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1  Introduction 


The present technology catalogue is published in co-operation between the Danish Energy Agency and 
 Energinet.dk and includes technology descriptions for a number of technologies for individual heat pro-
 duction and energy transport. 


The primary objective of the technology catalogue is to establish a uniform, commonly accepted and up-
 to-date basis for the work with energy planning and the development of the energy sector, including fu-
 ture outlooks, scenario analyses and technical/economic analyses. 


The technology catalogue is thus a valuable tool in connection with energy planning and assessment of 
 climate projects and for evaluating the development opportunities for the energy sector's many tech-
 nologies, which can be used for the preparation of different support programmes for energy research and 
 development. 


The publicationof the technology catalogue should also be viewed in the light of renewed focus on 
 strategic energy planning in municipalities etc. In that respect, the technology catalogue is considered to 
 be an important tool for the municipalities in their planning efforts. 


The technology catalogue is in English so that it can be used also in a Nordic and international perspec-
 tive. 


The technology catalogue has been prepared by COWI, TI and DGC in the period October 2011 to 
 March 2012. 


In addition to this technology catalogue, the Danish Energy Agency and Energinet.dk also publish a 
 technology catalogue for larger (decentralised and central) electricity and heat generating technologies 


"Technology Data for Energy Plants. Generation of Electricity and District Heating, Energy Storage and 
Energy Carrier Generation and Conversion". 
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2  Introduktion på dansk 


Dette teknologikatalog er udgivet i et samarbejde mellem Energistyrelsen og Energinet.dk og indeholder 
 teknologibeskrivelser for en række teknologier til brug for individuel opvarmning samt energitransport. 


Et hovedformål med teknologikataloget er at sikre et ensartet, alment accepteret og aktuelt grundlag for 
 arbejdet med energiplanlægning samt udvikling af energisektoren, herunder fremskrivninger, scenarie-
 analyser og tekniske/økonomiske analyser. 


Teknologikataloget er således tænkt som nyttigt redskab i forbindelse med energiplanlægning og vurde-
 ring af klimaprojekter samt til at vurdere udviklingsmulighederne for energisektorens mange teknologier 
 til brug for tilrettelæggelsen af støtteprogrammer inden for energiforskning og -udvikling. 


Udarbejdelsen af teknologikataloget skal også ses i lyset af, at der er kommet fokus på den strategiske 
 energiplanlægning i kommuner m.m. Teknologikataloget vurderes i den forbindelse at kunne udgøre et 
 vigtigt værktøj for kommunerne i deres planlægningsindsats. 


Teknologikataloget er udarbejdet på engelsk og vil dermed også kunne anvendes i såvel nordisk som 
 international sammenhæng. 


Teknologikataloget er udarbejdet af COWI, TI og DGC i perioden oktober 2011 til marts 2012. 


Foruden dette teknologikatalog udgiver Energistyrelsen og Energinet.dk også et teknologikatalog for 
 større (centrale og decentrale) el- og varmeproduktionsteknologier "Technology Data for Energy Plants. 


Generation of Electricity and District Heating, Energy Storage and Energy Carrier Generation and Con-
version". 
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3  Guidelines and manual 



3.1  Introduction 


This chapter serves to assist readers in understanding and assessing the presented information. 


Each technology is described by a separate technology sheet following the same overall format as ex-
 plained below. 



3.2  Qualitative description 


One to three pages give the key characteristics of the technology. Typical paragraphs are: 


Brief technology description 


Brief description on how the technology works and for which purpose. 


Input 


The main raw materials, primarily fuels, consumed by the technology. 


Output 


The forms of generated energy, i.e. electricity, heat, bio-ethanol etc. 


Typical capacities 


The stated capacities are for a single unit or, in case of e.g. solar heating, for a typical system size. 


Regulation ability 


Description of how the unit can regulate, e.g. a gas boiler is very flexible whereas a solar heating system 
 depends on the solar radiation.  


Advantages/disadvantages 


Specific advantages and disadvantages relative to equivalent technologies. Generic advantages are ig-
 nored; e.g. renewable energy technologies mitigate climate risk and enhance security of supply. 


Environment 


Particular environmental characteristics are mentioned, e.g. special emissions or the main ecological 
 footprints. 


The ecological footprints cannot be used to compare technologies. For example, photovoltaic cells have 
 few and small footprints, one of the major ones being radioactive waste. However, this does not mean 
 that there is more radioactive waste from solar electricity than coal-fired electricity. It only means that 
 radioactive waste is one footprint from photovoltaic cells which is more important than other footprints 
 from the same technology. 


The energy payback time or energy self-depreciation time may also be mentioned. This is the time re-
quired by the technology for the production of energy equal to the amount of energy that was consumed 
during the production of the technology. 



(7)Research and development 


This is a very brief listing of the most important current challenges, often from a Danish perspective. 


Examples of best available technology 


A brief mentioning of recent technological innovations in full-scale commercial operation. 


Additional remarks 
 References. 



3.3  Quantitative description 


To enable comparative analyses between different technologies, it is imperative that data are actually 
 comparable. As an example, economic data must be stated at the same price level. Also, it is important 
 to compare technologies at equal footing, e.g. either gross generation capacity or net capacity (gross mi-
 nus own consumption). 


It is essential that data are given for the same years. Year 2015 is the base for the present status of the 
 technologies (best available technology commissioned in 2015), whereas data for expectations to future 
 developments are given for the years 2020, 2030 and 2050. 


Below is shown a typical data sheet, containing all parameters used to describe the specific technolo-
gies. For several technologies and in particular the technologies regarding energy transport, the data 
sheets have been adjusted to suit the specific characteristics. 



