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Rapid growth in global population and human activity create enormous increase in GHG 

emissions. Heat and electricity production account 25% of global CO2 emission. To 

overcome this problem, the use renewable energy, enhancing energy efficiency and 

electrification of various sector are important. 

 

In this study, 100% renewable energy system for South Savo were studied. It mainly relies 

on biomass, solar PV, wind energy and hydropower to fulfil energy demand in heat, 

electricity and transport sector. Local resource potential and future energy demand were 

evaluated, including the hourly generation and demand. This method used in consideration 

of fluctuations in actual demand and supply. It is important to guarantee sufficient energy 

supply for every hour in the year.  

 

EnergyPlan tools employed to model the energy scenarios. Various scenario developed to 

evaluate different aspect of the system. This includes generation technology and capacity, 

fuel consumption, electricity production and consumption and annual investment cost. The 



 

 

results show that 100% renewable energy system in the South Savo region is possible. In 

terms of cost it is found to more feasible to allow small portion of electricity import in order 

to reduce excessive investment in generation capacity.  
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1 INTRODUCTION 
 

1.1 Background 

Rapid growth of human population implicated in the increase of human activity, especially 

in the heat and electricity generation, agricultural & forestry and industry. These are three 

main human activity which contribute the most to GHG emissions. Electricity and heat 

production account for 25% in global CO2 emissions, followed by agricultural and forestry 

and other land use by 24% and the third highest emission is industry sector with 21% share 

(IPCC, 2014). 

 

There are three main things can be done to reduce this emission significantly, which are 

deployment of renewable energy, increasing energy efficiency and electrification. Energy 

generation from renewable energy become more feasible due to technology maturity and 

positive learning curve which implicate significantly in the investment cost. In solar PV 

technology for example, the LCOE predicted to experience reduction from 30% to 50% at 

2030 compared with the current price (Vartiainen, et al., 2015).  

 

Development of renewable energy in global scale proven by substantial growth of electricity 

production from 3470 TWh to 4970 TWh from 2006 to 2015. Furthermore, it was estimated 

that in 2030 it will reach 7705 TWh (Arent, et al., 2011) or more than double the production 

rate in 2006.  

 

In the national level Finland shows promising results in developing renewable energy. EU 

has set strict target for renewable energy adoption for each country members which Finland 

was able to realize six years faster than the actual deadline in 2020. In Europe, the country 

positioned as second in renewable energy use share where it utilized majority in electricity 

production and district heating. Hydropower, biomass and wind power are three largest 

renewable energy resources which used in this country. It is expected in 2030 that electricity 

generation will increase up to 90% with the increasing capacity of nuclear power and 

renewables (Kostama, 2018).  
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In the regional level South Savo is blessed with abundant resources from the forest which is 

the largest in whole Finland. It becomes one of the most important economic activity beside 

food and water (East and North Finland EU, 2018). Related to energy generation, waste from 

the forest and logging industry plays important role in supplying biomass fuel to the CHP-

district heating plant. In 2015, forest industry by-product able to supply 1176 GWh quantity 

of biomass for heat and electricity generation (Karttunen, et al., 2017). 

 

1.2 Objective and research question 

Objective of this research is to create sustainable energy system for South Savo in 2040. In 

order to do that, available resource potential also current and future energy demand shall be 

identified. The future energy model will be constructed using EnergyPlan tools based on 

hourly analysis time-step to represent the actual dynamic of demand and supply. Important 

to note that the future energy system will involve intermittent energy generation which also 

implies the importance of energy storage. CO2 emissions and annual cost also an important 

factor to be evaluated. 

 

There will be several research questions addressed in this report as follows: 

1. Is it possible for South Savo to be energy independent using 100% sustainable energy 

resources? 

2. What kind of generation technology will be suitable for the energy system? 

3. Is this new energy system feasible economically compared to the current energy system? 

4. What kind of technology can be applied to create sustainable transport system, efficient 

heat production and energy storage in South Savo? 

 

1.3 Report structure 

Structure of this report are as follows: 

x Chapter 2 outlined the energy status in South Savo for the current situation, which use 

2015 as reference. It describes energy requirement for the sector of electricity, heating, 

fuel and transportation. 
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x Chapter 3 describe data collection process to create energy model of South Savo which 

covers current demand, RES supply, future demand, design of scenario and cost 

assumption. 

x Chapter 4 will explain the analysis result, including generation capacity, fuel, electricity 

production and consumption, annual investment cost and FLH. It will be followed by 

discussion on how such result achieved. 

x Chapter 5 will provide answers to the research question and provide recommendation 

for future study.
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2 ENERGY STATUS FOR SOUTH SAVO 
 

2.1 Overview of South Savo Region 

Region of South Savo is located in the south-east of Finland. With a total area around 19 000 

km2 it is the eight largest area among regions in Finland. It comprises of 14 municipalities 

with the three largest are Mikkeli, Savonlinna and Pieksämäki. In 2015 there are 150 484 

inhabitants in the area with total building number of 58 101. There are 163 753 vehicle stock 

which mainly consist of automobiles (Tilatokeskus, 2018).  

 

Economic activity in the region mainly focus on forest, water and food industry. Wood from 

the forest are used to supply logging and pulp and paper industry. In the future the region 

also concentrates on biofuel and biochemical development. Water treatment technology also 

developed for household and industrial purposes in the laboratory of green chemistry. In the 

food sector, development is focused on food chain safety by implementing digital technology 

to provide traceability in the produced organic food.  

 

2.2 Energy Supply and Demand 

In 2015 the total electricity demand is 1654 GWh with the largest demand of 757 GWh for 

household and agriculture sector, while the rest are industry (414 GWh) and service and 

public (483 GWh) demand. For heating sector, the total demand is 2547 GWh with the 

consumption for district heating (923 GWh), individual space heating (863 GWh) and 

industry (761 GWh) sector. The energy conversion process and distribution losses were 

estimated to be 1183 GWh. In the transport sector, the annual consumption is 1651 GWh 

with the composition of petrol (577 GWh), diesel (942 GWh) and small amount of biofuel 

(132 GWh) (Karttunen, et al., 2017). To give better understanding on the energy 

composition, all above data are presented in the graphical form in Figure 1 below.  

 

In the transportation sector, South Savo have unique vehicle composition. After automobiles 

which dominating at about 56%, the second largest fleet is tractor at 10,6%. This have to be 

taken into account when designing future energy system, as a tractor may have very different 

utilization cycle compared to passenger cars.  
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Figure 1: South Savo energy demand for 2015 with 7035 GWh total consumption (Karttunen, et al., 2017) 

 

From supply side, the largest energy supply in South Savo comes from biomass. There are 

various types of biomass that typically produced. The largest are logging residue which reach 

1176 GWh. Some comes as forest biomass and firewood, each supplied around 800 GWh. 

Peat also plays role on the biomass supply chart for 380 GWh. Small amount of wood pellets 

and recycled wood are produced for 25 GWh and 19 GWh respectively. In total, biomass 

supply reach 3267 GWh in 2015 (Karttunen, et al., 2017). 

