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Abstract – National energy sector management differs from country to country. Therefore, it 

is important to develop country-specific energy models to analyse the energy demand, 

structure and potential policy instruments. The paper presents a pathway for adaption and 

improvement of the standard TIMES model structure to the specific country requirements. 

The analysis is based on a three-sector (industrial, commercial and residential) case study of 

Latvia. Literature review presents experience of other research when developing different 

energy models as well as adapting the TIMES model structure. The main results show a 

distribution of the final energy consumption and the validation of the obtained results of the 

sectors studied. Method and intermediate results presented in the paper are part of an 

ongoing modelling process of Latvia’s energy sector.  

Keywords – Energy system modelling; final energy consumption; optimization bottom-up 

model, TIMES model. 

1. INTRODUCTION  

Consequences of global warming have become more realistic and more prominent in all 

regions. Therefore, policy makers implement various laws, regulations, policy measures and 

other regulatory frameworks to limit increase of the global average temperature. Energy 

production is one of the main driver of global warming which is related to all other sectors. 

Different energy models can play a crucial role when developing energy planning strategies. 

Researchers from China have created the multi-sectoral energy model merging electricity, 

transportation, heat and industrial sectors to model decarbonisation of an energy system [1]. 

Often researchers combine different types of models, for example, technically detailed 

bottom-up and top-down models that simulate demand and prices on energy [2], [3]. The 

system dynamic approach has been used to model the transition from fossil fuels to renewable 

energy resources by taking into account different techno-economic parameters, political and 

social aspects, as well as human behavior [4]. 

In many countries, sector-specific energy models have been developed, for example, the 

household sector model which analyses and evaluates implementation of renewable energy 

systems for regional demand [5]. Many simulations are performed to identify heat demand 

and to simulate future demand by clustering of the residential sector in the UK [6]. Also in 

Quebec (Canada), electricity supply of households, which are already low-carbon, have been 

modelled by combined building model simulations to investigate mitigation opportunities of 

greenhouse gases (GHG) [7].  
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Less models have been developed for the industrial sector. Researchers have modeled the 

potential energy savings and decrease of CO2 emission in iron and steel industry by using a 

bottom-up linear optimization model [8]. Another bottom-up model has been developed for 

industrial sector of Denmark [9]. The highly technologically detailed FORECAST bottom-up 

model has been created to simulate energy perspectives and develop scenarios for energy 

sector decarbonisation [10]. 

In many countries, researchers have used the Integrated MARKAL-EFOM System (TIMES) 

model generator to analyse local, national and global energy systems and potential to reach 

the climate targets. In most cases, the basic sectoral structure of TIMES needs to be adjusted 

and modified to represent the country-specific energy system. German researchers have 

developed the TIMES model to improve decision-making related to investments. In the 

adapted energy model, the country is divided into four regions, but investors – into three 

groups depending on the costs of capital and budget restr ictions [11].  

The energy system model has also been created for Denmark. The model divides the country 

into two energy regions – Denmark East and Denmark West and covers five sectors – supply, 

power and heat, industrial, residential and transport. The year has been divided into 32 time 

slices representing four seasons, weekly and daily variations. That increases the variability of 

the model regarding heating demands, availability of intermittent renewable energy sources 

and technologies like solar PV and wind turbines. In addition, efficiency of large-scale heat 

pumps is assumed to be dependent on outdoor temperature. Import and export prices are 

divided into 32 time slices as well. Authors divide the residential sector according to the 

building type and construction period, district heating (DH) area and regions resulting in 36 

building groups. In contrast, the industry sector is divided into 12 sectors, covering primary, 

secondary and tertiary sectors. Transport sector has two large groups – passenger and freight, 

divided into aviation, maritime and inland. Inland passenger transport has been divided into 

eight modes including cars, buses, railway, motorcycle and non-motorised modes like 

walking and biking [12].  

British researchers have developed a model framework in the UK for residential sector in 

TIMES to analyse homeowner preferences for heating technologies. Households were divided 

into three groups depending on number of bedrooms and into four groups depending on the 

existing heating technologies – gas heaters, electric heaters, heat pumps and solid fuel boilers. 

In this model 16 time slices have been used representing four seasons and four day splits [13].  

Although TIMES is a powerful modelling tool, some articles discuss the need to take into 

account not only technology development but also feedback loops, social behavioral changes 

and other factors [14]. Some TIMES models have been improved by adding consumer 

behavior in the optimization model using social surveys [13], [15], [16].  

