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1 Introduction 

The aim of the NorWays project is to carry out analysis and evaluation of scenarios, market 
segments as well as geographical regions for introduction of hydrogen

 
in the Norwegian 

energy system. The project includes the development of a generic regional MARKAL model, 
constructed to represent a general region, neither adapted to special local conditions nor to a 
specific situation. The generic model is a framework in which data for every Norwegian 
county can be implemented. This report gives a general description of the generic model and 
is primarily a documentation of the model. The report is intended for internal use when 
developing regional models. 

When creating a generic model, it is important to consider the actual physical and economical 
structure of a regional energy system. However, it is also important to consider the MARKAL 
framework, available energy statistics for Norwegian counties, and data available in existing 
Norwegian MARKAL databases. Relevant information about the Norwegian energy system is 
available from the Statistics Norway, NVE and from the Norwegian MARKAL model. For 
hydrogen technologies more detailed information is available from the E3 database in the 
HyWays project, and from the National Hydrogen Commission [NOU 2004]. Reliable input 
data for modelling and analysis are important. Therefore, available data needs to be updated, 
with relevant technologies and processes, their efficiencies, emissions and cost, as well as end 
use demand in various market segments and geographical regions. 

The potential for introduction of hydrogen is mainly in the transport sector, in accordance to 
the National Hydrogen Commission, but also to some degree as a source for distributed 
energy generation. As a result of discussion in the NorWays project team, we have decided 
not to include distributed hydrogen for stationary applications. Main issues in studying 
introduction of hydrogen are the infrastructure part as well as production of hydrogen. 
Therefore, it is important to model the stationary and the transport sector in an integrated 
model. The regional models can take into account different transport needs in rural and urban 
areas, as well as local resource availability.  

An important task in the NorWays project is to use the regional MARKAL models in 
interaction with more detailed infrastructure models. 

2 MARKAL  

MARKAL (an acronym for MARKet ALocation model) is a mathematical model of the 
energy system. MARKAL is a linear programming tool, a bottom-up model with a detailed 
representation of the energy sector of the economy. The MARKAL model consists of a 
detailed description of the energy system, both technically and economically, with resources, 
energy carriers, conversion technologies, and energy demand. The model is demand driven, 
thus the forecasted energy demand is given exogenously and the demand is satisfied over the 
modelling periods at least costs.  

The model can be used for a wide range of applications such as strategic planning of future 
energy supply options, analysis of least-cost strategies, energy policies and measures, 
examination of the collective potential of technologies and resources, and evaluation of 
different research strategies for energy technologies. In a MARKAL model, the time period 
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has equal intervals, typically five years. The analyzing period for the generic model is 2050, 
with five years intervals. 

2.1 The MARKAL framework 

The MARKAL model provides a framework for representing a regional energy economy. The 
reference energy system (RES) in MARKAL consists of:  

− Demand for energy services 

− Available energy sources (mining or imports) 

− Sinks (exports) 

− Technologies  

− Commodities 

The main boundaries is set by the available sources and demand for energy services 
represented by respectively supply and demand curves. The available commodities are:  

− Energy carriers  

− Energy services  

− Materials  

− Emissions 

Technologies are divided into resource, conversion, process and demand technologies. 
Resources technologies handle energy sources and sinks. Conversion technologies handle 
conversion of available carriers and resources to electricity and low temperature heat. Process 
technologies handle other conversion between resources and energy carriers, for instance 
production of high temperature heat or bio pellets. Demand technologies handle the 
conversion of available energy carriers to energy services. The physical energy economy of 
MARKAL, not including emissions or materials, is presented in Figure 1. [ETSAP 2004]  

 
Figure 1  RES The MARKAL structure, not including emissions or materials 

The dotted line in the figure implies that that the chains may consist of additional 
technologies.  
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3 Demand 

3.1 Demand groups 

3.1.1 General 

The demand groups are defined due to data availability (energy statistics etc), energy use 
(major uses are own groups), homogeneity in energy use and possible specific geographical 
areas within a county. If there is special regional interest to make a more detailed 
classification than in the generic model, this is possible, as long as it is possible to aggregate 
the more detailed groups into the common groups in the generic model (the groups in a region 
may not be across the classification in the generic model). The demand of energy is given as 
net energy for all purposes where nothing else is stated. 

The classification is based on the NACE system (Statistical Classification of Economic 
Activities in the European Community), that is the acronym used to designate the various 
statistical classifications of economic activities developed since 1970 by the European Union 
[SSB 2004]. 

The share of energy use of the main sectors of the MARKAL framework is presented in 
Figure 2. 

Industry
37 %

Tertiary
12 %

Households
21 %

Transport
28 %

Primary 
sector
2 %

 
Figure 2  Share of energy consumption in different Norwegian sectors, 2003 [SSB 2006] 

 

3.1.2 Primary sector 

Stationary energy use in the primary sector was only 2% of final energy use in Norway in 
2003, see Figure 2, or a total of 3.8 TWh. The primary sector includes agriculture, forestry 
and fishing (Nace codes 0100, 0200 and 0500). Fishing includes the sea farming (Nace 0520) 
and agriculture includes greenhouses (Nace 0112). Marine gas oils and heavy fuel oil used by 
fishing ships are included in the transport sector. All energy consumption of agriculture is 
included here, even though some of the energy is used for transportation. However, this is a 
quite small consumption and do not justify an own transport demand class. Most of the energy 



 5

consumption in forestry is for mobile use, but since it is small, no special efforts are made to 
model this more detailed. 

Energy consumption of greenhouses was approx. 0.5 TWh in 1999 [Web 2]. Information on 
number of greenhouses and energy use may be found in the counting of agriculture made by 
Statistics Norway [Web 1 and 2]. In some countries it could be useful to separate greenhouses 
as an own group. Table 21 in Appendix 1, presents the area and energy consumption of 
greenhouses in each county in 1999. 

The energy consumption of sea farming was approx. 0.2 TWh in 2003 [SSB 2006]. In most 
counties this group is of very small interest, but in a few it might be valuable to classify it as 
an own group. 

