of a new heating source with improvement suggestions for each point;
· Guide to choosing the heat supply in single-family and two-family houses when an old boiler is to be replaced;
· Guide to heat-emitting systems to ensure optimum interaction between boiler and radiators/floor heating;
· Product guides to choosing suitable boilers.
Besides focusing on potential energy efficiencies from improvement measures on existing installations, the Knowledge Centre has illustrated the advantages of converting to another heating source. The publications on this subject contain this, among other things:
· Recommendations for choice of heating source and overviews of their individual advantages;
· Examples of energy efficiencies from conversion of geothermal heating, gas heating, district heating or heat pump;
· Checklists for the installation of the different heating sources with improvement suggestions for each point;
· Description of the installation and maintenance of the various heating units.
The effects of these advisory activities on energy consumption have not been calculated.
4.1.2 Aid for phasing out oil-fired and natural gas-fired boilers
Pursuant to the Energy Agreement of 22 March 2012
, DKK 42 m (approx. EUR 5.6 m) was allocated for the conversion to heating based on renewable energy (in the period 2012-2015).

The Danish Electricity Saving Trust (Elsparefonden) and the "Go' Energi" labelling initiative provided independent advice to citizens from 1997 to 2012 on energy efficiencies in buildings, etc. As part of the implementation of the DKK 42 m allocation, an advisory unit will be established in June 2013 which is to provide advice by phone and the Internet to building owners wishing to convert from oil or natural gas to heating sources based on renewable energy. The unit is to provide advice on technical, financial and convenience-related matters in connection with the various alternatives to oil-fired and natural gas-fired boilers.
In addition to the provision of advice to house owners, the funds will be used for projects that examine possibilities of making the conversion of oil-fired and natural gas-fired boilers to heating sources based on renewable energy cheaper. The allocated funds will specifically be used to support demonstration projects and new forms of cooperation between local tradesmen.
The effects of the implementation of these allocated funds on energy consumption have not been calculated.

4.2 Financial incentives
A number of different financial incentives are described below. The nature of the measures varies greatly, but in the Danish Energy Agency's judgment, all these incentives have an impact on the efficiency of boilers or the phasing out of boilers.
4.2.1 Energy companies' efficiency contribution
The energy companies' efficiency contribution means that the grid and distribution companies within electricity, natural gas, district heating and oil shall contribute to realising verifiable energy efficiencies of a total of 10.7 PJ/year in 2013 and 2014. The energy companies decide themselves how to achieve these goals and in this connection, some of the companies offer financial support for the replacement of boilers. Until the equivalent obligation in the Energy Efficiency Directive enters into force, the Danish Energy Agency finds that the effects of this can be included in the calculation.
Effect

The energy companies have supported house owners in converting oil-fired and natural gas-fired boilers to heat pumps and district heating. The companies have reported the extent of this support, measured as annual energy efficiencies. Part of the efficiencies would have been implemented without the support from the energy companies, and it is assumed that 10 % of the efficiencies would not have been implemented without the support from the energy companies. This percentage is relatively low, but it is substantiated by a study of the effect of the scheme.

On this basis, total efficiencies are estimated to be 5 TJ per year. The efficiencies are calculated as the oil  (or natural gas) saved with deduction of 2.5 times the increased electricity consumption for heat pumps. A multiplication of 2.5 is used to calculate the consumption of fossil fuels necessary to produce electricity.

4.2.2 Tax changes
From 2013, the tax on electricity consumption for private customers with a consumption of more than 4 000 kWh/year has been reduced for the part of the electricity consumption exceeding 4 000 kWh, which results in a decrease in consumers' electricity price of an estimated 18 %
. Typically, building owners with heat pumps will benefit from this tax reduction, and the financial incentive to convert for instance oil-fired and natural gas-fired boilers to heat pumps is increased significantly, and tax changes are expected to promote this type of conversion.

In addition, the tax on oil and natural gas as well as district heating is increased through the certainty of supply tax as per 1 February 2013
. This increase will correspond to an estimated 8 % of the consumer price on oil. The tax increase will make it more attractive to implement boiler efficiencies.