Models are important to increase the quality of research, reduce duplication of work, and 

there are other benefits [17]. Above all, a representative model is based on the transparency 

and availability of data. Therefore, this paper presents the TIMES model structure of three 

different sectors and the methodology, which has been used to determine energy consumption 

division for different end-use processes. 

The main aim of the paper is to present structural adoption of the TIMES model to industrial  

(IND), commercial (COM) and residential (RSD) sectors of Latvia. The article also presents 

the necessary data gathering. Along with sectoral specific changes this structure can be adopt 

to other countries. As far as authors know this is the first TIMES model of Latvia case. 

Previously there were used MARKAL and MARKAL-TIMES models for Latvia. 
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2. METHODOLOGY 

This section presents the methodology for adopting and adjusting the TIMES structure to 

Latvia’s IND, COM and RSD sectors. 

TIMES vertically integrated model generator is used to model different energy systems - 

local, national or global. It aims to find the minimum global costs for energy services 

considering different input data: energy service demands, estimates of the existing energy 

stocks, properties of the existing equipment and future technologies. Furthermore, TIMES 

allows to analyse different energy and environmental scenarios and policy measures  [18].  

2.1. Industry sector 

Latvia is a part of the European Union emission trading system (ETS). Therefore, energy 

demand of almost each IND sector in Latvia has been divided into ETS sector and non-ETS 

sector consumption (see Table 1). The ETS system of Latvia mostly covers power plants and 

other incineration plants with nominal thermal input of more than 20 MW. Also specific 

equipment, like coke ovens, iron and steel, cement clinker and others technologies , are 

included in the ETS system [19]. In 2017, the ETS sector covered around 15.5 % of the total 

resource demand in Latvia equal to 5561 TJ. Non-ETS covered the rest of demand, i.e. 84.5 % 

or 30335 TJ [20].  

TABLE 1. IND SUB-SECTORS IN LATVIA 
 

1 2 3 4 5 

 

1 2 3 4 5 

Iron and steel            ˅ ˅ ˅ ˅ Mining ETS     ˅ ˅   

Iron and steel ETS          ˅ ˅   Paper, pulp and print (Paper) 

 

˅ ˅ ˅ ˅ 

Chemical and chemical 

products (Chemical)           

˅ ˅ ˅ ˅ ˅ Wood and wood products 
(Wood processing) 

˅ ˅ ˅ ˅ ˅ 

Chemical ETS                 ˅ ˅   Wood processing ETS                          

 

˅ ˅ 

 

Non-ferrous metals                              ˅ ˅ ˅ ˅ Food and tobacco                              ˅ ˅ ˅ ˅ ˅ 

Non-metallic minerals                           ˅ ˅ ˅ ˅ Food and tobacco ETS     ˅ ˅   

Non-metallic minerals ETS                      ˅ ˅   Construction                                  ˅ ˅ ˅ ˅ ˅ 

Transport equipment                           ˅ ˅ ˅ ˅ ˅ Construction ETS     ˅ ˅   

Transport equipment ETS                ˅     Textile and leather (Textile)                            ˅ ˅ ˅ ˅ 

Machinery                                       ˅ ˅ ˅ ˅ Textile ETS         ˅ ˅   

Mining and quarrying 

(Mining)                    

  ˅ ˅ ˅ ˅ Other – rubber, plastic 

furniture and others (Other)                        

˅ ˅ ˅ ˅ ˅ 

1 – feedstock, 2 – machine drive, 3 – process heat, 4 – building heat, hot water,  

5 – cooling, lighting, ventilation, other 

Five different end-use processes have been analysed in the IND sector: feedstock, machine 

drive, process heat, building heat and hot water, and other processes, including cooling, 

lighting and ventilation (Table 1). For some sectors (Chemical production, Transport 

equipment) all processes have been analysed but for sectors included in ETS only two 

processes (process heat, building heat and hot water) have been included due to specific 

plants.  

To determine a share of the total energy sources used for each process, authors used the 

data from the IND energy audits carried out in the period 2016–2018. The energy balances 
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from 122 different enterprises have been analysed to identify the distribution of various 

energy sources.  

2.2. Commercial sector 

There are different buildings and resulting consumption levels of energy resources in the 

COM sector. Therefore, it has been divided into seven sub-sectors (see Table 2) based on the 

building classification [21].  