(8)Table 3.1  Typical datasheet for individual heat production technologies 


Technology  Name of technology 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW) 


Expected share of space heating demand covered by 
 unit (%) 


Expected share of hot tap water demand covered by 
 unit (%) 


Total efficiency, annual average, net (%) 
 Technical lifetime (years) 


Environment 
 SO2 (g per GJ fuel) 
 NOX (g per GJ fuel) 
 CH4 (g per GJ fuel) 
 N2O (g per GJ fuel) 
 Particles (g per GJ fuel) 
 Financial data 


Specific investment (1000€/kW) 
 Specific investment (1000€/unit) 
 - hereof equipment (%) 


- hereof installation (%)  


Possible additional specific investment  (1000€/unit) 
 Fixed O&M (€/kW/year) 


Variable O&M (€/GJ) 


References: 


1 
 2 
 Notes: 


A 


All data in the data sheets are referenced by a number in the utmost right column (Ref), referring to 
source specifics below the table. 



(9)Please be aware, before using the data, that essential information may be found in the notes below the 
 table. 


3.3.1  Energy/technical data 


Heat production capacity for one unit 


The stated capacities are for a single unit or, in case of solar heating, for a typical system size. 


The capacity is given as net generation capacity in continuous operation, i.e. gross capacity minus own 
 consumption (if any). 


In general, the unit kW is used for both heat capacity, electric capacity (e.g. consumption in heat pumps) 
 and fuel capacity. 


Energy efficiencies 


The total fuel efficiency for heat production technologies equals the net delivery of heat divided by the 
 fuel consumption. The efficiency is stated in per cent at ambient conditions; air 15 °C and water 10 °C. 


For heat pumps, a fuel efficiency of e.g. 300 % represents a COP of 3. 


If nothing else is stated in the technology description, the fuel efficiency reflects the total fuel efficiency 
 covering both space heating and hot tap water. 


The efficiencies reflect annual average efficiencies as experienced by the consumer, assuming that the 
 heat installations are installed correctly. The boundary of annual efficiency is shown in the figure below. 


Figure 3.1  Boundary for annual efficiency 


Output:Heat fordomestichot water


Heat 
 generator


Storage
 tank


Pumps for 
 distribution and 


domestic hot 
 water
 production


Output:Heat forspaceheating


Boundary for 
 annual efficiency


Input:Fuelsorelectricityfor heat generation


Input: Auxilliary electricity for heat generation: control, burner, etc.


Shower
 Taps


Heat emitters


Output:Electricity


To the grid



(10)For energy transport technologies, the network loss is stated instead of the fuel efficiency. 


3.3.2  Environment 


CO2 values are not stated, as these only depend on fuel, not on the technology. 


SOx: grams per GJ fuel input. 


NOx: grams per GJ fuel input. NOx equals NO2 + NO, where NO is converted to NO2 in weight-
 equivalents. 


Greenhouse gases: CH4 and N2O in grams per GJ fuel input. 


The emissions of CH4 and N2O can be converted to CO2-equivalents by multiplying the CH4 emission 
 by 21 and the N2O emission by 310. 


Aspects related to the technologies' possible use of rare minerals/metals (when manufactured) as well as 
 the overall environmental footprint of the technologies have not been included in detail in the technol-
 ogy descriptions. 


3.3.3  Financial data 


Financial data are all in Euro (€) and in fixed 2011 prices. 


Several data originate in Danish references. For those data, a fixed exchange rate of 7.42 DKK per € has 
 been used. 


For conversion of prices from one year to another, the general inflation rate as published by the Danish 
 Energy Agency is used1. 


Investment costs 


The investment costs include the total costs for the consumer of establishing the technology. Where pos-
 sible, the investment cost has been divided (in percentage) on equipment cost and installation cost. 


Where relevant, also a line with possible additional specific investment costs have been included. This 
 is for instance relevant in connection with fluid-to-water heat pumps in city areas where it is necessary 
 to establish vertical tubes (by use of drilling holes) instead of horizontal tubes. 


The investment costs reflect consumer prices, e.g. the price for a household of establishing a new gas 
 boiler. The prices are excluding VAT, subsidies and taxes. 


An overall assumption in the catalogue is that the technologies described are of a "reasonable quality". 


The cheapest and non-serious boilers and heat pumps that also exist on the market are not included. 


Regarding the forecast of investment costs, it has been assumed that mature technologies without an ex-
 pected technology leap have the same investment cost during the period. This is based on an assumption 
        


1 Forudsætninger for samfundsøkonomiske analyser på energiområdet. Energistyrelsen. April 2011. / Assumptions for 
socio-economic analyses within the energy area. The Danish Energy Agency. April 2011 



(11)that costs of materials (e.g. steel prices) are also the same during the period (in fixed prices). If the costs 
 of materials develop in one or another direction, it will most likely influence the technology costs. 


Operation and maintenance (O&M) costs  


The fixed share of O&M (€/kW/year) includes all costs that are independent of how the unit is operated, 
 e.g. administration, operational staff, property tax, insurance, and payments for O&M service agree-
 ments. Re-investments within the stated lifetime are also included.  


The variable O&M costs (€/GJ heat production) include consumption of auxiliary materials (water, lu-
 bricants, fuel additives), spare parts, and repairs (however not costs covered by guarantees and insur-
 ance). 


If it is not possible to differ between fixed and variable costs, the total O&M cost is stated instead. 


Fuel costs are not included in the O&M costs. Furthermore, electricity consumption for heat pumps and 
 for electric heating is not included.  


It should be taken into account that O&M costs often develop over time. The stated O&M costs are 
therefore average costs during the entire lifetime of the technology.  
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4  Definitions 



4.1  Building types and heat demand 


Some of the individual technologies are described for different unit sizes and/or for existing and new 
 buildings, respectively. This is shown in the table below: 


Table 4.1  Technology descriptions - relevant combinations technology and building 


   Existing buildings  New buildings 


One-family 
 houses 


Apartment 
 complex 


One-family 
 houses 


Apartment 
 complex 


Oil boiler (including bio oil)  X  X  X 


(bio oil) 


X 
 (bio oil) 


Gas boiler  X  X  X  X 


District heating substation  X  X  X  X 


Biomass boiler,  
 automatic stoking 


X  X  X  X 


Biomass boiler,  
 manual stoking 


X  X 


Wood stove  X  X 


Electric heat pump,  
 air to air 


X  X 


Electric heat pump,  
 air to water 


X  X  X  X 


Electric heat pump,  
 brine to water 


X  X  X  X 


Electric ventilation heat pump  X  X 


Solar heating system  X  X  X  X 


Electric heating  X  X 


Micro CHP -  
 natural gas fuel cell 


X  X 


Micro CHP - hydrogen fuel cell  X  X 


Micro/Mini CHP - Stirling engine  X  (X)2 X  X 


Micro/Mini CHP -  
 Gas engine 


X  X  X  X 


       


2 The highest heat capacity among the commercial products on the market is 15 kW. Even though it is possible to install 
several units, a Stirling engine is mainly found relevant for one family houses and for new apartment complexes with a 
relatively low heat demand (where the number of units can be limited). 