 

3.1.3 Industry sector 

The industry sector is classified in nine groups, based on energy consumption and 
homogeneity, as shown in Table 1. The more detailed the industry sector is modelled, the 
better the analysis. However, the number of groups has to be restricted, in order to limit the 
size of the model. The MARKAL code consists of an “I” for Industry followed by the Nace 
number of the sector, e.g. I15 for food and beverages. 

The food and beverage industry (Nace 15) uses more energy as process heat than many other 
industries, such as mechanical industry. The food and beverage industry also is a rather big 
energy consumer in the Norwegian industry, as shown in Figure 3.  

Food and 
beverages

6 %

Chemical
20 %

Non-metallic 
minerals

6 %

Ferroalloys
14 %

Aluminium
28 %

Other 
industry

10 %
Wood
2 %

Pulp and 
paper
14 %

 
Figure 3  Distribution of final energy use of different industry sectors in 2003 [SSB 2006] 

The wood and furniture industry is an own group, since they have better conditions to use bio 
energy, often at a lower price than other industries. This group includes sawmills, production 
of fibre and particleboard, production of prefabricated houses, production of other wood 
products and furniture. 
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The pulp and paper industry is a big energy consumer in Norway, consuming approx. 11 TWh 
in 2003. This group includes production of mechanical and chemical pulp and production of 
paper and cardboard. Production of paper products is a part of “other industry”. 

Production of basic chemicals used approx. 16 TWh in 2003. Basic chemicals are e.g. 
fertilizers, carbides, ammonia, basic plastics, industrial gases, methanol, and metallic silicon. 
In our definition of chemical industry are also refineries included. The chemical industry 
differs a lot from most of the other Norwegian industry and most of them will probably be 
valuable to treat as separate units in a regional model. 

Production of non-metallic minerals is e.g. production of cement, glass, ceramics, fibreglass 
etc. The production is rather energy intensive, with a high degree of direct process heat. As 
for the chemical industry, most of these industries will probably be valuable to treat as 
separate units in a regional model. 

Production of primary metals is very energy intensive, and in Norway it is mainly represented 
by production of primary aluminium and of ferroalloys. Since this industry is so dominating, 
and there are rather big differences between production of aluminium and ferroalloys, they are 
separated in two groups. Other production of primary metals is allocated to those two groups 
as it is done by IEA. This means that production of iron and steel and the founding industry 
belongs to the ferroalloy group, while the production of other non-ferrous metals belongs to 
the same group as aluminium. 

All the other industry is left in the last group, I99-Other industry. This includes e.g. mining, 
textiles, printing, plastics, mechanical industry, construction etc. The Nace codes of all the 
sub-sectors are presented in Table 1. 

All the industry groups have a demand of both heat and non-substitutable electricity (e.g. 
electricity for motor drives, lighting…). The MARKAL code for each industry group is added 
an “H” to define that this is the demand of heat energy and an “E” to define that this is the 
demand of non-substitutable electricity (e.g. I15H is the demand of heat in food and beverage 
production and I15E is the demand of non-substitutable electricity). Some of the industries 
also have a demand of raw materials, e.g. production of chemicals and primary metals. This 
demand adds an “R” to the MARKAL code. Especially for the food and beverage industry, it 
would be useful to also have cooling as a separate demand group, but the cooling demand is 
often not known. In the generic model it is included as a demand group of I15, but if the 
necessary data are unknown, this group is not used. 

Thermal energy consumption in industry in each county is presented by Statistics Norway in 
“Kommunestatistikken” [web-5]. This statistics represent the total industry, not divided in 
different sub-sectors. In many cases, it is still possible to allocate the energy consumption to 
the necessary industry groups, since many communities only have one industry plant.  

The electricity statistics presents electricity use by pulp&paper industry, energy intensive 
industry and other industry. 

Often the official statistics is not detailed enough for the purpose of regional modelling. In the 
case of large industrial plants, it might be possible to get the information directly from the 
company. Since the number of big plants often is rather limited, the work is not to complicate. 
Another possible source is the web-database of the Norwegian Pollution Control Authority 
[web-6]. 
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Table 1  Industry demand groups in the generic model 

NACE MARKAL Name Demand  

15 I15 Food and beverages Heat (H), non-substitutable 
electricity (E) and cooling (C) 

20 & 3610 I20 Wood and furniture Heat (H) and non-substitutable 
electricity (E) 

2110 & 2120 I21 Pulp and paper Heat (H) and non-substitutable 
electricity (E) 

2410 & 2320 I241 Chemicals Heat (H), non-substitutable 
electricity (E) and raw materials (R) 

26 I26 Non-metallic minerals Heat (H), non-substitutable 
electricity (E) and raw materials (R) 

2710 & 2750 I271 Production of iron, 
steel and ferroalloys 

Heat (H), non-substitutable 
electricity (E) and raw materials (R) 

2730 & 2740 I273 Production of non-
ferrous metals 

Heat (H), non-substitutable 
electricity (E) and raw materials (R) 

13, 14, 16, 17,18, 
19, 2130, 22, 23, 
243-247, 25, 28-
35, 3620, 37, 45 

I99 Other industry and  Heat (H) and non-substitutable 
electricity (E) 

 

3.1.4 Tertiary sector 

The tertiary sector is very heterogenic and shows a rapid increase in energy use. In order to be 
able to analyse this sector, it has been divided into five sub-sectors; wholesale and retail, 
education, health services, other public services and other activities of tertiary sector, see 
Figure 4. “Others” include e.g. hotels, restaurants, financial services, transportation services, 
sports centres, hairdressers, laundries, libraries, cinemas, theatres etc.  
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Figure 4  Distribution of final energy use in different tertiary sectors, 2003  [SSB 2006] 

Table 2 shows the sub-sectors and codes of the tertiary sector, along with the different 
demand groups. The MARKAL code is “C” for “Commercial and services” followed by the 
Nace number of the sub-sector, e.g. C50 for wholesale and retail trade. 

Non-substitutable electricity (E) is electricity used for lighting, fans, pumps, equipment etc. 
that cannot use any other energy source. Electricity for heating purposes is included in “heat” 
(H) and electricity for cooling purposes is included in “cooling” (C). 