  

Oil fuel comes in the fourth position at 656 GWh after transport oil (1651 GWh) and 

electricity import (1292 GWh). This oil fuel consists of light oil fuel (626 GWh) and heavy 

fuel oil (30 GWh) (Karttunen, et al., 2017). Majority of the light oil are used for the industrial 

and individual space heating, while heavy oil mainly used for CHP and boilers. These supply 

data are presented in the graphical form as shown in Figure 2 below. 
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Figure 2. South Savo energy supply for 2015 with 7035 GWh total amount (Karttunen, et al., 2017) 

 

2.3 Electricity Production 

Electricity production is mainly a national policy and it is common for electricity exchange 

between regions. Data in 2015 shows that most of the regions of in Finland are importing 

electricity from another area. As seen in Table 1, there are only four regions which are 

surplus in electricity, they are: Satakunta, Kainuu, Lappi and Pohjanmaa. Other regions, 

including South Savo are a net importer. This uneven generation capacities are expected 

since condition in each region are different. For example, Lappi region is good for 

hydropower generation, coastal area like Satakunta and Uusimaa are fit for nuclear power 

plants.  

 

Specific for South Savo, from total electricity production of 368 GWh, 262 GWh of it were 

come from CHP-DH generation. Hydropower comes after that with 46 GWh and CHP-

Industry at 26 GWh. Chart in Figure 3 show the electricity production structure of South 

Savo in 2015. 
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Table 1: Electricity exchange data for regions in Finland in 2015 (Hakala, 2018 ) 

Regions  Electricity (GWh) 
Production Consumption Exchange 

Satakunta 16842 5666 11176 
Kainuu 1830 1057 773 
Lappi 7701 7015 686 
Pohjanmaa 3689 3092 597 
Ahvenanmaa 70 261 -191 
Pohjois-Pohjanmaa 5398 5775 -377 
Uusimaa 14823 15516 -693 
Pohjois-Karjala 1634 2735 -1101 
Etelä-Karjala 3803 5005 -1202 
Etelä-Savo 368 1654 -1286 
Päijät-Häme 728 2141 -1413 
Etelä-Pohjanmaa 543 2002 -1459 
Kymenlaakso 3017 4606 -1589 
Kanta-Häme 236 2096 -1860 
Keski-Pohjanmaa 159 2132 -1973 
Pohjois-Savo 1004 3190 -2186 
Varsinais-Suomi 1038 4757 -3719 
Keski-Suomi 1658 5470 -3812 
Pirkanmaa 1589 5853 -4264 

 

 

 
Figure 3: Electricity production in South Savo for 2015 with 1660 GWh total supply (Hakala, 2018 ) 
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2.4 Energy Policy 

2.4.1 National Policy 

The National Renewable Energy Action Plan (NREAP) for Finland is derived from EU 

Renewable Energy Directive. The target for 2020 are to boost renewable energy adoption to 

38% in gross final energy consumption and 20% of the share is specific for transportation 

sector. To meet the target, Finland required 124 TWh of renewable energy for the purpose 

of heating and cooling (47%), electricity (33%) and transportation (20%) (International 

Energy Agency, 2013).  

 

It is expected that biomass will supply the majority of the energy demand, as high as 103 

TWh. These biomasses are originated from energy wood, logging residue and by-product of 

pulp and paper factory. Some challenges identified in the energy wood procurement due to 

high harvesting cost. Broader use of biomass also evaluated by the authorities of Finland, by 

converting it to bio-synthetic natural gas. It is expected to substitute 10% of the domestic 

natural gas supply, realistic increase from current use in 2015 of 4,6% (Nicolae , et al., 2018).   

 

In the hydropower sector, future development is limited as the nature conservation law not 

permitting additional large hydropower projects. In 2020 the production target is 14 TWh, 

0,4 TWh increase from 2005 production. Target of 9 TWh of electricity generated from wind 

energy in 2025 appears to be achievable, as of 2016 the annual electricity generation already 

reach 3 TWh (International Energy Agency, 2017). The government offer supports for wind 

power development by providing financial incentives, design and permit procedures 

improvement. 

 

2.4.2 Electricity 

Premium feed-in tariff was introduced in 2011 for electricity generated from renewable 

resources with guaranteed price of €83,5/MWh.  There are two scheme type of premium, 

price gap subsidy and wood chips subsidy.  In the first type premium, the producers are 

supported by subsidizing the gap between technology target price and average of three 

months spot price. This type of subsidy specifically applied for generation from biogas, wind 
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and small-scale CHP which use wood fuel. The second premium provides support by 

subsidizing electricity generation from wood chips, in order to reduce the use of peat.   

 

Government of Finland has provided about €120 million of financial support to these feed-

in scheme. The number is expected will increase to €250 million in 2020.  Another supports 

also given to promote the development of offshore wind energy, as much as €20 million and 

expected to increase the generation capacity to minimum of 50MW.  

 

2.4.3 Heating  

Heating as well as cooling sector are the largest target for renewable energy adoption in 2020 

for Finland. The government promoting renewable in this sector by providing interesting 

feed-in premium of €50/MWh and €20/MWh for heat generated from CHP plant with biogas 

and wood fuel respectively. To be eligible, the CHP plant shall have at least 75% of overall 

efficiency for capacity above 1 MW and 50% overall efficiency for plant with capacity less 

than 1 MW (Parliament of Finland, 2010). 

 

In Finland, the Energy Investment Aid provide financial supports for production heat from 

renewables. The main target is to replace oil fueled boiler with heating system based on 

wood. Another support in the form of investment grants also provided for heat generation 

by heat pumps. The application is particularly in a building renovation, replacing older oil-

based heating system. Since 2012, in the calculation of total energy consumption of a 

building, energy consumed by the heat pump system can be taken into account.  

 

2.4.4 Transport Fuels 

Target for biofuel utilization is set at 20% in 2040 (Parliament of Finland, 2007), increasing 

significantly from 2,8% in 2010 (International Energy Agency, 2013). The first-generation 

biofuel which derived from food crop receive 50% CO2 tax reduction while the second-

generation biofuel that derived from lignin and cellulose receive 100% reduction. In the 

calculation of biofuel target use, the second-generation biofuel and biofuel production from 

waste can be counted as two times quantity (European Council, 2009).  
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In 2007, Tekes - the Finnish Funding Agency for Technology and Innovation, launched 

BioRefine project. The purpose is to encourage development of biorefineries through 

cooperation between forestry and energy company. From 2007 to 2012, it was estimated that 

about €250 million of funding are used for research in this area. 
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3 ENERGY SYSTEM MODEL BUILDING 
 

This chapter will outline the model building processes. It will start with the required input 

data to the model, methods used to build, and type of software tools used. The future energy 

model will involve intermittent energy generation from river hydro, solar PV and wind 

energy. To incorporate this the model will be made in hourly time-step. Heat and electricity 

demand will also be supplied in hourly basis data.  