(13)As year 2015 is the base for the present status of the technologies, new buildings are considered to com-
 ply with the building code expected in 2015. 


•  An existing one-family house is defined to have an annual heat demand of 16.8 MWh and a peak 
 demand of 7 kW. 


•  A new one-family house is defined to have an annual heat demand of 6.0 MWh3 and a peak de-
 mand of 3 kW 


•  An existing housing block is defined to have an annual heat demand of 120 to 1,800 MWh and a 
 peak demand of 50 to 750 kW. 


•  A new housing block is defined to have an annual heat demand of 40 to 600 MWh and a peak de-
 mand of 20 to 300 kW. 


The size of buildings, the annual heat consumption and the peak-load demand is shown in the table be-
 low. New one-family houses are expected to have an average size of 150 m2 (including terraced houses), 
 whereas the average size of existing one-family houses is around 140 m2. 


Table 4.2  Annual heat consumption and peak load "an radiator" 


One-family house - 
 existing building 


Apartment complex 
 - existing building 


One-family house - 
 new building 


Apartment complex 
 - new building 


Size, m2 140  1,000 - 15,000  150  1,000 - 15,000 


Annual heat con-
 sumption, MWh 


16.8  120 - 1,800  6.0  40 - 600 


Peak load, kW  7  50 - 750  3  20 - 300 


The heat demands are based on a demand in existing buildings of 120 kWh/m2 (hereof 25 kWh/m2 for 
 hot tap water including losses) and a heat demand in new buildings of 40 kWh/m2 (hereof 20 kWh/m2
 for hot tap water including losses). The reason why the heat demand for hot tap water in new buildings 
 is lower than in existing buildings is an expectation of more technical insulation etc. in new buildings. It 
 can be seen from the figures that the hot tap water makes up app. 18 % of the total heat demand in exist-
 ing buildings and 50 % of the total heat demand in new buildings. 


The estimated peak loads are based on a peak load of 50 W/m2 in existing buildings and 20 W/m2 in 
 new buildings. 


By dimensioning heat production technologies, the capacity should be higher than the estimated peak 
 load in the table above. For instance, oil and gas boilers should have a capacity of at least 10 kW for 
 one-family houses to make sure that they can produce hot tap water fast enough - also depending on the 


       


3 It should be noted that practical experiences have shown that new buildings - even though they have been designed 
according to the building code 2015 - can also have a higher heat demand. 



(14)size of the hot-water tank. For heat pumps which often have a larger hot-water tank, a smaller installed 
 capacity than for oil and gas boilers may be sufficient. 


The figures in the table above can be used for some rough estimates of the annual heat consumption and 
 peak demand. However, in each specific project, the annual heat consumption and peak demand should 
 be estimated more precisely, depending on the specific types of buildings and sizes. 



4.2  Technologies and scope of investment 


The catalogue is intended to work as a tool for energy planners including municipalities in their assess-
 ment, comparison and identification of future energy solutions for heat production in households etc. 


Hence, it is important to stress that the specific technical and economic data for each technology pre-
 sented in the catalogue are not in all cases directly comparable, as data/figures cover different aspects of 
 the energy supply of a building and the needed investment costs, respectively. 


The table below includes the technologies, the scope of the technology definition used within the cata-
logue and direct and accompanying investment costs. The aim is to outline the different elements that 
have to be taken into consideration when using the catalogue data for a fair comparison of technologies
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(16)As can be seen from the table, there are several elements related to the installation of a particular new 
 heating technology in a building that are not directly reflected in the investment cost and descriptions of 
 the different technologies following this chapter.  


The following table shows some of the general costs of needed accompanying investment cost, which 
 potentially could be added when comparing the different technology solutions. 


Table 4.4  Cost of accompanying investments 


Accompanying element  Costs (EUR 2011) 


Dismantling of existing boiler  Single family houses: 


Wall hung natural gas fired boiler: 2,000 DKK ex. VAT  270 EUR 
 Floor standing oil fired boiler: 3,000 DKK ex. VAT  400 EUR 
 Removal of oil tank  Single family houses: 


1,200 liter tank (standing tank) including removal of old 
 oil: 4,000 DKK ex. VAT 


540 EUR 
 Underground tank, removal of old oil, sealing of con-


nections (no removal): 4,000 DKK ex. VAT 


540 EUR 
 Building envelope improve-


ments 


Costs depend on the building standard etc. More information and tools to estimate 
 costs can be found at e.g. www.byggeriogenergi.dk (The Danish Knowledge Centre 
 for Energy Savings in Buildings).  


Water based heat supply sys-
 tem in building 


Existing single family house (140 m2): 


Radiator system: 50,000 DKK ex. VAT  6,700 EUR 


New single family house (150 m2): 


Radiator system: 45,000 DKK ex. VAT  6,000 EUR 


Floor heating (in concrete slap): 35,000 DKK ex. VAT  4,700 EUR 
 Floor heating (with diffusion plates): 45,000 DKK ex. 


VAT 


6,000 EUR 
 All prices include manifolds, piping, insulation, heat emitters/surfaces, thermostats 
 and man hours. 


Additional radiator surface  2.2 DKK ex. VAT pr Watt (standard radiators, 300-
 1,000 Watt) 


Radiators installed including thermostats: 


Existing single family house (140 m2): 5,000 DKK ex. 