Table 2 Demand groups of tertiary sector in the generic model 

NACE MARKAL Name Demand 

50 C50 Wholesale and retail trade Heat (H), non-substitutable 
electricity (E) and cooling (C) 

75 C75 Public services, other than 
education and health 
services (incl. Defence) 

Heat (H), non-substitutable 
electricity (E) and cooling (C) 

80 C80 Education Heat (H), non-substitutable 
electricity (E) and cooling (C) 

85 C85 Health services Heat (H), non-substitutable 
electricity (E) and cooling (C) 

41, 55, 63-74, 
90-95 

C99 Other tertiary Heat (H), non-substitutable 
electricity (E) and cooling (C) 

The energy balance of Norway contains the energy use of many tertiary sectors, more than 
requested here. On the county level, all energy use in tertiary sector is added into one sector in 
the county statistics of Statistics Norway [web-5]. The electricity distribution companies have 
to report electricity delivered to end users to The Norwegian Water Resources and Energy 
Directorate (eRapp). This is collected in a database with 27 sectors, covering our five tertiary 
sub-sectors on a county level. Since electricity consumption in tertiary sector in average 
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covers more than 80% of the total energy use, it would be very useful if the information from 
eRapp could be available at the five levels of the tertiary sector. The thermal energy use has to 
be divided into the subgroup based on national distribution, in most cases, if no county 
specific information is available. 

The end use of energy divided into heat, electricity and cooling also have to be an estimate. 
No thorough studies are known, but in [IFE, 2006] a literature survey concludes in a possible 
division of the present energy consumption. Suggested end use consumption is shown in 
Table 3. 

Table 3  Suggested end use energy consumption in tertiary sub-sectors [IFE 2006] 

Sub-sector Heat Non-substitutable 
electricity 

Cooling 

Wholesale and retail trade 39 % 41 % 20 % 

Public services 54 % 44 % 2 % 

Education 69 % 31 % 0 % 

Health services 66 % 32 % 2 % 

Other tertiary 58 % 37 % 5 % 

 

3.1.5 Residential sector 

Energy demand sectors of households are different due to location (urban or rural) and due to 
size (single family houses or apartments (multi-family house)). Another aspect is if the house 
exists today, or is a new one that will be built in the future, thus being able to choose different 
technologies at a lower cost than for existing houses. The number of apartments in rural areas, 
and thereby the energy use of this category, is regarded as very small, and hence there is no 
category for either existing or new apartments in rural areas. 

The definition of urban area is based on information from Statistics Norway of areas with 
more than 10 000 inhabitants [web 7]. This gives the possibility to allow end users to choose 
technologies in urban areas that are dependent on a more dense demographic structure, e.g. 
use of district heat, hydrogen fuelling stations etc. The energy use of the household sector is 
allocated to “urban” and “rural” based on the population figures. 

Calculation of energy use in existing single and multi-family houses is based on information 
from the Population and Housing Census 2001 of Statistics Norway [SSB 2003]. The 
definition of multi-family houses is apartments with at least three floors. All other houses are 
considered as single-family houses (including row house, two-family houses, farmhouses). 
This definition is based on the different technology cost of central heating devices in 
apartments and other houses. The number of houses in each category is multiplied with the 
average energy consumption according to [SSB 2005A], see Table 4. Finally the energy 
consumption may be adjusted due to differences between the regional the national average. 
All the household categories will add up to the energy consumption of the household sector in 
the county according to the statistics. 
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Table 4  Useful energy consumption for different dwellings, kWh/dwelling, [SSB 2005A] 

 Total 
energy

Electricity Oil and 
kerosene

Wood 
etc. 

District 
heat, gas

Total 20 969 17 779 951 2 165 74
Type of dwelling  
Farm house 27 342 19 599 792 6 943 8
Single family house 25 456 21 263 1 441 2 730 22
Row houses, 2-family houses 17 844 15 901 272 1 494 177
Apartments etc. 11 716 10 918 503 182 113
Year of building  
Before 1931 20 526 17 022 499 2 962 43
1931-1954 19 518 15 633 1 909 1 967 9
1955-1970 20 460 17 025 1 564 1 851 20
1971-1980 21 308 18 225 721 2 317 45
1981 -1990 22 645 19 743 472 2 161 269
1990 - 20 724 18 652 101 1 971 0
Region  
Akershus 22 025 19 942 987 1 084 12
Oslo 14 365 12 673 1 137 199 356
Hedmark & Oppland 22 639 17 164 1 558 3 876 41
Sørøst-landet 21 659 17 781 1 346 2 532 0
Agder & Rogaland 21 280 19 504 294 1 457 25
Vestlandet 20 325 17 665 516 2 125 19
Trøndelag 23 878 17 723 1 362 4 668 125
Nord-Norge 24 220 20 708 830 2 671 11

 

The energy demand of the three categories of “new houses” is zero in the base year, since 
these are houses not built yet.  

All the demand for non-substitutable electricity is gathered in one demand sector, since it is 
not considered as necessary to vary the specific electricity use (for lighting, appliances etc.) in 
different demand sectors. The same principle is applied for cooling. Today the cooling 
demand is neglectable, but in future this will probably grow. It is considered as sufficient to 
have one common demand sector for cooling for the entire household sector.  

The MARKAL code begins with an “R” for “Residential”. The heating demand groups then 
has a “S” for new Single-family houses, “T” for new multifamily houses, “U” for existing 
single-family houses, and “V” for existing multi-family houses. The third letter for these 
demand groups states whether the location is in urban areas or in rural areas, by the use of a 
“U” or an “R”. All non-substitutable use of electricity is one demand group named “REL”. 
The demand for cooling is named “RCO” in all types of households. The demand groups are 
presented in Table 5. 



 11

Table 5 Demand categories of residential sector 

MARKAL code Name 

REL Non-substitutable electricity demand in households 

RCO Cooling demand in households 

RSU New single family houses in urban areas 

RSR New single family houses in rural areas 

RTU New multi family houses in urban areas 

RUU Existing single family houses in urban areas 

RUR Existing single family houses in rural areas 

RVU Existing multi family houses in urban areas 

 

3.1.6 Transport 

The transport sector has been divided into nine different categories, based on the type of 
vehicle and the possibilities for early use of hydrogen, as shown in Table 7.  