 

3.1 Demand 

There are two main set of demand data required for this analysis, hourly electricity and heat 

demand. Challenges come as mostly these data are only available at the national level.  

3.1.1 Electricity 

The hourly electricity demand data comes from one of the largest energy company in the 

region, Etela-Savon Energia (ESE) Verkko Oy. Unfortunately, this company can only 

provide data for Mikkeli area. Since Mikkeli is the most populated municipality in the region, 

it is considered adequate to use this municipality level data to represent the whole South 

Savo region. This data comprises 8784 items for each hour in the year (Lund , 2015) as 

shown in Figure 4 below.  

 

 
Figure 4: Hourly electricity demand for South Savo for 2015 
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3.1.2 Heat 

Different source of data was used for heating demand distribution. It was originated from 

Pursiala Power Plant, located also in Mikkeli. This is a CHP power plant with maximum 

capacity of 28,7 MW for electricity production and 54,4 MW for district heating capacity. 

Using hourly plant production history data from 2015, heat production data were extracted. 

These hourly heat production data is considered sufficient to represent South Savo’s regional 

heat demand data as shown in Figure 5 below. There are minor adjustments to the data as 

the plant having total shut down for maintenance activity.  

 

 
Figure 5: Hourly heat demand for South Savo for 2015 

 

3.2 Supply 

Solar PV, wind and river hydro are generating electricity not in constant rate, but in 

intermittent pattern. It fully depends on the weather and climate condition in each specific 

location. To find out the potential in South Savo region, solar PV and wind hourly data are 

gathered from the Finnish Meteorological Institute. Important point to note is the FLH, 

where it defines how much the generator are working in full capacity in a year. This means 

the higher the number, more electricity generated for each year.  
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3.2.1 Solar PV 

From six weather station which the Finnish Meteorological Institute own, shown by the blue 

dots in Figure 6 below, the closest to South Savo region is located in Jyväskylä Lentoasema. 

Data taken from the location is the hourly global irradiation from the first hour of January 

2015 to last hour of December 2015. Data used for the analysis needs to be on the same year 

in order to match with the hourly demand distribution.  

 

 
Figure 6: Location of weather station for solar energy in Finland (Finnish Meteorological Institute, 2018) 

 

Raw data collected from the weather station is in the form of global radiation with W/m2 

unit of. From here it will be converted to the percentage of power output, from 0%-100% of 

maximum generation. Using the Tianwey solar panel type TW235 P60-FA which has 

maximum output of 235W and 14,45% module efficiency (Tianwei New Energy Holdings 

Co., Ltd, 2018), the irradiation value is converted to Mpp using data in Table 2.  

 
Table 2: Conversion table from irradiation to power output (Child, 2017) 

Irradiation (W/m2) Vmp (V) Imp (A) Mpp (W) 
200 27,9 1,5 41,85 
400 28,4 3,1 88,04 
600 28,7 4,7 134,89 
800 29,4 6,3 185,22 

1000 29,8 7,89 235,122 
 

Observation station: Jyväskylä lentoasema 
Station ID: 101339 
Latitude (decimals): 62,39758 
Longitude (decimals): 25,67087 
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This value for each hour then converted to percentage of power output as shown in Figure 

7. Capacity of the solar panel can different, since the parameter will be used is the percentage 

of the maximum generation, not the actual power generation. 

 

 
Figure 7: Hourly solar PV generation for year 2015 as percentage of output 

 

From the distribution above, it was determined for South Savo that the full load hours for 

2015 is 863. This number is not much different than other European country which have 

FLH ranging from 600 to 1400 as shown in Figure 8 below.  

 
Figure 8: Full load hours for onshore wind and solar PV for the period 2001-2011 (Huber, et al., 2014) 
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There are more data available for wind energy compared to solar radiation from the Finnish 

Meteorological Institute. Data for South Savo for 2015 are available in several locations, 

which are Mikkeli Lentoasema, Juva Partala and Puumala Kirkonkylä. From these three, 

0

20

40

60

80

100

1
25

6
51

1
76

6
10

21
12

76
15

31
17

86
20

41
22

96
25

51
28

06
30

61
33

16
35

71
38

26
40

81
43

36
45

91
48

46
51

01
53

56
56

11
58

66
61

21
63

76
66

31
68

86
71

41
73

96
76

51
79

06
81

61
84

16
86

71

%
 o

f p
ow

er
 g

en
er

at
io

n

Hour of the year



22 

 

Puumala Kirkonkylä provide the best wind speed record, which location is shown in Figure 

9. As already mentioned in the previous section, distribution data used has to be from the 

same year, including for wind resources.  

 

 
Figure 9: Locations of weather station for wind speed data (Finnish Meteorological Institute, 2018) 

 

Further processing needed to get the required data. Input from the weather station are wind 

speeds at the elevation of 10m. Turbine used for this model assumed to be 3 MW WinWinD 

turbine with hub height elevation of 88m and 100m rotor diameter. Using Equation (1) 

below, wind speed at elevation 88m was able to be calculated. 

 

𝑤𝑠௛ = 𝑤𝑠ଵ଴ ൬
ℎ

10
൰

ఈ

(1) 

where: 

𝑤𝑠௛ = 𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 𝑎𝑡 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 ℎ𝑒𝑖𝑔ℎ𝑡 ቀ
𝑚
𝑠

ቁ 

𝑤𝑠ଵ଴ = 𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 𝑎𝑡 10𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 ቀ
𝑚
𝑠

ቁ 

ℎ = ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) 

𝛼 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑡𝑒𝑟𝑟𝑎𝑖𝑛 𝑟𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 

 

Observation station: Puumala kirkonkylä  
Station ID: 150168 
Latitude (decimals): 61,52242 
Longitude (decimals): 28,18491 
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The turbine supplied with power curve from the manufacturer as shown in Figure 10. Cut-

in speed for this turbine is at 3 m/s and peak power output reached at 14 m/s wind speed. 

Above this the power is reduced to keep the structural integrity of the turbine and steel tower.   

 

 
Figure 10: Power curve for 3 MW WinWinD wind turbine (Child , 2017) 

 

Using power curve above then the percentage of power output can be calculated as shown 

in Figure 11 below. Note that the power is more distributed throughout the year compared 

with solar radiation. The full load hour for wind power in South Savo is calculated to be 

2134 h.  