VAT 


670 EUR 
 New single family house (150 m2): 4,000 DKK ex. VAT  540 EUR 
 Oil tank  1,200 liter standing tank including installations: 8,000 


DKK ex. VAT 


1,100 EUR 


Flue  Single family houses: 


5 meter stainless steel flue including fittings: 7,000 DKK 
 ex. VAT 


940 EUR 
 5 meter vertical flue, balanced coaxial split installed in 


existing chimney: 4,000 DKK ex. VAT 


540 EUR 
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5  Technology sheets 



5.1  Oil-fired boiler 


Brief technology description 


Oil-fired boilers are made for hot water and steam production. In the following, only hot water boilers 
 are considered. The boilers are made in a power range from 15 kW to several MW. The oil qualities 
 considered are: 


1  Domestic mineral fuel oil. 


2  Domestic oil with added bio-oil up to 10 % (fatty acid methyl ester, FAME). 


3  Raw bio oil, e.g. rapeseed oil. 


The complete oil-fired system includes a boiler, a burner, an oil tank and a chimney or an exhaust sys-
 tem. In the case of a condensing boiler, a floor drain for the condensate should be available. 


Figure 5.1  A typical installation of a condensing oil-fired boiler in a single-family house 


The burner technology is atomisation by a high-pressure oil nozzle for minor boilers. For very large 
boilers, other technologies are available, for instance atomisation by a rotating cup. Some advanced re-
cently developed small boilers are also using some rotating cup technology, which allows for modulat-
ing burner control. The burners may be yellow flame burners giving a small emission of soot or blue 
flame burners without soot emission but with a tendency to emit CO instead of soot. For the different 
fuels, the burner technologies are somewhat different - e.g. some fuels require preheating of the oil. 



(18)The boilers for all oil types are of almost similar design: a water-cooled combustion chamber and an 
 integrated convection part. The materials are steel, cast iron or stainless steel. Modern boilers can be 
 delivered with a corrosion resistant flue gas cooler that allows for condensation of the water vapour in 
 the flue gas. 


Small domestic boilers (15-100 kW) 


The small boilers are used for domestic heating. The 15 kW boiler heats up to 200-300 m2 of building 
 area under Danish climate conditions. Very often, the boilers are built with an integrated hot water sys-
 tem, normally a tank of 80-150 l for the domestic tap water.  


Larger boilers (100 kW - 1 MW) 


These boilers are used in blocks of flats, institutions etc. and are constructed in steel or cast iron. If the 
 connected heating system can deliver return temperatures below 45 °C, a condensing flue gas cooler 
 will often be added. Units with integrated condensing flue gas cooler are also available. The efficiency 
 is given by the flue gas temperature - in best cases only few degrees higher than the return temperature. 


In large boilers, the heat loss from the boiler can be reduced to only a fraction of a percent. 


In the range of 250,000 oil-fired boilers are installed in Denmark, the largest part in single-family 
 houses in areas where natural gas or district heating are not available. 


Oil-fired boilers can have efficiency in the range of 100 %, if the return temperature from the heating 
 system is sufficiently low, say lower than 48 °C, ref. 1, 2 and 3. 


Input 


Domestic fuel oil is more or less the same as diesel. Bio oil (FAME) can be added up to approximately 
 10 % without severe problems. Today, there are burners for pure bio oil on the market, operating with 
 acceptable levels of problems, even if some enthusiasm may be needed though. The reliability and the 
 maintenance (regular cleaning of the burner as an example) are not to be compared with burning of min-
 eral oil ref. 10. Some research and development are needed in case pure liquid bio fuels shall be used 
 widespread. The problems mostly concern practical issues with components (rubber gaskets), storage, 
 sensibility to ambient temperature variations, preheating of oil, electricity consumption of the burner 
 etc. These are all problems that most probably can be solved. 


For large plants - in MW size - burning of bio oil gives no problems. For domestic use, some problems 
 still remain. 


Output 


Heat for central heating and for domestic hot water. 


Typical capacities 


The heat output range from 15 kW to 1 MW. 


Regulation ability 


The ability to reduce the heat output is excellent for most modern boilers. It should be emphasised that a 
boiler with a nominal heat output of 15 kW is able to operate at much lower heat output, many types 
down to almost zero heat output with a very high efficiency. The reason for this is that the heat loss 
from the boiler can be reduced by insulation and by low-temperature operation. 



(19)Advantages/disadvantages 


The oil-fired boiler is simple reliable technology, operating with a high thermal efficiency.  The need for 
 service is limited to once per year as stated in the regulations. In fact, one per two years will be suffi-
 cient for many installations. 


Environment 


A boiler fired with modern domestic fuel oil with very low content of sulphur and nitrogen will - except 
 from the CO2 - gives very little pollution, almost corresponding to the pollution from natural gas. The 
 pollution components are 


•  Unburnt hydrocarbon (only traces) 


•  CO (less than 100 ppm in the flue) 


•  NOX (less than 110 mg/kWh ~ 30 g/GJ) 


•  Soot (Soot number 0 – 1), see Ref. 9. 


In Denmark, the oil-fired boilers have to be inspected once a year for flue gas loss, soot and CO (for 
 blue flame burners) 


In Denmark, boilers with an input energy larger than 100 kW must fulfil "Luftvejledningen", Ref. 7, 
 which includes "OML" calculation of imissions (The pollution concentration in the landscape around 
 the plant). 


Research and development 


The R&D in 60 years in combustion of mineral oil has resulted in very efficient, cheap and simple tech-
 nology. Burner/boiler combinations with very small emissions and efficiency close to the thermody-
 namic limits are common standard on the market. Better burner/boiler combinations for the more diffi-
 cult bio fuels can be developed. 


Examples of best available technology 


The best modern boilers operates with efficiency in the range of 100 % (lower calorific value), depend-
 ent on the heating system to which the boiler is connected. At the same time, the boiler/burner can be 
 chosen with very low emissions of pollution. Combined heat and power units with a diesel engine and a 
 flue gas cooler are on the market. That type of system needs to be cheaper and possibly also some prob-
 lems with soot and NOx. New types of bio oils are coming up, e.g., hydrotreated vegetable oil (HVO), 
 cf. ref. 12. This type of oil can be produced in a quality very close to domestic mineral fuel oil. They 
 are, however, not available on the Danish market yet. 