Personal transport by cars has two demand categories; energy use in urban areas and in rural 
areas, since the possibilities for hydrogen fuelling stations will be restricted to urban areas. 
Another demand category of cars is the fleet vehicles. These include taxis, mail cars and other 
groups of cars that might be early users of new technologies. 

Energy demand by buses is divided into local buses and long distance buses, since the fuelling 
of local buses with new energy carriers differs from long distance buses. 

Trucks, railway and ship are one category each, as well as “production machinery”, which 
consist of the mobile energy use of construction (Nace 45). 

The MARKAL code is T for “Transportation” followed by 1-2 characters describing the 
category, e.g. TCU for Transportation – Cars – Urban areas. In this sector, the use of Nace 
codes is not appropriate. 
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Table 6  Demand categories of transport sector 

Nace MARKAL Name 

6020 TBD Buses – long distance  

6020 TBL Buses – local 

6010, 6020 TCU Cars – urban areas 

6010, 6020 TCR Cars – rural areas 

6030, 6040 TF Fleet vehicles 

4500 TPM Production machinery 

6040 TR Railway 

6040 TT Trucks 

6130 TWS Ship 

 

3.2 Demand technologies 

Each demand sector has a number of demand technologies fulfilling the exogenously given 
demand. Some of the demand technologies are defined as “conversion technologies”, due to 
modelling reasons, but in order to get the whole picture of the demand sectors, these 
technologies are also described here. For more information about conversion technologies, 
see chapter 4. 

3.2.1 Primary sector 

The energy consumption of primary sector is a minor part of the Norwegian final energy use, 
and in most counties this sector will not be modelled in detail. The demand technologies are 
restricted to one “technology”, using the same energy as in the base year, and without any 
costs. Contrary to the other demand sectors, energy use of primary sector is given as total 
final energy, not considering efficiencies.  

3.2.2 Industry 

All industry sector may invest in boilers for steam or hot water production using different 
energy carriers such as oil, gas, bio mass or electricity. In addition a part of other industry 
may use district heat and pulp and paper industry also have waste liquor boilers.  

Production of electricity in industry, based on simultaneous use of both heat and electricity is 
defined as a conversion technology, since end-use technologies cannot produce electricity. 
Since there is a close connection between local electricity production in industry and steam 
production for the same industry, it is an advantage to define all the energy production plant 
in industries as conversion plants. 

In addition, all sectors have the possibility to invest in energy conservation measures, in four 
investments classes, for both heat and electricity. 
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The end-use technologies of industries then consists of energy conservation measures and 
“dummy” technologies for heat, electricity and raw material demand, with no investment 
costs etc. 

Table 7  Heat and electricity or heat and/or cooling production technologies in industry 
sector 

MARKAL Name Energy in Energy out 

ECI20 Steam turbine wood industry LTH-I20 LTH-I20b + 
Electricity 

ECI21 Steam turbine pulp industry LTH-I21 LTH-I21b + 
Electricity 

 

ECI241 Steam turbine chemical industry LTH-I241 LTH-I241b 
+ Electricity 

ECI99 Steam turbine other industry LTH-I99 LTH-I99b + 
Electricity 

ECOC1 Cooling machine Electricity COOL-Ix 

ECOC2 Hybrid Heat pump Waste heat COOL-Ix + 
LTH-Ix 

EEIA Heat recovery pulp industry Waste heat Electricity 

EEIB Heat recovery ferro-alloys Waste heat Electricity 

EHIxA1 Oil Boiler Fuel oil LTH-Ix1

EHIxB Bio mass Boiler Bio mass LTH-Ix 

EHIxC Gas Boiler Natural gas LTH-Ix 

EHIxD District Heat Exchanger District heat LTH-Ix 

EHIxE Electric Boiler Electricity LTH-Ix 

EHIxF Heat pump Heat for heat 
pumps + Electricity 

LTH-Ix 

1” x” should be replaced by the number of each industry sector, e.g. EHI15A, EHI15B … 
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Table 8 End-use technologies in industry sector 

MARKAL1 Name Energy in 

IxC1 Cooling demand COOL-Ix 

IxH1 Heat demand LTH-Ix 

IxR1 Non-substitutable energy use Non-substitutable 
energy 

IxX1 Heat energy conservation class 1 Conservation 

IxX2 Heat energy conservation class 2 Conservation 

IxX3 Heat energy conservation class 3 Conservation 

IxX4 Heat energy conservation class 4 Conservation 

IxZ1 Electricity energy conservation class 1 Conservation 

IxZ2 Electricity energy conservation class 2 Conservation 

IxZ3 Electricity energy conservation class 3 Conservation 

IxZ4 Electricity energy conservation class 4 Conservation 
1” x” should be replaced by the number of each industry sector, e.g. I15A, I15B … 

3.2.3 Tertiary sector 

Technologies for production of hot water for distribution in a heat distribution system in 
buildings in tertiary sector are defined as central conversion technologies (EHCx – Energy 
Heat Commercial), see Table 9. They have the possibility to produce heat (hot water), LTH-C 
(Low Temperature Heat - Commercial sector), and in some cases also electricity, delivered to 
the electricity net (ELC). The heat can only be used in the tertiary sector and by end-users 
with a heat distribution system within the building. Since the heat distribution system often 
has a longer technical lifetime than e.g. a boiler, this improves the modelling compared to 
when boilers etc are defined as end-use technologies and the costs for the distribution system 
is included in the boiler cost. 

The cooling demand of tertiary sector may be satisfied by use of district cooling, a central 
cooling machine in each building including a distribution system or by local cooling units in 
each premises. 

The end-use technologies in each demand sector are direct electric resistance, water heat 
distribution system and air heat pumps, as shown in Table 10. In addition all sectors has the 
possibility to invest in energy conservation measures, in four investments classes. 

Distributed hydrogen for stationary use is no alternative in the model.  