 

 
Figure 11: Hourly wind power generation for 2015 as percentage of output 
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3.2.3 River Hydro 

From the record in 2015, river hydro in South Savo only produced 46 GWh of power 

(Energiateollisuus ry, 2017). Distribution data also not available for local data. To overcome 

this, national river hydro data for 2015 was used as shown in Figure 12. The full load hour 

for river hydro is calculated to be 6220 h. This shows promising number of power 

production. Unfortunately, not much capacity able to be added to the current generation, 

since there are limited number of rivers flowing through the region and restriction from 

natural conservation law. 

 

 
Figure 12: Hydro power potential hourly distribution for 2015 as percentage of output 

3.2.4 Municipal Solid Waste 

Municipal waste can be seen as an alternative potential source of energy. This has been 

applied is some municipality in Finland, for example Vantaa WTE plant. It is capable of 

processing 320 000 ton of waste annually and generated 920 GWh of heat which able to 

supply 50% of district heating and 30% of electricity demand in Vantaa. Not just creating 

solution to the waste dumping problem, the plant also able to reduce CO2 emission by 20% 

compared to energy generation by fossil fuel (Tablado, 2014).   

 

Data gathered from OECD stated that in 2015 Finland has annual waste production of 500kg 

per person. With an average GDP above USD 25 000 it can be assumed that the collection 

rate is 100% (International Energy Agency, 2016). As seen in Figure 13 below, the rate of 
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energy recovery and WTE in Finland is increasing rapidly. One of the key factors is the 

elimination of landfilling from the system. The energy recovery reach 1 515 000 ton or 

54,7% from 2 768 000 ton of total municipal waste in 2016. In contrast the landfilling is only 

left for 89 000 ton or 3% from total waste (Official Statistics of Finland, 2016). In future 

scenario, it is predicted that all the remaining waste went to the landfilling will be converted 

to energy. This resulted in 58% of solid waste treatment for energy production.  

 

 
Figure 13: Municipal waste treatment composition for Finland from 1997 to 2016 (Official Statistics of 

Finland, 2016) 

 

Average energy content value for these solid wastes is estimated to be 10 MJ/kg or 2,78 

kWh/kg (International Energy Agency, 2016). By multiplying average waste production, 

collection rate, WTE ratio, energy content and total South Savo population in 2040, the 

annual WTE potential discovered to be 108,4 GWh. All calculation is summarized in Table 

3 below. This is number is so much less compared with other resources like biomass. 

Nevertheless, it can contribute to the energy production while preserving the environment 

condition. 

 
Table 3: Municipal waste energy potential for South Savo 

Parameter Value Unit Remarks & Reference 
Waste production per person annually         500   kg/a OECD 
Collection rate  100  % GDP of South Savo > USD 25k 
WTE plants collection share       0,58   Statistics of Finland 
Energy content         2,78   kWh/kg 10 MJ/kg 
Population of South Savo by 2040 134 523   person   
Annual WTE potential       108,4   GWh/a   
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3.2.5 Biomass  

Industrial wood production from South Savo account about 10% of national supply. In 2015 

the total production was 6,4 million m3. From this amount, only 3 million m3 are used for 

domestic consumption in South Savo and the rest are transported to neighboring region, 

which majority are processed in the pulp mills. By 2020 the regional planned to increase the 

wood supply to 8 million m3 in total, with half of it are for domestic regional consumption. 

To realize this there should be additional fleet of transportation vehicle, chipping system and 

harvesting machines from 620 unit in 2015 to 716 unit in 2020 (Karttunen, et al., 2016).  

 

Forest chips and forest industry by-products usage for electricity and heat generation in 

South Savo show rather stable amount over the years, at slightly above 1 million m3 annually 

as shown in Figure 14. This number are dominated by forest by-products at the range of 

540 000 m3 (52%) to 649 000 m3 (63%) and forest chips as the second largest share at the 

range of 378 000 m3 (36%) to 492 000 m3 (47%). As reference, in the Finnish national 

strategy, the use of  wood chips for energy generation purpose is targeted to increase from 

8,1 million m3 in 2016 (Ylitalo, 2017) to 15 million m3 in 2025 ( Ministry of Agriculture and 

Forestry, 2015). 

 

 
Figure 14. Solid wood fuel consumption rate in heating and power plants in South Savo from 2010 to 2017 

(Natural Resources Institute Finland, 2018) 
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Energy wood price are showing negative trend or decreasing in numbers. In Savo-Karjala 

area energy wood price in 2017 is 17,06 €/m3, while the national average level is 22,11 €/m3. 

Price change over the years are shown in Figure 15 below. One of the supporting factors in 

energy wood reduction is the subsidy policy from the government. One of the examples is 

the policy from Ministry of Agriculture and Forestry called Sustainable Silviculture 

Foundation Law which introduced in 2010. The purpose is to increase wood chips 

production from small diameter stem with d1.3 less than 10 cm. It provides incentives 16-19 

€/m3 for 30-60 dm3 stem size and 40-70 m3/ha entire tree chip production (Petty & Kärhä, 

2011).  

 

  
Figure 15. Prices of energy wood in Finland (Natural Resources Institute Finland, 2018) 
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3.3.1 Relevant Parameter 

GDP  

Gross Domestic Product describes the overall economic activity in a country or a region and 

it generally used to define the economic condition and standard of living (Investopedia, 

2018). In more precise terms, GDP provides monetary value in a region for a certain time 

period for all services and goods. This is an important parameter in determining future 

energy demand for industry, specifically in fuel and electricity requirement.  

 

Official Statistics of Finland was able to provide regional GDP history data from 2000 to 

2015. In this time frame there are positive change in the GDP number. In 2000 it was 

recorded to be €23 975 and increase to €29 244 in 2015, 22% increase. The national GDP 

also shows similar increase for the same time frame, from €31 335 to €38 245. Lower GDP 

in the region illustrate the general economic activity in the area in comparison with national 

average. Employing 15 years of historic data, the extrapolations was performed using 

polynomial series with coefficient of determination R2 of 0,9654. The trends are shown in 

Figure 16 below.  

 

 
Figure 16: GDP forecast for the region of South Savo 
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numbers are increasing to 49 303 and 9 241 for residential and commercial building 

respectively in 2017. Using the same extrapolation technique with GDP to find the future 

value, it was found out that for 2040 the residential housing will increase to 53 394 unit 

while commercial building increased to 11 275 units. Both extrapolations were having the 

coefficient of determination larger than 0,93. The housing trends from 2005 to 2040 are 

shown in Figure 17 below.  

 

 
Figure 17: Residential and commercial building forecast in South Savo 

 

Vehicle Stock  

Vehicle population data only available from 2011 and 2017. So far it is the most limited data 

and irregular trends over the years. From 159 619 unit in 2011, reaching peak in 2015 for 

163 753 unit and drop to 160 533 in 2016. The created projection for 2040 was resulted in 

160 815 unit of vehicle. The trends are shown in Figure 18 below.  