Additional remarks 


- 


References 


1  Study "Eco-design of Boilers and Combi-boilers http://www.ecoboiler.org/ . 2006-2007 by Van 
Holsteijn en Kemna (VHK) for the European Commission, DG Transport and Energy (DG TREN).  



(20)2  RECENT PROGRESS (AND APPLICATION) ACHIEVED IN THE WAY TO ESTIMATE 
 REAL PERFORMANCES OF DOMESTIC BOILERS ONCE INSTALLED Jean Schweitzer, 
 Christian Holm Christiansen Danish Gas Technology Centre, Denmark Martin Koot Gastec, Hol-
 land Otto Paulsen DTI, Denmark. SAVE Workshop Utrecht 2000. 


3  BOILSIM http://www.boilsim.com/. 


4  Sparolie.dk with a list of high efficiency oil-fired boilers and with a list of the status for existing 
 oilfired boilers. 


5  Bekendtgørelse om kontrol, rensning og justering af oliefyrsanlæg. BEK nr 785 af 21/08/2000 
 (Gældende). Lovgivning som forskriften vedrører: LOV Nr. 485 af 12/06/1996. 


6  http://www.blauer-engel.de/_downloads/publikationen/erfolgsbilanz/ Erfolgsbi-
 lanz_Heiztechnologien.pdf (Rules for NOX). 


7  Luftvejledningen fra Miljøstyrelsen. http://www2.mst.dk/udgiv/publikationer/2001/87-7944-625-
 6/pdf/87-7944-625-6.pdf. 


8  Rapsolie til opvarmning,Teknik, økonomi og miljø. Videncentret for biomasse 2001. 


9  Miljøstyrelsens vejledning  nummer 3 1976. Gives a correspondence between soot number and soot 
 concentration. 


10  Jørn Bødker & Torben Hansen Technological Institute: Personal communication. Torben Hansen 
 runs OR, an organization for installers. Jørn Bødker has for the “Energistyrelsen” investigated bio 
 fuel. 


11  Paulsen, O.:Calculation of electricity consumption of small oil and gasfired boilers – based on 
 Laboratory test data. Annex F in Schweitzer, Jean: SAVE report 2005: 


http://www.boilerinfo.org/infosystem_el/webelproject/wp_reports/WP1.pdf. 


12  http://www.biofuelstp.eu/downloads/SAE_Study_Hydrotreated_Veget 
able_Oil_HVO_as_a_Renewable_Diesel_Fuel.pdf. 



(21)Data sheets: 


Table 5.1  Oil burner - one-family house, existing building 
 Technology 


Oil burner (mineral oil fired, <10 % FAME) 
 One-family house, existing building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  15-30  15-30  15-30  15-30  A 
 Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  100  100  100  100  1, 2, 3, 


4 


Technical lifetime (years)  20  20  20  20  4 


Environment 


SO2 (g per GJ fuel)  0.5  0.5  0.5  0.5  B, E 


NOX (g per GJ fuel)  30  30  30  30  C 


CH4 (g per GJ fuel)  0  0  0  0 


N2O (g per GJ fuel)  0  0  0  0 


Particles (g per GJ fuel)  0.03  0.03  0.03  0.03  D  5, 6 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit)  6.6  6.6  6.6  6.6  F 


- hereof equipment (%)  70  70  70  70 


- hereof installation (%)   30  30  30  30 


Possible additional specific investment  (1000€/unit) 


Fixed O&M (€/year)  270  270  270  270  F 


Variable O&M (€/GJ) 


References: 


1  Study "Eco-design of Boilers and Combi-boilers http://www.ecoboiler.org/ . 2006-2007 by Van 
 Holsteijn en Kemna (VHK) for the European Commission, DG Transport and Energy (DG TREN). 


2  RECENT PROGRESS (AND APPLICATION) ACHIEVED IN THE WAY TO ESTIMATE 
REAL PERFORMANCES OF DOMESTIC BOILERS ONCE INSTALLED Jean Schweitzer, 
Christian Holm Christiansen Danish Gas Technology Centre, Denmark Martin Koot Gastec, Hol-
land Otto Paulsen DTI, Denmark. SAVE Workshop Utrecht 2000. 



(22)3  BOILSIM 


4  Sparolie.dk with a list of high efficiency oil-fired boilers and with a list of the status for existing 
 oilfired boilers. 


5  Bekendtgørelse om kontrol, rensning og justering af oliefyrsanlæg. BEK nr 785 af 21/08/2000 
 (Gældende). Lovgivning som forskriften vedrører: LOV Nr. 485 af 12/06/1996. 


6  http://www.blauer-engel.de/_downloads/publikationen/erfolgsbilanz/ Erfolgsbi-
 lanz_Heiztechnologien.pdf (Rules for NOX). 


7  Luftvejledningen fra Miljøstyrelsen. http://www2.mst.dk/udgiv/publikationer/2001/87-7944-625-
 6/pdf/87-7944-625-6.pdf. 


8  Rapsolie til opvarmning,Teknik, økonomi og miljø. Videncentret for biomasse 2001. 


9  Miljøstyrelsens vejledning  nummer 3 1976. Gives a correspondence between soot number and soot 
 concentration. 


10  Jørn Bødker & Torben Hansen Technological Institute: Personly communication. Torben Hansen 
 runs OR, an organization for installers. Jørn Bødker has for the “Energistyrelsen” investigated bio 
 fuel. 


11  Paulsen, O.:Calculation of electricity consumption of small oil and gasfired boilers – based on 
 Laboratory test data. Annex F in Schweitzer, Jean: SAVE report 2005: 


http://www.boilerinfo.org/infosystem_el/webelproject/wp_reports/WP1.pdf. 