 15

Table 9 Heat production technologies in tertiary sector 

MARKAL Name Energy in Energy out 

EHCA Oil Boiler Light fuel oil LTH-C2

EHCB Pellets Boiler Pellets LTH-C 

EHCC Gas Boiler Natural gas LTH-C 

EHCD District Heat Exchanger District heat LTH-C 

EHCE Electric Boiler Electricity LTH-C 

EHCF Heat pump sea/ground Heat for heat pumps 
+ Electricity 

LTH-C 

ECCA CHP Natural gas LTH-C + ELC3

ECCB SOFC + Gas Turbine (NG fed) Natural gas LTH-C + ELC 

ECCC SOFC (NG fed) Natural gas LTH-C + ELC 

ECCD PEMFC + internal reformer (NG fed) Natural gas LTH-C + ELC  

ECCE NG CHP (ICE) Natural gas LTH-C + ELC 

 

Table 10 End-use demand technologies of tertiary sector 

MARKAL1 Name Energy in 

CxEL Electricity, non-substitutable Electricity 

CxC1 Distribution system -cooling Cooling water 

CxC2 District cooling (exchanger) District cooling 

CxC3 Cooling machine (central unit) Electricity 

CxC4 Cooling unit (local unit) Electricity 

CxHD Distribution system Hot water 

CxHE Electric Resistance Electricity 

CxHG Heat Pump (Air-Water) Heat for heat pumps + Electricity 

CxHH Heat Pump (Air-Air) Heat for heat pumps + Electricity 

CxX1 Heat energy conservation – class 1 Conservation 

CxX2 Heat energy conservation – class 2 Conservation 

CxX3 Heat energy conservation – class 3 Conservation 

CxX4 Heat energy conservation – class 4 Conservation 

CxZ1 Electricity energy conservation – class 1 Conservation 

CxZ2 Electricity energy conservation – class 2 Conservation 

CxZ3 Electricity energy conservation – class 3 Conservation 

CxZ4 Electricity energy conservation – class 4 Conservation 
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1” x” should be replaced by the number of each tertiary category, e.g. C50HD, C50HE … 

 

3.2.4 Residential 

As for the tertiary sector, technologies for production of hot water for distribution in a heat 
distribution system in buildings in the residential sector are defined as central conversion 
technologies (EHRx – Energy Heat Residential), see Table 11. They have the possibility to 
produce heat (hot water), LTH-RS/T (Low Temperature Heat – Residential Single-family 
houses /T multi-family houses), and in some cases also electricity, delivered to the electricity 
net (ELC). The heat can only be used in the residential sector by either single-family houses 
(RS) or multi-family houses (RT) and by end-users with a heat distribution system within the 
building. Since the heat distribution system often has a longer technical lifetime than for 
instance a boiler, this improves the modelling compared to when boilers etc are defined as 
end-use technologies and the costs for the distribution system is included in the boiler cost. 

The end-use technologies in each demand sector are direct electric resistance, water heat 
distribution system, and stoves (wood, pellets, kerosene) in combination with electric 
resistance and air heat pumps, see Table 12. In addition all sectors has the possibility to invest 
in energy conservation measures, in four investments cost classes. 

Distributed hydrogen for stationary use is no alternative in the model.  

 

Table 11 Central heat production technologies in residential sector 

MARKAL Name Energy in Energy out 

EHRA Oil Boiler Light fuel oil LTH-RS/T1

EHRB Pellets Boiler Pellets LTH-RS/T 

EHRC Gas Boiler Natural gas LTH-RS/T 

EHRD District Heat Exchanger District heat LTH-RS/T 

EHRE Electric Boiler Electricity LTH-RS/T 

EHRF Heat pump sea/ground Heat for heat pumps 
+ Electricity 

LTH-RS/T 

ECRA SOFC+GT (NG fed) Natural gas LTH-RT + ELC  

ECRB SOFC (NG fed) Natural gas LTH-RT + ELC  

ECRC PEMFC (NG fed) Natural gas LTH-RS/T + ELC  

ECRD NG CHP (ICE) (rebuilt diesel 
motor) 

Natural gas LTH-RS/T + ELC 

1 RS is water distribution system in single-family houses (both existing and new) and RT is 
water distribution system in multi-family houses (both existing and new) 
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Table 12  End-use demand technologies of residential sector 

MARKAL1 Name Energy in 

REL1 Electricity, non-substitutable Electricity 

RCO1 Cooling unit Electricity 

RxA Wood Stove + ELC Resistance Electricity + wood 

RxB Pellets burner + ELC Electricity + pellets 

RxC Kerosene Stove + ELC Electricity + kerosene 

RxD Water distribution system Hot water 

RxE Electric Resistance Electricity 

RxF Electric Resistance with night save 
equipment 

Electricity 

RxH Heat Pump (Air) Heat for heat pumps + Electricity 

RxX1 Heat energy conservation – class 1 Conservation 

RxX2 Heat energy conservation – class 2 Conservation 

RxX3 Heat energy conservation – class 3 Conservation 

RxX4 Heat energy conservation – class 4 Conservation 

RxZ1 Electricity energy conservation – class 1 Conservation 

RxZ2 Electricity energy conservation – class 2 Conservation 

RxZ3 Electricity energy conservation – class 3 Conservation 

RxZ4 Electricity energy conservation – class 4 Conservation 
1” x” should be replaced by the number of each residential sector (RS, RT, RU, RV), e.g. 
RSD, RSE … 

 

3.2.5 Transport 

For transportation in urban areas the model can invest in vehicles using hydrogen, natural gas 
or electricity, while people living in rural areas do not have this possibility. Local buses can 
choose between diesel, natural gas, hydrogen or fuel cells, while long distance buses only can 
use diesel. 

Cars in urban areas can use gasoline, diesel, electricity, E85 (85% ethanol and 15% gasoline), 
hydrogen fuel cells, hydrogen or hybrid cars, see Table 13. People living in rural areas can 
only have cars using gasoline, diesel or E85. Fleet vehicles have the same possibilities as cars 
in urban areas. 

Trucks and production machinery may use diesel or hydrogen. Ships may use diesel, natural 
gas or hydrogen. 
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Diesel vehicles can use normal petroleum diesel, a mixture with RME (Rape Methyl Ester) or 
pure bio-diesel. The technical and economic data for the vehicles are considered as constant, 
independent of the type of diesel used. 