 

 
Figure 18: Vehicle stock forecast in South Savo 
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3.3.2 Demand Forecast   

Based on the previously calculated parameter, future demand in 2040 can be estimated. 

Electricity demand for housing and agriculture, individual household heat and district 

heating are forecasted based on the number of residential housing. Industrial demand for 

electricity and heat are forecasted using GDP. Electricity and fuel for transport are predicted 

using vehicle stock data. All calculations are summarized in Table 4 below.  

 
Table 4: Forecast for future energy demand of South Savo in 2040 

Consumption 2015 (GWh) 2040 (GWh) Difference 
Electricity       

Housing and agriculture 756 822 8,7 % 
Industry 416 496 19,2 % 
Services and public consumption 414 519 25,5 % 
Transport 0 60   

Heat       
Industry 956 1139 19,2 % 
Household Individual 851 925 8,7 % 
District Heating 862 1166 35,3 % 

Transport fuel 1651 1488 -9,9 % 
Energy conversion losses 1130 753 -33,4 % 
Total 7035 7367 4,7 % 

 

In total, the future demands are predicted to increase 4,7% from 7035 GWh in 2015 to 7367 

GWh in 2040. These increases are largely coming from district heating (35,3%) and 

electricity for services and public transportation (25,5%). Huge reduction in the energy 

conversion losses (-33,3%) comes from the increase of efficiency in energy conversion 

engines, especially in CHP technology. Small decrease also detected in the transport fuel 

sector, -9,9%. Mainly due to electric vehicle application in the future.  

 

3.4 Scenario Design 

After all prerequisite data are complete, the next step will be creating future scenario. 

Following are the objectives in determining the future scenario: 

x to identify the minimum quantity of biomass to create a fully sustainable system 

x to find out the optimum composition of intermittent renewable energy generation  

x to evaluate the optimum composition of biofuel and electric vehicle for transportation 

sector 
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x to find out how effective is the synthetic fuel will support the energy system 

x to learn the effect of allowing import of biofuel and electricity to the region in terms of 

energy balance and cost 

 

Based on above criteria, scenarios are built as listed in Table 5. Reference scenario for year 

2015 and 2040 Business as Usual (BAU) are established. The 2040-BAU scenario is the 

extension of 2015 scenario with adjustment in total demand, less import in electricity and 

introduction of small portion of electric vehicle. It will become the benchmark for all future 

scenario for the main parameter of biomass consumption, RES capacity and cost.  

 

The future scenarios are divided into three large group. Group-I is varying the variable of 

local biofuel production and electric vehicle. Group-II is signified by the involvement of 

synthetic gas to supply the system using sustainable fuel. Group-III will simulate the open 

condition of the region to the trading of electricity and biofuel.  

 
Table 5: Scenario design for 2040 

Scenarios Parameter 

Electricity 
import 

100% 
RES 

Domestic 
biofuel 

production 

Electric 
vehicle 

Synthetic gas 

2015 78 % 8� 8� 8� 8�

2040  
Business as Usual (BAU) 43 % 8� 8� 10 % 8�

20
40

 G
ro

up
-I 100% Biofuel 8 9� 100 % 0 % 8�

75% Biofuel 8 9� 75 % 25 % 8�

50% Biofuel 8 9� 50 % 50 % 8�

20
40

 G
ro

up
-II

 

50% Biofuel 
+SynGas 8 9� 50 % 50 % 1 TWh 

25% Biofuel 
+SynGas 8 9� 25 % 75 % 1 TWh 

0% Biofuel 
+SynGas 8 9� û 100 % 1 TWh 
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Scenarios Parameter 

Electricity 
import 

100% 
RES 

Domestic 
biofuel 

production 

Electric 
vehicle 

Synthetic gas 

20
40

 G
ro

up
-II

I 

50% Biofuel 
+SynGas 
+Elec.Import 

10 % 9� 50 % 50 % 1 TWh 

50% Biofuel 
(import) 
+SynGas 
+Elec.Import 

10 % 9� -50 %* 50 % 1 TWh 

*Negative sign indicates import of commodity 

 

3.5 Cost Parameter 

The cost used for this analysis basically divided to current (2015) and future (2050). Majority 

of the data are referenced from (Child & Breyer, 2016). Cost input in the EnergyPlan tools 

are categorized to investment and fixed OM, fuel, variable OM and external electricity 

market.  

 

In the investment and fixed OM group mainly covers the cost for investment in heat and 

electricity generation infrastructure. Liquid and gas fuel production facility for production 

of biofuel and synthetic gas also provided in this category, including fuel storage options. 

Cost option for individual heating purpose also available to accommodate decentralized 

heating system. Input for water desalination facility available for location with water scarcity 

problem. 

  

Fuel cost option are available for fossil fuel, waste, biomass and uranium. Additional options 

are available for the handling costs to conversion plants such as CHP and condensing PP. 

Variable OM for DH, CHP system and storage can be entered in this section. For electricity 

trading with external market, the hourly Elspot system price were used.  

 

It is important to mention that price determination for the future scenario is highly uncertain. 

This create risk of feasibility in the built scenario. One of the uncertain yet deterministic 

factor is the price of CO2 emission which at 2015 are at the level of €8/tCO2 (European 
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Energy Exchange, 2015), highly contrast with the future price at €75/tCO2 (Child & Breyer, 

2016). 

 

3.6 Simulation Tools 

3.6.1 Tools overview and selection 

There are many energy simulation tools are available in the market today, each with their 

own strengths and weaknesses. Research by (Connolly, et al., 2010) review 68 tools in which 

37 of it covered for the final study. The intention was to find which program are most suitable 

for adoption of renewable energy to different type of energy systems and analysis objectives. 

Few main criteria considered for the selection are typical applications, price, popularity, 

simulation, scenario, equilibrium, top-down, bottom-up, operation optimization, investment 

optimization, geographical area, scenario timeframe and time step. In addition to that, energy 

sector of heat, electricity and mobility/transport, adoption of renewable energy in 100% 

energy system are evaluated.   

 

There are few criteria required for this study, which are the capability to simulate the 100% 

renewable energy system, hourly time step analysis, regional analysis, considering sector of 

heat, electricity and transport, options of technology, including energy storage, cost analysis 

and tool price.  

 

SimREN, Mesap PlaNet, Invert, LEAP, INFORSE, H2RES, and EnergyPLAN were chosen 

for their ability to simulate 100% renewable energy system. For an additional requirement 

of 1-hour time step simulation, the choices are narrowed to H2RES, Mesap PlaNet, SimREN 

and EnergyPLAN. With H2RES geographical scope of analysis only in island (Krajacic, et 

al., 2009) and Mesap PlaNet and SimREN availability are limited, the best choice will be to 

use EnergyPlan tools (Connolly, et al., 2010). 