12  http://www.biofuelstp.eu/downloads/SAE_Study_Hydrotreated_Veget 
 able_Oil_HVO_as_a_Renewable_Diesel_Fuel.pdf. 


Notes: 


A  The minimum heat output for a pressure atomisation burner is in the range of 15 kW. 


B  10 ppm sulphur in oil. Domestic fuel oil can be desulphoried to lower than 10 ppm sulphur. 


C  The last limit for NOx for Blaue Engel were 110 mg/kWh. The value is based on this. In Practise 
 the value can be lower. 


D  Based on Soot number 0 - 1, which is the average value in DK. 


E  Data for Sulphur content can be found at the homepages for the oil companies. 


F  Installation prices given by Weishaupt, Denmark. 


G  Non-condensing boiler assumed above 400 kW. If condensing boiler is used, the efficiency is 100 


% or even more if the heating system is dimensioned for low temperatures, e.g. if floor heating sys-
tems. 



(23)Table 5.2  Oil burner - apartment complex, existing building 


Technology  Oil burner (mineral oil fired, <10 % FAME) 


Apartment complex, existing building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  400  400  400  400 


Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  96  96  96  96  G  1, 2, 3, 


4 


Technical lifetime (years)  20  20  20  20  4 


Environment 


SO2 (g per GJ fuel)  0.5  0.5  0.5  0.5  B, E 


NOX (g per GJ fuel)  30  30  30  30  C 


CH4 (g per GJ fuel)  0  0  0  0 


N2O (g per GJ fuel)  0  0  0  0 


Particles (g per GJ fuel)  0.03  0.03  0.03  0.03  D  5, 6 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit)   32  32  32  32  F 


- hereof equipment (%)  70  70  70  70 


- hereof installation (%)   30  30  30  30 


Possible additional specific investment  (1000€/unit) 


Fixed O&M (€/year)  500  500  500  500  F 


Variable O&M (€/GJ) 


References: 


Same as under the first table, i.e. "One-family houses, existing building". 


Notes: 


Same as under the first table, i.e. "One-family houses, existing building". 



(24)Table 5.3  Oil burner (bio oil) - one family house, new building 


Technology  Oil burner (bio oil) 


One-family house, new building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  25  25  25  25  A 


Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  100  100  100  100  1, 2, 3, 


4 


Technical lifetime (years)  20  20  20  20  4 


Environment 


SO2 (g per GJ fuel)  0  0  0  0  B, E 


NOX (g per GJ fuel)  > 30  > 30  > 30  > 30  C 


CH4 (g per GJ fuel)  0  0  0  0 


N2O (g per GJ fuel)  0  0  0  0 


Particles (g per GJ fuel)  D  5, 6 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit)  12  12  12  12  F 


- hereof equipment (%)  70  70  70  70 


- hereof installation (%)   30  30  30  30 


Possible additional specific investment  (1000€/unit) 


Fixed O&M (€/year)  500  500  500  500  F 


Variable O&M (€/GJ) 


References: 


Same as under the first table, i.e. "One-family houses, existing building". 


Notes: 


Same as under the first table, i.e. "One-family houses, existing building". 



(25)Table 5.4  Oil burner (bio oil) - apartment complex, new building 


Technology  Oil burner (bio oil) 


Apartment complex, new building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  400  400  400  400  A 


Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  100  100  100  100  1, 2, 3, 


4 


Technical lifetime (years)  20  20  20  20  4 


Environment 


SO2 (g per GJ fuel)  0  0  0  0  B, E 


NOX (g per GJ fuel)  > 30  > 30  > 30  > 30  C 


CH4 (g per GJ fuel)  0  0  0  0 


N2O (g per GJ fuel)  0  0  0  0 


Particles (g per GJ fuel)  -  -  -  -  D  5, 6 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit) - 400 kW unit  40  40  40  40  F 


- hereof equipment (%)  70  70  70  70 


- hereof installation (%)   30  30  30  30 


Possible additional specific investment  (1000€/unit) 


Fixed O&M (€/year)  1000  1000  1000  1000  F 


Variable O&M (€/GJ) 


References: 


Same as under the first table, i.e. "One-family houses, existing building". 


Notes: 


Same as under the first table, i.e. "One-family houses, existing building". 
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5.2  Natural gas boiler 


Brief technology description 
 What is a gas boiler? 


In a gas fired boiler, gas is burnt in a combustion section. It may be a traditional flame or via specially 
 designed low NOX combustors. Heat is transferred to water through water cooled walls and through a 
 water tube heat exchanger after the combustion section. Gas boilers can be wall hung or floor standing. 


The hot water from the gas boiler is circulated in the radiators of the house (a pump is therefore required 
 on the installation or in the boiler). 


Figure 5.2  A wall hung gas boiler for single family houses (Source: VarmeStåbi®, Nyt Teknisk Forlag) 
 A gas boiler is often called a "central heating (CH) boiler", as it is one of the elements of a central heat-
 ing installation including boiler(s), a heat distribution system, heat emitters (radiators, convectors etc.) 
 and a control system for the appliances. 


What is a condensing boiler?  


A condensing boiler is a boiler designed for low-temperature operation including recovering low-
 temperature heat and the latent heat from water vapour produced during the combustion of the fuel.  


The condensing boilers include two stages of heat collection, compared to traditional boilers (non-
condensing boilers), which only include one stage. In the condensing boiler, a second heat exchanger is 
placed before the flue gas exit to collect the latent heat contained in the flue. Most gas-fired boilers also 
allow for condensation in the combustion chamber. 



(27)Figure 5.3  A floor standing medium size condensing gas boiler for apartment blocks etc. (Source: Var-
 meStåbi®, Nyt Teknisk Forlag) 


Condensing flue gas recovery heat exchangers can be installed as auxiliary equipment after the boiler. 


Traditional gas boilers (= non-condensing) can no longer be installed in Danish houses/buildings (Re-
 quirements of the new building regulations, BR 10). 


Gas combustion 


In a gas boiler, the combustion often takes place by using specially designed burners for gas and the 
 necessary combustion air. Most appliances will accommodate a large variety of natural gas composi-
 tions or LPG’s with slight technical changes to the burner. 