Moreover, the tax increase will contribute to converting oil-fired and natural gas-fired boilers to heat pumps, but less so to district heating.

Effect
As mentioned above, the reduction of electricity tax means that the price of electricity falls by approx. 18 % for heat pump owners, whereas the increase in the certainty of supply tax means that the price of oil rises by approx. 8 %. Both changes will make it more attractive to invest in a heat pump rather than a new oil-fired boiler for owners who are about to replace an old oil-fired boiler.

However, the extent of the effect of these tax changes is not known. But, on the other hand, a study of a previous aid scheme shows that an aid amount of DKK 20 000 for the conversion of oil-fired boilers to heat pumps resulted in approx. 3 300 conversions in one year. Accordingly, the assessment of the effect of the tax changes has been based on the effect of the aid scheme. The aid scheme and the tax changes have been compared by calculating the size of the effect of aid and tax changes, respectively, on the gains over ten years of investing in a heat pump rather than a new oil-fired boiler. These gains have been calculated as the energy efficiency for the consumer in Danish kroner with deduction of the added cost of a heat pump as compared with an oil-fired boiler. Naturally, the aid scheme increases the gains by the exact sum of the aid amount, DKK 20 000, whereas tax changes increase the gains by DKK 32 000 over ten years. On this basis, tax changes can be estimated to result in 32/20*3 300 = 5 280 conversions per year. However, to make a conservative (low) calculation, an effect of 3 000 conversions per year is estimated.
This will lead to annual energy efficiencies of 60 TJ.

The efficiency has been calculated as the oil saved with deduction of the increased consumption of electricity for the heat pump, multiplied by 2.5. This multiplication is used in order to calculate the consumption of the fossil fuels necessary to produce electricity.
4.2.3 Dwelling-job scheme
This scheme
 provides a tax deduction of up to DKK 15 000 a year, including VAT, for the cost of labour in connection with services and maintenance of buildings. This way, building owners can save approx. DKK 5 000 in tax (EUR 670) for example by replacing an oil-fired boiler. This financial incentive encourages citizens to make improvements of their dwellings, including energy-saving improvements.

This scheme applied to work performed during the period 1 June 2011-31 December 2012. As a consequence of "Vækstplan DK"
 (Growth Plan DK), a majority of members of the Danish parliament have agreed to extend the scheme to both  2013 and 2014.

Effect

An annual aid amount of DKK 1.5 bn is expected to be paid.
The effect on the annual energy efficiencies from improvement or replacement of boilers as a result of the aid must be calculated. This requires estimates and assumptions in four steps:
· The size of the total subsidised investments is estimated.
Here, it is assumed that the total expenditure is four times as large as the aid amount.

· The share of these investments that are made as a result of the aid scheme is estimated.

Here, it is assumed that 30 % of the subsidised projects are carried out because of the aid scheme (and therefore that 70 % of the projects would have been carried out anyway).

· The share of subsidised projects concerning energy efficiencies in boilers must be estimated.

Here, it is assumed that 30 % of the subsidised projects concern boilers.

· The annual energy efficiencies resulting from the subsidised energy projects must be estimated.
It is assumed that the subsidised projects are close to being profitable from a personal finance perspective and that they have a payback time of 15 years.

On this basis, the total annual energy efficiencies can be calculated at 86 TJ.

4.3 Legal framework

4.3.1 Ban on the installation of oil-fired and natural gas-fired boilers in areas with public heating
As of 1 January 2013, the installation of oil-fired and natural gas-fired boilers in new buildings has been prohibited, and from 2016 the installation of oil-fired boilers in existing buildings in areas with district heating or natural gas will be prohibited, cf. Section 1(60) of Order No 1314 of 12 December 2012
. A very large part of heated buildings (see Figure 1) are located in areas with public heating, and oil-fired boilers will therefore be gradually phased out in these areas.

Effect

The effect on energy consumption is calculated for the ban on oil-fired boilers.