 

3.6.2 Energy Plan 

There are many literatures published related to EnergyPlan employment as energy model 

tools. The most relevant with this study will be the feasibility analysis of Finnish 
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recarbonised energy system for 2050 authored by (Child & Breyer, 2016). It provides a 

complete review on the future of Finnish energy system with full interaction between 

heating, power and mobility sector. Renewable energy level variation and combination with 

nuclear power and biomass provide complete analysis of various energy source.  

 

EnergyPLAN creates energy system simulation based in hourly supply and demand. To 

create a reliable model a proper input data is mandatory, not only cumulative demand and 

supply, but also the hourly distribution. This is to create the close model with the actual 

dynamics of the system. This software is modelled the generation capacity as a single input 

for each type. This means the operator needs to create a total capacity and average of 

efficiencies as a single input. Variation of efficiencies as the effect of different technology 

and age of facility are not able to be entered directly.  

 

There are two type of calculation strategy, technical regulation and electricity market 

strategy. With technical regulation strategy the focus will be how to create a system with the 

most energy efficient. Different with electricity market strategy, it will decide the output 

based on the marginal generation cost. The system will decide to produce own electricity, 

buy the electricity from the market, or create excess electricity to sell in the market for 

additional revenue. For this study, the technical regulation strategy was used. The purpose 

not just to find the most affordable option, but also efficient in term of energy utilization. 

The complete program structure is shown in Figure 19 below.  
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Figure 19: EnergyPlan tools structure (Connolly, et al., 2010) 
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4 MODELLING RESULTS AND DISCUSSION 
 

Output from the model going to be outlined in this section. It will describe the results from 

each scenario for generation capacity, fuel consumption, electricity production, electricity 

demand and annual cost structure. The model results will be followed by discussion section 

to analyze why certain outcome occurred.  

  

4.1 Modelling results 

4.1.1 Generation capacity 

Capacity of generation for each technology are listed in Table 6. CHP-DH for the Group-I 

and Group-II scenarios relatively the same, ranging from 260 to 310 MW. In Group-III 

scenarios, it drops to 100 MW, almost the same amount with the 2040-BAU reference 

scenario of 90 MW generation capacity.  

 

For intermittent electricity generation, wind energy is the most promising electricity source 

with more than 2000 FLH. Group-I uses the least capacity of 500 MW, only half of the 

Group-II capacity of 1000 MW. Group-III is using moderate generation capacity of 800 

MW.  

 

Solar PV capacity is not differing to far between scenarios. In Group-I it is applied from 500 

MW to 600 MW, while in Group-II it used for 700 MW to 900 MW. Group-III use same 

capacity for all scenarios of 700 MW. Future hydropower capacity is anticipated to be remain 

same with current condition of 7 MW. Synthetic gas is only used in Group-II and Group-III 

scenarios. The plant capacity is almost the same for all the scenarios, between 430 MW to 

450 MW. It was designed to generate the same quantity of gas of 1000 GWh.  
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Table 6: Generation capacity for all scenarios  

Generation Capacity (MW) CHP-DH Wind Solar PV Hydropower Synthetic gas 

2015 90 0 0 7 0 

2040  
Business as Usual (BAU) 90 100 100 7 0 

20
40

 G
ro

up
-I 100% Biofuel 260 500 550 7 0 

50% Biofuel 270 500 550 7 0 

75% Biofuel 280 500 600 7 0 

20
40

 G
ro

up
-II

 

50% Biofuel 
+SynGas 270 1000 700 7 450 

25% Biofuel 
+SynGas 300 1000 900 7 430 

0% Biofuel 
+SynGas 310 1100 900 7 430 

20
40

 G
ro

up
-II

I 50% Biofuel 
+SynGas 
+Elec.Import 

100 800 700 7 450 

50% Biofuel 
(import) 
+SynGas 
+Elec.Import 

100 800 700 7 450 

 

4.1.2 Fuel Consumption 

Consumption of fuel in the reference scenario of 2015 and 2040-BAU are signified by 

allowing the utilization of fossil fuel. As of 2040, coal consumption in Finland will be 

banned and with the increasing demand for fuel, natural gas is step in to fill the gap with the 

total quantity of 1200 GWh. Biomass consumption for these two scenarios are remain at the 

same level, around 3200 GWh. Approximately 200 GWh of electricity are generated from 

solar PV and wind turbine. 

 

In all future scenarios, fossil fuels are no longer used. All fuel and resources shall come from 

sustainable resources. Consequently, fuel oil, transport oil and natural gas are no longer be 

used. There should be sufficient amount of energy source to substitute the fossil fuels. In 
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addition to that, all future scenarios have higher fuel consumption as a result of restriction 

in electricity import, except Group-III scenarios which allows the import up to 10%.  

 

Group-I scenario is detected to be the highest user of biomass among all scenarios, 7090 

GWh for the 100%_Biofuel scenario, down to 5970GWh for 50%_Biofuel scenario. Other 

energy source are wind energy and solar PV with total generation amount of 1070 GWh and 

500 GWh respectively. Hydropower production is remaining same for reference and future 

scenario, 46 GWh of annual generation. 

 

Significant reduction of biomass was detected for Group-II scenarios, 5020 GWh as the 

highest supply for 50%_Biofuel+Syngas scenario to 3720 GWh for 0%_Biofuel+Syngas 

scenario. Wind power were producing from 2140 GWh to 2350 GWh in this group, about 

double the production of Group-I. Solar PV are increased to level of 610 GWh to 780 GWh 

compared with Group-I. In Group-III, biomass, solar PV and wind supply remain relatively 

same with Group-II. The main difference will be the introduction of imported transport 

biofuel to the system. Figure 20 below shows the fuel supply for all scenario.  

 

 
Figure 20: Fuel consumption for all scenario 
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4.1.3 Electricity Production 

Electricity production for 2015 and 2040-BAU are identified by high quantity of import, 

which reach 1220 GWh and 830 GWh respectively. The second largest producer is the CHP-

DH at the rate of 300 GWh and 730 GWh for 2015 and 2040 BAU scenario respectively. In 

2040 BAU small portion of wind and solar PV are producing electricity at the quantity of 

110 GWh and 90 GWh.  

 

In Group-I, the largest electricity production originates from wind energy with annual 

production quantity of 1070 GWh. CHP-DH is the second largest producer from 530 GWh 

to 610 GWh for 100%_Biofuel and 50%_Biofuel scenario. Solar PV produce slightly below 

CHP with annual production of 430 GWh to 520 GWh. There is new source of electricity 

introduced to the system, which is the municipal solid waste (MSW) that producing 43 GWh 

annually.  