Use of gas boilers for heating and hot water production 


Gas boilers are often used for heating and sanitary hot water production. For the latter, hot water storage 
 is used mostly (in Denmark), but it is also possible to have appliances producing hot water instantane-
 ously. 


Efficiency of gas boilers 


Gas boilers' efficiency is mainly depending on water temperature. The newest condensing boilers on the 
 market are often able to achieve more than 100 % efficiency (based on net calorific value) also in real 
 installations. The improved insulation of boilers and new burner technologies make it possible to come 
 close to the theoretically achievable efficiency. Efficiency in the range of 98-104 % as annual efficiency 
 is now possible [b] [c]. 


Annual efficiency referred to in the section "natural gas boilers" is calculated with BOILSIM [c], [d] 


and includes heating and hot water production based on Danish average houses. 


Hybrid systems and new technologies 


Hybrid systems are mixing different technologies: 


•  Gas boilers can be used in combination with solar thermal energy, and dedicated and adapted prod-
ucts are found on the market.  



(28)•  Gas boilers can also be used in combination with electrical heat pumps [e] and provide heat when 
 for example the electrical heat pump is not able to work efficiently (e.g. because of low external air 
 temperature). Packages with electrical heat pumps and gas boilers are on the market already. The 
 combination is quite attractive due to the good complementarity that can achieve high system effi-
 ciency.  


New technologies of gas boilers are also on the way: 


•  Gas heat pump [f] and micro cogeneration (mCHP) [g] are emerging technologies that have no sig-
 nificant market share yet, but are attracting increasing interest. Some micro CHP products are mar-
 ket ready, some are under development/tests (e.g. fuel cells). 


•  Gas heat pumps open for cooling/air conditioning function and mCHP for the decentralized elec-
 tricity production. 


Input 


Natural gas boilers are using natural gas as fuel. They can also use LPG gases (in general with minor 
 burner changes). Biogas can be used as well. It can be injected to the gas grid and mixed with natural 
 gas or used directly (this requires major CO2 removal from the gas to have a calorific value close to 
 CH4). 


Output 


The form of energy generated by gas boilers is heat transferred to heated water. So the output is hot wa-
 ter either used for heating or directly for sanitary hot water. 


Typical capacities 


For the domestic market, most of the gas boilers (single units) have a nominal heat output of about 20 
 kW and are modulating (see next section) down to 1 kW for very new technologies. 


The 20 kW are needed to cover the sanitary hot water production (especially in the case of boilers with-
 out water tank), whereas for heating 10 kW or less would be sufficient for most of the domestic houses. 


In general, gas boilers are produced as a series of similar appliances having different capacities. Exam-
 ples of nominal capacities are 10, 20, 30 and 50 kW. 


For apartment blocks and other large buildings, where the heat demand is larger than for single-family 
houses, larger boilers are used, but also the combination of several domestic appliances connected in so-
called "cascade" is a possible solution. In that case, the number of appliances in operation is determined 
by the heat demand. 



(29)Figure 5.4  Cascade installation of boilers. (Source: VarmeStåbi®, Nyt Teknisk Forlag) 
 Regulation ability 


Boilers are generally sold with controls that enable the optimal matching between the user demand and 
 the appliance's heat production and the actual hot water demand. For example, in case the user needs hot 
 water, the control system will give production priority to that demand. The control systems are able to 
 communicate with components such as external temperature sensor or pump. The control system will 
 also adapt to other control elements such as radiator thermostat etc. 


Some control systems are auto-adaptive: they will learn from the recent past to optimize the control of 
 the boiler. 


Most of the boilers on the present market are so-called "modulating" boilers. This feature allows the ap-
 pliance to deliver reduced heat output without stopping the burner (the gas and air flows to the burner 
 are reduced). Modulating ranges from 4 to 20 kW are typical, and technologies allowing very low 
 minimum range are developed (starting from 1 kW). The modulation feature reduces the too frequent 
 start-stop of the boiler and improves the user's comfort and the lifetime of the appliance. 


Advantages/disadvantages 


Advantages of gas boilers: 


•  Gas boilers offer an efficient way to use directly primary energy in homes. Modern condensing 
 boilers have very small energy losses and are designed to cover the entire heat and hot water need 
 of end users. 


•  CO2- and NOx-emissions of gas boilers are the lowest compared to any other fossil fuel boilers. 


•  The transport of natural gas to the houses through the gas grid is less "energy costly" than the trans-
 port of oil. 


•  Opposite to district heating, there are no network losses related to the transportation of gas in the 
grid. 



(30)Disadvantages of gas boilers: 


•  In the commercial sector4, gas boilers are very competitive. However, in the domestic sector, the 
 relative cost of central heating installations is getting too high compared to the low energy need of 
 modern and well insulated houses. Gas boilers are therefore decreasingly suitable for new small-
 size buildings or houses with low energy demand.  


Environment 
 Emissions 


Gas boilers have low NOx emissions (lower than oil boilers, due to the nature of the fuel), very little un-
 burned hydrocarbon (older burner technologies had some) and low CO emissions. 


Like other fossil fuel boilers, gas boilers have a net emission of CO2. 


Research and development 


R&D in the area is mainly dedicated to: 


•  Low-NOX burners. 


•  Combustion controls enabling appliances to self-adapt to variations in gas composition. 


But most of the research is dedicated to the development of new technologies that might replace con-
 ventional gas boilers: 


•  Domestic gas heat pump. 


•  Micro CHP units 


These new technologies are not covered by this technology description of gas boilers. 


Examples of best available technology 


A typical example of BAT would be a modulating, condensing boiler with a range of 5 to 20 kW. The 
 efficiency is constant over the range of modulation, and NOx emission is low thanks to the NOx burner 
 technology. Most of the condensing boilers on the market have now reached the highest achievable effi-
 ciency (with this technology) and can be considered to be BAT. 


As a new technology, Robur gas heat pump can be mentioned (mostly for apartment blocks due to the 
 size range 30 to 40 kW) [f]. 