Resource consumption for almost all COM sub-sectors has been divided into ten processes:  

heating, cooling, cooking, lighting, public lighting, refrigeration, ventilation, water heating, 

office equipment and other. New process of heating and cooling demand was created – heating 

and cooling area (m2) to add more precise policy measures directly to energy efficiency of 

specific buildings. To ensure correct process development in TIMES model, heating and 

cooling processes have been separated as pre-process for heating and cooling area which now 

have been defined as end demand (see Fig. 1).  

TABLE 2. COM SUB-SECTORS IN LATVIA 

Sector 

Total energy consumption in 

2017 

Total area in 2017 

TJ % m2 % 

Wholesale and retail buildings (Retail) 4085 16.04 4920 15.90 

Office buildings (Offices) 4893 19.21 6510 21.03 

Hotel buildings (Hotels) 2511 9.86 2310 7.46 

Schools, universities and research buildings 
(Educational) 

5144 20.20 6940 22.42 

Buildings for medical or health care facilities 
(Medical) 

2281 8.96 2020 6.53 

Entertainment event, sports buildings, museums, 

cultural buildings, cultural and historical sites 
(Entertainment) 

2506 9.84 3320 10.73 

Other – garages, communication centres, stations, 

terminals etc. (Other) 

3344 13.13 4930 15.93 

COM ETS 704 2.76 – – 

Total 25 468 100.00 30 950 100.00 

Similar to other demand processes, demand for heating and cooling area (m2) has been 

affected by demand drivers like GDP growth and elasticity for evolution with GDP. Specific 

plants appear in COM sector as ETS participants. Those mainly ensure different 

manufacturing processes. In TIMES model, they have been divided separately with similar 

processes to IND sector – process heat and building heat, and hot water (Fig. 1). 

The available statistical data only presents the total consumption of primary energy sources, 

and heat and power consumption in overall COM sector. Therefore, the specific consumption 

for different end use purposes has been determined through several  assumptions and 

calculations.  
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Fig. 1. Process scheme of COM sector. 

The main input data for calculations is the total floor area of different types of buildings – 

offices, hotels and restaurants, schools, universities and research buildings (education), 

hospitals and buildings for health care facilities (medical), buildings for entertainment even ts 

and sports, museums, cultural and historical sites (entertainment) and other not previously 

classified buildings. Table 3 summarizes the main assumptions related to energy consumption 

distribution. 

TABLE 3. ASSUMPTIONS FOR ENERGY DISTRIBUTION IN COM SECTOR 

Parameter 
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Share of heated area  85 % 80 % 75 % 80 % 80 % 70 % 30 % 

Specific heat consumption for space 

heating, kWh/m2 

       

Existing buildings 130 140 135 160 160 150 120 

Renovated buildings 110 

Newly built buildings 100 

Specific heat consumption for hot 

water heating, kWh/m2 

10 10 35 21 24 10 5 

Share of mechanically ventilated area 

       

Existing buildings 60 % 50 % 50 % 30 % 50 % 30 % 30 % 
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Renovated buildings 70 % 70 % 70 % 50 % 70 % 60 % 40 % 

Newly-built buildings 80 % 80 % 80 % 60 % 80 % 70 % 50 % 

Power consumption for ventilation, 

kWh/m2 
20 20 20 20 30 30 20 

Share of building area with space 

cooling 

       

Existing buildings 40 % 50 % 60 % 40 % 40 % 20 % 5 % 

Renovated buildings 60 % 70 % 70 % 50 % 70 % 60 % 5 % 

Newly built buildings 80 % 80 % 80 % 60 % 80 % 70 % 20 % 

Specific cooling consumption, 

kWh/m2 
53 53 40 40 53 40 20 

Average minimum level of 

illumination, lux 

369 383 314 352 457 325 291 

Specific power consumption for 

lighting, kWh/m2 

29 14 12 10 34 13 20 

Heat consumption for the space heating has been calculated by assuming different levels of 

building efficiencies (specific heat consumption for space heating) according to available data 

sources [22], [23], [24]. The renovated and newly built buildings have been separated as those 

are subject to the specified standards [25]. As it is not necessary to maintain a certain indoor 

temperature throughout all the buildings, authors assume that only part of the total area is 

heated. The specific consumption for domestic hot water has been estimated to be greater in 

hotels and hospitals [26], as there are high washing and cleaning standards applicable. 

Some of the buildings are mechanically ventilated to provide the necessary air exchange. 