 

Electricity production in Group-II scenarios is the highest among all other group. The total 

production is ranging from 3599 GWh for the 50%_Biofuel+Syngas scenario up to 3969 

GWh for 0%_Biofuel+Syngas scenario. This group scenario depends so much on wind 

energy that can supply up to 2350 GWh, almost 60% of the total electricity production. Solar 

PV is slightly increasing to maximum of 780 GWh. CHP-DH production is about the same 

with Group-I scenarios, producing at the rate of 650 GWh annually.    

 

Importing electricity for 10% of total production in the Group-III scenarios resulting in 

approximately 17% less production compared to the Group-II. The main electricity generator 

is remaining from wind energy, 1710 GWh of production annually. Account about 50% from 

the total generation. Figure 21 below shows comparison of electricity production for all 

scenario. 
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Figure 21: Electricity production for all scenario 

 

4.1.4 Electricity Consumption 

From the electricity demand perspective, 2015 scenario, 2040-BAU and Group-I scenarios 

are almost the same, ranging from 1590GWh to 1891GWh annually. About 75% of 

electricity consumption are for household, industry and public service sector. Second largest 

demand of 460 GWh in 2015 and 2040-BAU scenario comes from the individual heating 

sector and it decrease dramatically to 140 GWh in Group-I scenarios.  

 

There is surge electricity demand in Group-II and Group-III scenarios, more than 3500 GWh 

in total. These were coming from the synthetic gas production and it contributes 1650 GWh 

of electricity demand annually. Significant consumption also appears in the transportation 

sector which in total extending from 180 GWh to 380 GWh annually. All mentioned 

numbers can be viewed in Figure 22 below.  
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Figure 22: Electricity consumption for all scenario 
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Figure 23: Total annual costs for all scenario 
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Synthetic gas is anticipated to have almost the same FLH throughout the scenario in group-

II and group-III at the rate of 2200 hours. Complete FLH for all generation technology can 

be accessed in Table 7 below.  
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Table 7: Full load hours for all generation technology 

Full Load Hours CHP-DH Wind Solar PV Hydropower Synthetic 
gas 

2015 3212 2134 863 6220 0 

2040  
Business as Usual 
(BAU) 

8079 2134 863 6220 0 

20
40

 G
ro

up
-I 100% Biofuel 2022 2134 863 6220 0 

50% Biofuel 2336 2134 863 6220 0 

75% Biofuel 2159 2134 863 6220 0 

20
40

 G
ro

up
-II

 

50% Biofuel 
+SynGas 2401 2134 863 6220 2219 

25% Biofuel 
+SynGas 2132 2134 863 6220 2322 

0% Biofuel 
+SynGas 2063 2134 863 6220 2343 

20
40

 G
ro

up
-II

I 

50% Biofuel 
+SynGas 
+Elec.Import 

6132 2134 863 6220 2219 

50% Biofuel 
(import) 
+SynGas 
+Elec.Import 

6395 2134 863 6220 2278 

 

 

4.2 Discussion 

As already mentioned in the previous section, the future scenario obliges no CO2 emission 

for energy production, therefore fossil-based fuel such as oil, coal and gas are no longer be 

used. This is to comply with the requirement from the Paris agreement to limit global 

temperature increase below 2 °C (United Nations, 2015 ), EU-Council and also Finland’s 

government which the final goal is to preserve the environmental sustainability.  

 

In general, all future scenarios are showing higher fuel consumption compared to the 2040-

BAU reference scenario. This is mainly due to the elimination or limitation of electricity 
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import from the regional energy system. With limited source of electricity and fuel from 

outside of the region, energy production must rely on local generation from available 

resources and intermittent RES generation.  

 

Intermittent RES such as wind energy and solar PV are providing significant input for the 

future energy system. As seen in Figure 20, these sources provide about 17% of the total 

electricity production in the 100%_Biofuel scenario and reaches the highest share at 45% in 

the 0%_Biofuel+SynGas scenario. It shows how the future energy generation can be more 

dependent to the intermittent generation. Similar trend shown in the research conducted by 

(Child & Breyer, 2016). Their study in the Finnish future energy system suggest that in 2050 

Finland shall have at least 65% of the electricity generation from the intermittent generation 

sources.  

 

Development of renewables also cannot be separated from the residents. Study conducted 

for a wind farm development in Ruokolahti to the local residents and second home owner 

shows positive attitude towards renewable energy in general. Specific for wind energy, the 

results seem to be highly affected by distance from the property to the proposed wind farm 

location. For the property distance less than 2 km, 75% of the local resident consider that it 

will not affect the property value. In contrast, 65% of the second home owner consider that 

the wind farm will create negative effect to the property. Same results also concluded for the 

opinion about its effect to Ruokolahti landscape (Janhunen, et al., 2014). In this study the 

utilization of wind energy is from 500 MW to 1100 MW. With the assumption of 3 MW 

turbine capacity for each tower, it is equal to 170 to 360 towers.  

 

In terms of land utilization, future generation of solar PV at the capacity of 500 MW to 900 

MW will only consume 10 km2 to 18 km2 or less than 0,1% of total area in South Savo. 

These results were calculated based on the ratio of area to generation capacity of 0,02 

km2/MWp (Child, 2016).  

 

Biomass as one of the main fuel suppliers plays important role in meeting the local energy 

generation. The numbers are increasing to almost double the quantity in 2040-BAU scenario 

for the highest biomass demand in 100%_Biofuel scenario. From the resource point of view, 



45 

 

there are few challenges identified for procurement of wood fuel and peat in Finland. They 

are long environmental permitting process for peatlands, insufficient terminal for wood fuels 

and inconsistent subsidy policy and taxation (Karhunen, et al., 2015).  

 

Group-I scenario shows the effect of transport biofuel production to the biomass supply. In 

these scenarios, the transport biofuel demand is varied from 100% to 50% or from 1650 

GWh to 830 GWh, resulted in decrease of biomass supply for liquid fuel production from 

3440 GWh to 1730 GWh. At the same time electric vehicle is utilized to substitute demand 

for transport. It was obvious that electric vehicle role is important in keeping the supply of 

biomass at the reasonable level.  

 

Analysis performed by Group-II scenario simulates the substitution of fuel for industrial 

sector with synthetic gas. In addition to that, it is also studied the effect of higher electric 

vehicle application in the transportation sector at the share of 50% to 100%. The scenarios 

designed to produce 1000 GWh of synthetic gas and varying the supply quantity of transport 

biofuel from 830 GWh to 0 GWh. The result shows that total biomass supply was 

successfully reduced from 5020 GWh to 3720 GWh.  

 

Interesting to see in the group-III scenarios where it allows import of electricity and biofuel. 

The 50%-Import Biofuel scenario from group-III allows the import of transport biofuel. This 

share is representing 830 GWh of liquid fuel which was able to replace 1730 GWh of raw 

biomass from the supply side. In total, biomass supply in this scenario was reduced to 3730 

GWh. This number is still 13,4% higher than the current 2015 scenario. In 2030, it is 

expected that there will be 3333 GWh of biomass supply available for energy purposes 

(Karhunen, et al., 2017).  