In 2012, more than 10 000 buildings were erected according to BBR (small buildings excluded). 169 of them, or 1.6 %, use oil-based heating.

For the period 2011- 2014 it is assumed that 10 000 buildings are erected annually, that 1.6 % of them would have used oil-based heating in the absence of the prohibition, and that these buildings will use heat pumps for heating. The resulting efficiency per building is estimated to be 1.5 MWh (when weighting the electricity consumption for the heat pump at 2.5). In total, the prohibition leads to a reduction of the energy consumption of just under 1 TJ per year.

4.3.2 Minimum requirements for boiler systems in the Danish Building Regulations
The requirements applying to the installation of boiler systems are set out in the Building Regulations, cf. Order No 810 of 28 June 2010, as amended
. Here, the minimum requirements for boiler system efficiency are laid down, cf. point 8.5.1.4. In Denmark there has been a tradition for extensive requirements for the level of efficiency in technical installations, which has applied since 1977.

Since 2010, the minimum requirements have been an efficiency in connection with CE marking of at least 93 % at full load and 98 % at partial load for oil-fired boiler systems
, an efficiency in connection with CE marking of at least 96 % at full load and 105 % at 30 % partial load for gas-fired boiler systems
, and boiler systems for coal, coke, biofuels and biomass must as a minimum comply with boiler class 3 of DS/EN 303-

5, Central heating boilers, as regards combustion quality, energy efficiency and safety.

Effect

The requirements of the Directive on efficiency requirements (92/42), which dates back to 1992, are rather loosely defined, corresponding approximately to an efficiency requirement of 84 % for a typical oil-fired or gas-fired boiler, that is, 14 % below the requirements in the Building Regulations of 98 % (which is the more relevant). However, it would be unrealistic to assume that a lot of oil-fired boilers would typically be installed in Denmark if there were no requirements in the Building Regulations. It is therefore assumed that boilers with an average efficiency of 96 % would be installed in the absence of the Building Regulation requirements.
The sale of gas-fired and oil-fired boilers is assumed to be 23 000 per year. Based on the energy consumption of a typical house with oil or gas heating, the total annual efficiencies are calculated at 28 TJ per year.

It should be noted that the latest revision of the Building Regulations concerning requirements for boilers was made in 2010, that is, before the EU requirements for an inspection scheme.

4.3.3 Boiler inspection scheme
In the period from 1 February 2011 until, expectedly, 1 June 2013, all owners of oil-fired boiler systems have been obliged to have annual energy measurements performed, cf. Order No 62 of 27 January 2011, see the details above in section 2.1. The scheme covers all oil-fired boiler systems, irrespective of size.
In addition to annual measurements of the energy efficiency of all boiler systems, the intention with the scheme was that only inefficient boiler systems were to undergo a thorough inspection where the boiler owner was given guidance on energy-efficient and cost-effective alternative solutions. The second step of the scheme with extensive inspections has, however, not been implemented as the scheme has not functioned as intended.
Energy measurements concern waste gas loss and sooting number. It is our assessment that this obligation covers parts of the obligation in Article 14 of the Directive, namely as regards the efficiency of the boiler systems in the period 30 June 2011-1 July 2013. Thus, for oil-fired boiler systems, the basis is that Denmark's obligation to implement alternative measures providing the same effect as a hypothetical inspection scheme would have done only concerns the obligation to make an assessment of the sizing of the boiler system as compared with the heating requirements of the building.
4.4 Voluntary servicing arrangements
The Danish Energy Industry Association (Dansk Energi Brancheforening) has estimated that approx. 2/3 of all oil-fired boiler systems are covered by voluntary servicing contracts where the interval for servicing checks is usually one year. The purpose of the voluntary servicing arrangements is to ensure efficient operation of oil-fired boilers. Servicing checks of oil-fired boiler systems focus on the burner and the need for boiler cleaning. Thus, the servicing check is to ensure that the boiler systems operates as efficiently as possible.
The same applies to natural gas-fired boilers: two-thirds are covered by a servicing contract. These contracts vary as regards their extent and will have intervals of 1-3 years; however, the majority of these contracts include a check every two years. In connection with such a check, it is checked that the system operates properly. The boiler, automatic control, pump, exhaust and hot-water tank are all inspected. According to the Danish Energy Industry Association's assessment, the servicing employee also informs the owner if the boiler is so old that it would be cost-effective to replace the boiler system.