Additional remarks 


Only condensing boiler technology is allowed for new installations in Denmark. 


References 


•  [a] Study "Eco-design of Boilers and Combi-boilers http://www.ecoboiler.org/ . 2006-2007 by Van 
 Holsteijn en Kemna (VHK) for the European Commission, DG Transport and Energy (DG TREN).  


       


4 In general, the gas market is divided into two groups: the domestic market (one-family houses, apartments) and the 
commercial market (shops, hospitals etc.). 



(31)•  [b] RECENT PROGRESS (AND APPLICATION) ACHIEVED IN THE WAY TO ESTIMATE 
 REAL PERFORMANCES OF DOMESTIC BOILERS ONCE INSTALLED Jean Schweitzer, 
 Christian Holm Christiansen Danish Gas Technology Centre, Denmark Martin Koot Gastec, Hol-
 land Otto Paulsen DTI, Denmark. SAVE Workshop Utrecht 2000. 


•  [c] Test of more than gas 100 boilers tested in laboratory at DGC. Application of BOILSIM model. 


•  [d] BOILSIM http://www.boilsim.com/. 


•  [e] Example of hybrid technology: manufacturer: Gloworm; Product:  Clearly Hybrid: 


http://www.glow-wormheating.co.uk/clearly-hybrid/clearly-hybrid.php. 


•  [f] Gas heat pump. Example of manufacturer. Robur http://www.robur.com/. 


•  [g] Micro CHP manufacturers on the market, e.g. Remeha and Baxi. 



(32)Data sheets: 


Table 5.5  Natural gas boiler - one-family house, existing building 
 Technology 


Natural gas boiler 


One-family house, existing and new building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  5-20  3-20  2-20  1-20 
 Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  100-
 104 


100-
 104 


100-
 104 


100-


104  A  1 


Electricity consumption (kWh/year)  80-200  40-120  20-80  ? 


Technical lifetime (years)  22  22  22  22  B, C  2 


Environment 


SO2 (g per GJ fuel)  ~0  ~0  ~0  ~0  5 


NOX (g per GJ fuel)  20  10  5  ?  D, E  4 


CH4 (g per GJ fuel)  2  1  0.5  ?  5 


N2O (g per GJ fuel)  ~0  ~0  ~0  ~0 


Particles (g per GJ fuel)  ~0  ~0  ~0  ~0 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit)  5  5  5  5  G 


- hereof equipment (%)  45  45  45  45 


- hereof installation (%)   55  55  55  55 


Possible additional specific investment  (1000€/unit)  2  2  2  2  K  6 


Fixed O&M (€/kW/year)  4  4  4  4  H 


Variable O&M (€/GJ)  2  2  2  2  I 


References: 


1  Annual efficiency calculation method for domestic boilers. SAVE Contract XVII/4.1031/93-008. 


2  Internal note on HNG Statistics on replacement of gas boilers. 


3  Study "Eco-design of Boilers and Combi-boilers (VHK) for the European Commission, DG Trans-
port and Energy (DG TREN). Task 4 Section 3.1. 



(33)4  Study "Eco-design of Boilers and Combi-boilers (VHK). Task 4 Section 3.1. 


5  Start stop emissions of domestic appliances.  H. Hüppelshäuser and F. Jansen. Ruhrgas. IGRC 
 1998. 


6  HMN: http://salg.naturgas.dk. 


Notes: 


A  Annual efficiency calculated with input test data carried out at DGC and using the model BOILSIM 
 [1]. 


B  Technical lifetime (years). We consider that the lifetime is defined as the time where 50% of the 
 appliances are not working anymore. 


C  The lifetime is based on [2] and averaged on selected recent technologies. 


D  ECO design limit for gas boilers = 70 mg/kWh = 70/3.6 = approx. 20 g/GJ fuel based on Hs. 


E  We consider that NOx emission will decrease as an average. The level proposed for 2030 is already 
 achievable today. 


F  Ref [5] gives 5 mg/kWh, This is  less than 2 g/GJ. 


G  HMN standardsinstallation, 37,500 kr. 


H  HMN serviceordning 2011. 


I  HNG servicestatistik 2006. 


J  HMN energirådgivning. 


K  Installation of a gas service line (grid connection). The price may change depending on the market-
ing of the gas distribution companies. For non-domestic appliances, the same price as for domestic 
is assumed. Only to be paid if the natural gas is not yet supplied to the house. 



(34)Table 5.6  Natural gas boiler - apartment complex, existing building 


Technology  Natural gas boiler 


Apartment complex, existing and new building 


2015  2020  2030  2050  Note  Ref 


Energy/technical data 


Heat production capacity for one unit (kW)  20-750  20-750  20-750  20-750 
 Expected share of space heating demand covered by 


unit (%)  100  100  100  100 


Expected share of hot tap water demand covered by 


unit (%)  100  100  100  100 


Total efficiency, annual average, net (%)  100-
 104 


100-
 104 


100-
 104 


100-
 104 


Electricity consumption (kWh/year)  400  300  200  100 


Technical lifetime (years)  25  25  25  25 


Environment 


SO2 (g per GJ fuel)  ~0  ~0  ~0  ~0 


NOX (g per GJ fuel)  20  10  5  5 


CH4 (g per GJ fuel)  2  1  0.5  0.5 


N2O (g per GJ fuel)  ~0  ~0  ~0  ~0 


Particles (g per GJ fuel)  ~0  ~0  ~0  ~0 


Financial data 


Specific investment (1000€/kW) 


Specific investment (1000€/unit)  5-40  5-35  5-30  5-30  J 


- hereof equipment (%)  50-85  50-85  50-85  50-85 


- hereof installation (%)   15-50  15-50  15-50  15-50 


Possible additional specific investment  (1000€/unit)  2  2  2  2  K  6 


Fixed O&M (€/kW/year)  4  4  4  4 


Variable O&M (€/GJ)  2  2  2  2 


References: 


Same as under the first table, i.e. "One-family houses, existing building". 


Notes: 


Same as under the first table, i.e. "One-family houses, existing building". 
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