Mechanical ventilation is assumed to be more widespread in the new and renovated buildings 

than in the existing buildings. Power consumption for the ventilation has been calculated 

similarly as space heating consumption by assuming the share of mechanically ventilated area 

and the average power consumption for ventilation [27]. Higher values have been assumed 

for medical and entertainment buildings as these buildings have higher requirements for air 

exchange rate. 

Power consumption for space cooling has been determined according to the methodology 

presented by Werner [28]. Similar to previous estimations, authors assume the share of the 

total area, which is cooled during the warmer periods, and the specific cooling consumption 

of the particular type of building. Higher cooling demands have been assumed in the retail, 

office and medical buildings [29].  

The specific power consumption for lighting has been determined through the minimum 

level of illumination requirements for different types of buildings [30].  

 

 
,·i i j

lighting

j

Il
SPC





= , 

where 

Ili  illumination requirements in building type i, lm/m2;  

βi,j share of specific luminaries j used in buildings i; 

ηj  efficiency of luminaries j, lm/W.  
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Authors assume that three different types of luminaries are used in COM buildings – LED 

lighting (average share 44 %; average efficiency 100 lm/W), efficient luminaries including 

luminescent and halogen lamps (average share 43 %; average efficiency 56 lm/W) and 

inefficient luminaries (average share 13 %; average efficiency 15 lm/W) [31]. 

In addition, power consumption for public lighting has been estimated through the 

correlation analyses (see Fig. 2). Authors have identified power consumption for the public 

lighting in several cities and towns, mainly presented in the sustainable energy action plans 

of municipalities. 

 

Fig. 2. Regression analyses of power consumption for public lighting depending on the populated area. 

As can be seen in Fig. 2, there is a good correlation between power consumption for the 

public lighting and the city or town area. Application of the regression equation allows 

estimating the total power consumption for public lighting in all populated areas and includes 

it in the overall energy balance of COM sector.  

2.3. Residential sector 

The RSD sector was divided into two sections – single-family houses and apartment 

buildings, as both use different energy resources and differ in their consumption. It is assumed 

that the single-family houses are not connected to the DH network, but part of the apartment 

buildings are connected to centralised heat supply.  

Processes analysed in TIMES model for RSD sector are heating, cooling, water heating, 

refrigeration, lighting, cooking, electrical appliances and other applications. New heating and 

cooling sub-processes are created similarly to the COM sector. This helps to overcome 

technology linking to a specific type of building and allows to add policy measures related to 

energy efficiency of buildings more precisely. 

In addition, heating and cooling processes have been defined as pre-processes whereas the 

rest of the processes like cooking, lighting and others are marked as the final demand and will 

be analysed in different scenarios. There are also researches where surface area of the 

dwelling stock have been set as a demand driver for heating in the RSD sector but it is not 

applied in the particular research [32]. 
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Fig. 3. Process scheme of RSD sector. 

3. RESULTS 

This section presents intermediate results for the base year of 2017 – the used input data and 

resource allocation for different processes, as well as validation of the model. 

3.1.  Data gathering 

3.1.1. Industrial sector 

The IND sector is the third largest energy consumer in Latvia compiling 21 % of the total 

final energy used in 2017 of which 38 % were wood biomass, 18 % electricity, 14 % oil 

products and 13 % natural gas. IND sector in Latvia consists of 13 sub-sectors, of which the 

most part of energy is used in manufacturing of wood and wood products.  

Fig. 4. Power consumption structure in IND sub-sectors. 

Power consumption in the IND sector in the TIMES model has been divided into two large 

parts – electricity used for machine drive, to ensure manufacturing processes, and auxiliary 

processes – cooling, lighting, ventilation and other power consuming processes. In  most of 

the IND sub-sectors, around 77 % to 81 % of power is used for machine drive (see Fig. 4). 

Higher share of electricity consumption for machine drive is in the sub-sectors of non-metallic 

minerals and wood processing industries. In contrast, the lower share of electricity for 

machine drive is in food and tobacco production – only 54 %.  
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Fig. 5. Heat consumption structure in IND sub-sectors. 

Heat consumption in the TIMES model has been divided into thermal energy used for space 

heating and hot water preparation, and process heat that is used for manufacturing processes. 

Differences in heat consumption division in sub-sectors are more significant compared to 

power consumption (see Fig. 5). In some sub-sectors, less than half of the heat is used for 

process heat (transport equipment production). Nevertheless, there are sub-sectors where even 

more than 90 % of heat have been used for production processes – non-metallic minerals 

production and mining.  