Air transport is not included in the generic regional MARKAL model. 

The MARKAL code is the demand code followed by a number and a code for the fuel is 
added after “-“. 
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Table 13  End-use technologies in transport sector 

 MARKAL Name Energy carrier 
Busses TBD-D Bus, ICE Diesel Diesel 
 TBL-CNG Bus, ICE Natural Gas Natural Gas 
 TBL-D Bus, ICE Diesel Diesel 
 TBL-HFC Bus, Hydrogen Fuel Cell Hydrogen 
 TBL-HICE Bus, ICE Hydrogen Hydrogen 
Cars TCU1-D Diesel Car Diesel 
-urban TCU1-E85 E85 car Ethanol and Gasoline 
 TCU1-EL Electric Car Electricity 
 TCU1-G Gasoline Car Gasoline 
 TCU1-HFC Hydrogen Fuel Cell car Hydrogen 
 TCU1-HICE ICE Hydrogen car Hydrogen 
 TCU1-NG ICE Natural Gas car Natural Gas 
 TCU2-D Diesel Hybrid Car Diesel 
 TCU2-E85 E85 Hybrid Car (ICE+battery) Ethanol and Gasoline 
 TCU2-G Gasoline Hybrid Car (ICE+battery) Gasoline 
 TCU2-NG NG Hybrid ICE Car Natural Gas 
-rural TCR1-D Diesel Car Diesel 
 TCR1-E85 E85 car Ethanol and Gasoline 
 TCR1-G Gasoline Car Gasoline 
 TCR2-D Diesel Hybrid Car Diesel 
 TCR2-E85 E85 Hybrid Car (ICE+battery) Ethanol and Gasoline 
 TCR2-G Gasoline Hybrid Car (ICE+battery) Gasoline 
Fleet vehicles TF1-D Fleet vehicles, ICE Diesel Car Diesel 
 TF1-E85 Fleet vehicles, ICE E85 Car Ethanol and Gasoline 
 TF1-EL Fleet vehicles, Electricity Car Electricity 
 TF1-G Fleet vehicles, ICE Gasoline Car Gasoline 
 TF1-HFC Fleet vehicles, Fuel Cell Car Hydrogen 
 TF1-HICE Fleet vehicles, ICE Hydrogen Car Hydrogen 
 TF1-NG Fleet vehicles, ICE NG Car Natural Gas 
 TF2-D Fleet vehicles, Hybrid Diesel Car Diesel 
 TF2-E85 Fleet vehicles, Hybrid E85Car Ethanol and Gasoline 
 TF2-G Fleet vehicles, Hybrid Gasoline Car Gasoline 
 TF2-NG Fleet vehicles, Hybrid NG Car Natural Gas 
Machinery TPM-DSL Diesel Machinery Diesel 
 TPM-HYD Hydrogen machinery Hydrogen 
Railway TRR1 Railway transport Electricity and Diesel 
Trucks TT-DSL Diesel truck Diesel 
 TT-HYD Hydrogen truck Hydrogen 
Ship TWS-DSL Diesel boat Diesel 
 TWS-HYD Hydrogen boat Hydrogen 
 TWS-NGS Natural gas boat Natural Gas 
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4 Conversion technologies 

4.1 Electricity production 

The possible technologies for electricity production are presented in Table 14. The different 
wind classes onshore are based on different average wind speed.  

Distribution of electricity is modelled as two grids. One is a high voltage grid, directly used 
by industry and energy sector, the other is a lower voltage distribution grid, used by all other 
demand groups. The grid is modelled as a technology in order to be able to analyze needs for 
future investments compared to the existing grid. 

Table 14  Central electricity production technologies 

MARKAL Name Energy resource 

EEH1 Existing hydro power, regulable Hydro 

EEH2 Existing hydro power, unregulable Hydro 

EEH3 New hydro power, large Hydro 

EEH4 New hydro power, small Hydro 

EEH5 New hydro power, small, high costs Hydro 

EEHG1 Hydrogen fuel cell Hydrogen 

EEIA Heat recovery pulp industry Waste heat 

EEIB Heat recovery ferro-alloys Waste heat 

EENG1 Natural gas combined cycle Natural gas 

EENG2 Natural gas combined cycle, with CO2 removal Natural gas 

EENG3 Natural gas fuel cell Natural gas 

EEPV Solar-PV electric Solar 

EET Tidal energy Tidal 

EEW1 Wind power, onshore class I Wind 

EEW2 Wind power, onshore class II Wind 

EEW3 Wind power, onshore class III Wind 

EEW4 Wind power, onshore class IV Wind 

EEW5 Offshore Wind Wind 

EEWP Wave Power Wave energy 

EEZ Night storage hydro power regulable  

4.2 Coupled production plants 

The possible technologies for production of both electricity and heat are presented in Table 
15. The heat produced by technologies in different demand sectors can only be used within 
the same sector. These technologies are defined as central energy production technologies 
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since they produce electricity, but they are physically located in the end-use demand sector 
(building). 

Table 15  Technologies for production of both electricity and heat 

Sector MARKAL Name Energy resources

District heat EC1 NGS combined cycle, el & heat Natural gas 

plants EC2 Bio steam turbine, el & heat Bio energy 

 EC3 Municipal waste plant, steam turbine Municipal waste 

Tertiary sector ECCA CHP Tertiary sector Natural gas 

 ECCB SOFC + Gas Turbine (NG fed) Natural gas 

 ECCC SOFC (NG fed) Natural gas 

 ECCD PEMFC + internal reformer (NG fed) Natural gas 

 ECCE NG CHP (ICE) Natural gas 

Industry ECI20 Steam turbine wood industry LTH-I20 

 ECI21 Steam turbine pulp industry LTH-I21 

 ECI241 Steam turbine chemical industry LTH-I241 

 ECI99 Steam turbine other industry LTH-I99 

Residential ECRA SOFC+GT (NG fed) Natural gas 

 ECRB SOFC (NG fed) Natural gas 

 ECRC PEMFC (NG fed) Natural gas 

 ECRD NG CHP (ICE) (rebuilt diesel motor) Natural gas 

4.3 Heat plants 

The possible technologies for central production of heat are presented in Table 15. The heat 
produced by technologies in different demand sectors can only be used within the same 
sector. The technologies in the residential and tertiary sectors are defined as central energy 
production technologies since they need a local heat distribution system that might be 
connected to different boilers, but they are physically located in the end-use demand sector 
(building). The technologies in the industry sectors are defined the same way, due to the close 
connection between heat production and local electricity production, which has to be a 
conversion technology.  