In the Danish Energy Agency's judgment, the great support for the voluntary servicing arrangements is one of the major reasons why the boiler inspection scheme has failed. Owners of boiler systems will to a wide extent be informed of the efficiency level of their boiler system as a result of the voluntary servicing arrangements. The purpose in Article 14 of ensuring information on an efficient boiler system is thus partly fulfilled by these voluntary contracts with the servicing industry. Therefore, the voluntary arrangements do not, in the same way as the other measures, constitute an alternative to the hypothetical inspection scheme, but are rather a measure that reduces the effect of the hypothetical scheme.

4.5 Overall effects of alternative measures
Table 5 summarises the effects of the hypothetical inspection scheme and alternative measures. As mentioned above, the calculated effects are very uncertain. It has been endeavoured to make the assessment of the effect of a hypothetical inspection scheme relatively high, whereas the assessment of the effects of alternative measures has been relatively conservative (low). 
The alternative measures do not exclusively concern the type of initiatives that might be the result of a boiler inspection. Therefore, the size of the effect on efficiencies or replacement of boilers has been estimated for these arrangements.

Table 5. Effects of a hypothetical boiler inspection and alternative measures, TJ per year for the first year of an initiative
	Scheme
	TJ

	Hypothetical boiler inspection scheme     without voluntary arrangements

                                                                   with voluntary arrangements
	9

3

	Alternative measures                                 Energy companies’ compulsory efficiencies

                                                                    Dwelling-job scheme

                                                                    Changed electricity tax and security of supply tax

                                                                    Prohibition against oil-fired boilers in public areas

                                                                    Requirements for boilers
	5

86

60

1

28

	In total
	181


As mentioned above, Table 5 shows the effects of initiatives for one year where the initiative has been implemented. For example, the hypothetical boiler inspection scheme implemented in 2012 will result in an energy reduction of 3-4 TJ in 2012, but also in 2012 and 2014 because the energy improvements have long lives. Throughout the period where the inspections were to apply (that is, from mid-2011 to mid-2014), the boiler inspection scheme would have resulted in an energy reduction of 6 times the annual output (6 times 3-4 TJ)
. Some of the alternative measures cannot be included for the entire period from mid-2011 to mid-2014. Table 6 shows the effect of the measures in the entire period.
Table 6. Effect of a hypothetical boiler inspection and alternative measures, TJ accumulated over the three-year period from mid-2011 to mid-2014.
	Scheme
	Weight1
	TJ

	Hypothetical boiler inspection scheme   without voluntary arrangements

                                                                 with voluntary arrangements
	6

6
	56

19

	Alternative measures                              Energy companies’ compulsory efficiencies

                                                                 Dwelling-job scheme

                                                                 Changed electricity and security of supply tax2
                                                                 Prohibition against oil-fired boilers in public areas2
                                                                 Requirements for boilers
	6

6

2

2

6
	30

518

1200

2
169

	In total
	
	839


1Weight reflects the degree to which the measures can be included for the entire period from mid-2011 to mid-2014, see the text above.

2 This initiative applies as from the beginning of 2013, that is, for the last half of the period. This means that the annual efficiency (see Table 5) is to be weighted with the factor 2. 
5 Conclusion

On the basis of the above examination of the effects of the alternative measures, it is the Danish Energy Agency's judgment that larger energy efficiencies can be obtained in the Danish boiler systems through implementing alternative measures than through implementing a compulsory inspection scheme. The effects of an inspection scheme and the alternative measures, respectively, have been calculated with some uncertainty due to the nature of the measures. Despite this uncertainty in the calculation, it is evident that the boiler inspection scheme will not have nearly the same effect as the alternative measures can be expected to have.
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