3.1.2. Commercial sector 

The COM sector used 15 % of the total final energy in 2017, equal to 25 PJ. COM sector 

has been divided in seven sectors based on building classification [21]. Power is the main 

resource used in the COM sector reaching almost 10 PJ and 43 % of the total final electricity 

consumed in 2017. Also 27 % of the total final natural gas consumption, equal to 3.8 PJ, was 

used in the COM sector, where most of it was consumed in educational buildings and offices 

(see Fig. 6). 

  

Fig. 6. Resource consumption structure in COM sub-sectors in 2017 [20]. 

Electricity consumption structure differs in COM sub-sectors (see Fig. 7). In retail 

buildings as well in buildings for medical facilities and entertainment, most of the electricity 

is spent for lighting. In office buildings, the office equipment consumes the most power but 

in hotel and educational buildings most of it is used for water heating. 
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Fig. 7. Electricity consumption structure in the COM sector. 

DH and primary energy sources have been used for three processes – water heating, space 

heating and other processes like cooking. In almost all COM sub-sectors, heating has mainly 

been used for space heating and only a small share for water heating.  

3.1.3. Residential sector 

The second largest part of the final consumption is dedicated to RSD sector, reaching 29 %. 

Most of it was wood biomass consumption, equal to 21 PJ, of which 38 % was used in single-

family houses and 62 % in apartment buildings (see Fig. 8a). 

 

 
 

                                         a)                              b) 

Fig. 8. Resource consumption structure (a) and structure of power consumption (b) in RSD sector in 2017. 

The structure of electricity consumption is similar in single-family houses and apartment 

buildings, as consumer behaviour is not depending on the building type. According to 

Eurostat [33], largest share of electricity, i.e. 30 %, is consumed for different electrical 

appliances (TV, radio, mobile charging etc.), 20 % is used for water heating, 18 % for 

cooking, 15 % for lighting and 13 % for heating (see Fig. 8b). 
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3.2.  Model validation 

In order to validate the developed structure of TIMES model, the modeled results of year 

2018 have been compared to the national energy balance. The comparison of statistical data 

and modelled results can be seen in Fig. 9. The total primary energy consumption difference 

in RSD and COM sectors is around 3 %, but for IND sector the modeled primary energy 

consumption and actual consumption are equal. 

  

Fig. 9. Validation results analysed in residential, commercial and industry sectors for year 2018. 

When evaluating the consumption of particular energy sources the difference of modeled 

results and statistical data is more prominent. In the RSD sector, the main variance occurs for 

coal and wood pellet consumption, which is higher in the actual energy balance of 2018 and 

LPG, which is higher in TIMES model. Similar tendency occurs in COM and IND sectors for 

coal. TIMES model also forecasts slightly higher increase of power consumption in IND 

sector than the actual power consumption increase. Such differences arises because the main 

aim of the model is to optimize the final energy consumption by choosing most efficient 

technologies and cheapest energy sources which is not always happening in real life. Further 

validation process could include the comparison of the results for two-year period (2018 and 

2019) when the energy balance for 2019 will be available. 

4. CONCLUSIONS 

 It is important to build up an energy model that represents a country-specific situation. The 

paper presents the methodology for structure adaption of TIMES model for industrial (IND), 

commercial (COM) and residential (RSD) sectors in Latvia. Authors have identified the 

necessary structure changes of standard model to build a representative sectors` models. The 

methodology presents different methods which allows to overcome lack of specific data 

related to final energy consumption in particular processes. These methods can be used in 

other countries when developing similar forecasting models. 

The intermediate results include energy resource consumption in each of the sectors divided 

among particular end-processes. The main processes in the IND sector are machine drive and 

process heat to ensure manufacturing processes, power consuming auxiliary processes 

(cooling, lighting, ventilation and other) and space heating, and hot water preparation. The 

COM sector has been divided in 7 sub-sectors depending on the functions of particular 

buildings (educational, medical, retail, hotel, entertainment, offices and others). Ten different 

end-processes have been included in the COM sector model. The RSD sector is divided into 
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two groups – single-family houses and apartment buildings with similar end-processes as 

those in the COM sector. 

The obtained results have been validated by comparing modelled and actual data for year 

2018. The validation shows that modelled primary energy consumption of analysed sectors 

are comparable with the historical data. Therefore, the proposed structure can be used for 

sectors` energy consumption modelling.  

Further research will be performed to analyse agriculture, transport and power sectors and 

to develop an overall energy system model of Latvia. To build up comprehensive energy 

system model additional research could include the combination of TIMES model with other 

methods like top-down modelling. 
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