Investments in district heat plants using bio energy, waste or heat pumps, also requires an 
investment in peak load equipment using oil, gas or electricity. This is regulated by 
constraints in the generic MARKAL model. 

As for the electricity grid, distribution of district heat is modelled as a technology, with 
investment costs, residual installed capacity etc. If there are several geographically separated 
district heat grids in a county, they should be modelled as different grids. The secondary 
systems, i.e. the hydronic heating system in different buildings, are included in demand 
technologies. 
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Table 16  Heat production technologies 

Sector MARKAL Name Energy resource 

District  EH1 Oil district heat plant Fuel oil 

heat  EH2 Gas district heat plant Natural gas 

plants EH3 Bio energy district heat plant Bio energy 

 EH4 Waste energy district heat plant Municipal waste 

 EH5 Heat pump, sea water, district heat 
plant 

Sea water and electricity 

 EH6 Heat pump, sewage water, district 
heat plant 

Sewage water and 
electricity 

 EH7 Waste heat district heat plant Waste heat 

Tertiary EHCA Oil Boiler Light fuel oil 

 EHCB Pellets Boiler Pellets 

 EHCC Gas Boiler Natural gas 

 EHCD District Heat Exchanger District heat 

 EHCE Electric Boiler Electricity 

 EHCF Heat pump sea/ground Heat for heat pumps + 
Electricity 

Industry EHIxA1 Oil Boiler Fuel oil 

 EHIxB1 Bio mass Boiler Bio mass 

 EHIxC1 Gas Boiler Natural gas 

 EHIxD1 District Heat Exchanger District heat 

 EHIxE1 Electric Boiler Electricity 

 EHIxF1 Heat pump Heat for heat pumps + 
Electricity 

Residential EHRA Oil Boiler Light fuel oil 

 EHRB Pellets Boiler Pellets 

 EHRC Gas Boiler Natural gas 

 EHRD District Heat Exchanger District heat 

 EHRE Electric Boiler Electricity 

 EHRF Heat pump sea/ground Heat for heat pumps + 
Electricity 

1” x” should be replaced by the number of each industry sector, e.g. EHI15A, EHI15B … 
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5 Processes 

Process technologies (PRC) contain all technologies that transform energy forms into another 
energy forms, except those technologies producing electricity or low temperature heat. Each 
technology may have material inputs and outputs as well as emissions. 

5.1 Bio mass processes 

Bio energy processes convert different forms of bio energy to pellets for use in boilers or 
stoves, production of ethanol and bio-diesel for use as engine fuels and the production of 
hydrogen from bio energy, seeXXX. 

Må samordnes med SINTEF 

 

5.2 Hydrogen processes  

Hydrogen can be produced from bio mass, natural gas, electricity or it is a by-product in 
chemical industry. The production may be local or central, the technology can be electrolysis 
or SMR and the transport mode could be pipeline, ship or local storage tanks. 

Må samordnes med SINTEF/E3-database 

 

5.3 Natural gas processes 

The processes involving natural gas are pipelines, fuelling stations, conversion of natural gas 
to hydrogen and conversion of natural gas to LNG and CNG. There are two natural gas 
pipelines in the model; one “importing” natural gas from other part of the country and one 
distributing natural gas within the modelled county. In addition there is the possibility to 
transport a mixture of natural gas and ethane.  
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Table 17  Process technologies using natural gas 

MARKAL Name Material in Material out 

PFS-LPG Fuelling station LPG LPG NGL 

PFS-NG Fuelling station natural gas NG NGL 

PHC-SMRC-G Central SMR + Gas Tube Trailers + CO2-capture ELC + NG HDO-GT 

PHC-SMR-GT Central SMR + Gas Tube Trailers ELC + NG HDO-GT 

PHL-SMR Local SMR + fuel station ELC + NG HDO-GT 

PNG-CNG Natural gas compression NG CNG 

SNG-PIPE PIPELINE 1 import of natural gas NG NG-PIPE1 

SNG-PIPE2 PIPELINE 2 distribution of natural gas NG NG-PIPE2 

SNG-PIPE3 PIPELINE import of NGS and ethane NG + ETA NG-PIPE3 

SNG-PIPE4 PIPELINE import of NGS and ethane 18inch NG NG-PIPE4 

SNG-SHIP Natural gas to LNG - ship NG LNG-ship 

 

5.4 Other processes 

The energy consumption of refineries is included in the chemical industry. The model does 
not separate refinery products from production in the county from products imported from 
other counties or countries. 

Another type of process is the mixing of ethanol and gasoline to the fuel E85, as shown in 
Table 18. 

Table 18  Other process technologies 

MARKAL Name Material in Material out 

SETHE85 Ethanol and gasoline to E85 ETH + GSL E85 

 



 25

6 Sources of energy carriers 

6.1 Renewable energy resources 

Renewable energy resources consists of biomass, hydro, wind, solar, wave and tidal. In the 
model, also municipal and industrial waste is defined as renewable energy resources, as 
shown in Table 19. 

Biomasse må samordnes med SINTEF! I tabellen er det vist et eksempel på hvordan dette kan 
se ut. 
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Table 19  Renewable resources in the generic model 

MARKAL Name 

RNWBII Bio mass wastes for industries 

RNWBIO1 Forrest biomass class I 

RNWBIO2 Forrest biomass class II 

RNWBIO3 Forrest biomass class III 

RNWBIO4 Forrest biomass class IV 

RNWBIO5 Forrest biomass class V 

RNWBIW Biomass for wood industries 

RNWHYD1 Existing hydropower reg 

RNWHYD2 Existing hydropower run of river 

RNWHYD3 New hydropower reg 

RNWHYD4 New hydropower run of river 

RNWIWS Industrial waste 

RNWMWS Municipal solid waste 

RNWPV Solar potential 

RNWTID Tidal potential 

RNWWDO1 Fire wood 

RNWWIN1 Wind energy potential class I 

RNWWIN2 Wind energy potential class II 

RNWWIN3 Wind energy potential class III 

RNWWIN4 Wind energy potential class IV 

RNWWIN5 Wind energy potential offshore 

RNWWAVE Wave power potential 

 

6.2 Mining 

Offshore use of energy is not included in the model. 

6.3 Import and export of energy resources 

Energy resources may be imported and exported from the different counties and all the 
possibilities are presented in Table 20. The bio energy classes have to be coordinated with 
SINTEF. 
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Table 20  Import and export of energy in the generic model 

MARKAL Name 
EXPELC1 Export of peak power winter day 
EXPELC2 Export of peak power winter night 
EXPELC3 Export of peak power summer day 
EXPELC4 Export of peak power summer night 
EXPELC5 Export of peak power intermediate day 
EXPELC6 Export of peak power intermediate night 
EXPNGE1 Nat. Gas for export 
EXPOIL1 Crude Oil For Export 
IMPBIP1 Imported bio energy 
IMPBIP2 Imported pellets 
IMPCNG CNG 
IMPCOAB Imported HCO 
IMPCOKA Imported COKE 
IMPDHMA Heavy distillate Marin use 
IMPDHOA Heavy distillate. Other mobile use 
IMPDHSA Heavy distillate stat. use 
IMPDLCA Light distillate for cars 
IMPDLMA Marin diesel 
IMPDLOA Light distillate for mobile equipment 
IMPDLRA Light distillate for stat. use rest 
IMPDLSA Light distillate for industry 
IMPDLTA Light distillate for trucks and buses 
IMPELC1 Import of peak power winter day 
IMPELC2 Import of peak power winter night 
IMPELC3 Import of peak power summer day 
IMPELC4 Import of peak power summer night 
IMPELC5 Import of peak power intermediate day 
IMPELC6 Import of peak power intermediate night 
IMPELC1 Import of power 
IMPFGA1 Gas from furnace and coke 
IMPGSLB Imported GSL 
IMPHCOB Imported HCO 
IMPKERA Imported KER 
IMPLPGB Imported LPG 
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Appendix 1 
 

Table 21 Greenhouse area per county in 1999 and energy consumption per county in 1998, 
(Statistics Norway, “Jordbruktellinga 1999) 

 Greenhouse area 
(1000 m2) 

Energy consumption 

 Total With heating Electricity 
MWh

Fuel oil No. 1 
m³

Fuel oil No. 6 
ton 

Gas 
ton

 Østfold 115 105 18 621 1 914   
 Akershus & Oslo 174 166 53 591 3 577  :  -
 Hedmark 64 57 6 070 736 544 -
 Oppland 63 52 4 982 716 - -
 Buskerud 245 234 65 646 2 866  :   :  
 Vestfold 225 208 43 080 3 755  :  -
 Telemark 57 50 6 596 665 - -
 Aust-Agder 55 52 18 942 877  :  -
 Vest-Agder  46 38 14 438 1 009 - -
 Rogaland 551 518 88 861 14 006 133 2 066 
 Hordaland  142 133 36 769 2 104  :  -
 Sogn & Fjordane 17 14 2 703  - -
 Møre & Romsdal   62 54 15 688 1 132  :    -
 Sør-Trøndelag 24 21 11 461 294 - -
 Nord-Trøndelag 89 77 30 332 1 138  :  -
 Nordland 46 34 3 853 509 - -
 Troms 22 17 2 159 186 - -
 Finnmark 6 4 263   :  -
Total 2 003 1 832 424 055 35 484 677 2 066 
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Appendix 2 

Table 22 Demand sectors in the generic regional model 

MARKAL Name 
AGR Final energy demand primary sector 
C50C Wholesale and retail trade - cooling 
C50E Wholesale and retail trade  – non substitutable electricity 
C50H Wholesale and retail trade - heat 
C75C Public services - cooling 
C75E Public services – non substitutable electricity 
C75H Public services- heat 
C80C Education - cooling 
C80E Education – non substitutable electricity 
C80H Education - heat 
C85C Health services - cooling 
C85E Health services – non substitutable electricity 
C85H Health services - heat 
C99C Other tertiary - cooling 
C99E Other tertiary – non substitutable electricity 
C99H Other tertiary - heat 
I15C Food and beverages – cooling 
I15E Food and beverages – non substitutable electricity 
I15H Food and beverages – heat 
I20E Wood and furniture – non substitutable electricity 
I20H Wood and furniture – non substitutable heat 
I21E Pulp and paper – non substitutable electricity 
I21H Pulp and paper – non substitutable electricity 
I241E Chemicals – non substitutable electricity 
I241H Chemicals – heat 
I241R Chemicals – raw material 
I26E Non-metallic minerals – non substitutable electricity 
I26H Non-metallic minerals – heat 
I26R Non-metallic minerals – raw material 
I271E Production of iron, steel and ferroalloys – non substitutable electricity 
I271H Production of iron, steel and ferroalloys – heat 
I271R Production of iron, steel and ferroalloys – raw material 
I273E Production of non-ferrous metals – non substitutable electricity 
I273H Production of non-ferrous metals – heat 
I273R Production of non-ferrous metals – raw material 
I99E Other industry and – non substitutable electricity 
I99H Other industry and – heat 
REL Non-substitutable electricity demand in households 
RCO Cooling demand in households 
RSU New single family houses in urban areas - heat 
RSR New single family houses in rural areas - heat 
RTU New multi family houses in urban areas - heat 
RUU Existing single family houses in urban areas - heat 
RUR Existing single family houses in rural areas - heat 
RVU Existing multi family houses in urban areas - heat 
TBD Buses – long distance  
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TBL Buses – local 
TCU Cars – urban areas 
TCR Cars – rural areas 
TF Fleet vehicles 
TPM Production machinery 
TR Railway 
TT Trucks 
TWS Ship 
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