 

In the electricity production, higher number is identified for all future scenarios. As seen in 

Figure 21, Group-I scenarios has 22% higher electricity production in average compared 

with the reference 2040-BAU, even though the demands are 10% lower in average. This is 

common when an intermittent electricity generation source is employed. At some point there 

will be excess of electricity which unable to consumed, stored or converted to other form of 
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energy. Unfortunately exporting it is not an option in this study, since South Savo are treated 

as an isolated island.  

 

Group-II scenarios provides even higher electricity production, about 98% higher in average 

in comparison to the reference 2040-BAU. This is expected since the scenarios are employs 

high electrification in the energy system. Synthetic gas was produced 1000 GWh for the 

system, biofuel also gradually reduced from 50% to 0% and substituted by electric vehicle. 

High portion of electric vehicle provide advantages for storing excess electricity production 

using the mobile vehicle battery. This concept also known as vehicle-to-grid (V2G). In 

Group-II scenarios, the annual excess of electricity is in the range of 105 GWh to 193 GWh. 

In contrast with Group-I scenarios where it reaches 578 GWh to 701 GWh. It should be 

mentioned that in this scenarios, electric vehicle portion is fairly low, 50% of maximum 

share for the 50%-Biofuel scenario. For the 100%-Biofuel scenario where no electric vehicle 

present, the mobile battery was replaced by 1000 MWh of stationary battery. From Table 8, 

we can see the relation between battery capacity and excess of electricity production where 

higher battery capacity creates less excess of electricity. In addition to that, the role of grid 

stabilization also showing positive trend as the battery capacity increase. Note that Group-

III scenarios were not included in the Table 8 as these scenarios use similar 50% portion of 

transport biofuel.  

 
Table 8: Relation of battery capacity and excess of electricity 

Scenarios Battery Capacity (MWh) Grid 
Stabilization 

(GWh) 

Excess of 
Electricity  

(GWh) Mobile Vehicle Stationary 

2040 BAU 1458 0 20 18 

20
40

 G
ro

up
-I 100% Biofuel 0 1000 20 701 

50% Biofuel 3762 0 60 701 

75% Biofuel 7362 0 110 578 

20
40

 G
ro

up
-II

 

50% Biofuel +SynGas 7362 0 110 105 

25% Biofuel +SynGas 11178 0 170 131 

0% Biofuel +SynGas 14850 0 220 193 
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Electricity production for Group-III scenarios are assisted by 340 GWh of import from 

outside of the region which reduced the rate of local generation to less than 3100 GWh for 

both scenarios in this group. With the high availability of electricity generation from the 

other region in Finland, it is recommended to consider some limited amount of import to the 

region’s energy system. In addition to that the deregulation market of electricity in Finland 

open the way to increase cooperation with the neighboring countries, increase economic 

productivity and creating security in supply (Al-Sunaidy & Green, 2006).  

 

At the national level, in 2015 Finland produce 84 934 GWh of electricity with the largest 

share of 28% were originated from nuclear power. It followed by hydropower (20%), import 

(19%), biomass and waste (14%) and other sources (International Energy Agency, 2018). 

More clear composition of electricity generation source in Finland is shown in Figure 24.  

 

 
Figure 24: Electricity production share in Finland with 85 TWh total production in 2015 (International Energy 

Agency, 2018) 

 

As the largest electricity producer, nuclear power in Finland currently equipped with 4 

reactors and 2700 MW of generation capacity, located in Loviisa and Olkiluoto. In 

September 2019, it is expected that Finland’s fifth reactor Olkiluoto-III with the capacity of 

1600 MW will be ready for operation. Further development of nuclear power is indicated by 

the positive Decision in Principle (DiP) for the development of Hanhikivi-I (Ministry of 
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Employment and The Economy - Energy Department, 2011). The key advantage of nuclear 

power plant will be its ability to provide stable and constant generation over the years which 

resulted in a very high full load hour. The generation characteristic also makes it suitable for 

basic electricity generation purpose. Location of current and future nuclear power plant in 

Finland is shown in Figure 25.  

 

 

Figure 25: Current and future nuclear power plant in Finland (Ministry of Employment and The Economy - 

Energy Department, 2011) 

 

This study shows there are 1888 GWh of annual electricity demand for 2040-BAU scenario 

where electricity generation are using the same technology as the current production. 

Comparing it with the future scenarios from Group-I, there are moderate correction in the 

electricity demand to the range of 1490 to 1891 GWh. By breaking down the structure, it 

can be found that the reduction primarily comes from individual heating sector. Replacing 

conventional electric heater with high efficiency heat pumps successfully reduce 70% of 

individual heating electricity consumption from 480 GWh to 140 GWh.  
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New type of electricity demand comes from transportation sector were arising in the Group-

I scenarios. It requires 110 GWh to 200 GWh annually to meet 25% to 50% of the transport 

demand. Application of electric based vehicle is resulted in much higher efficiency 

compared with internal combustion engine (ICE). Real road test shows that ratio of power 

consumption of ICE to EV is 3,6 times (Martins, et al., 2013).  

 

In this study ICE assumed to have consumption ratio of 1,5 km/kWh while electric vehicle 

(EV) use 5 km/kWh. Further utilization of EV up to 100% of share in transportation 

maximize the annual electricity consumption to 380 GWh. Higher EV capacity also increase 

the share of V2G losses which detected in the range from 63 GWh to maximum of 171 GWh. 

These losses are related with the charging and discharging process of the batteries (Child & 

Breyer, 2016). 

 

Synthetic gas production by CO2 hydrogenation was significantly increase electricity 

demand in Group-II and Group-III scenarios. It requires 1650 GWh of electricity to produce 

1000 GWh of synthetic gas. In this study the gas is used to supply the industrial sector. Apart 

from its function as the source of fuel, synthetic gas also considered as media for energy 

storage. Excess electricity production, particularly from intermittent electricity source such 

as solar PV and wind energy can be diverted to produce synthetic fuel and utilize back to 

produce electricity in the deficit period.  

 

CO2 hydrogenation basically produced from hydrogen through electrolysis process and 

capturing CO2 from various emission sources such as oil refineries, power plants or cement 

kilns. Some other source of carbon oxides also possible to be used as raw material for the 

process such as biogas produced from wet biomass through anaerobic digestion, non-food 

energy crops and biomass residue produced through gasification. Using nickel catalyst and 

working temperature of 200 °C to 250 °C, methane gas as primary product and water as side 

product were produced. (Abelló, et al., 2013) 

 

The annual investment cost was increasing rapidly for 70% from 2015 to 2040-BAU 

scenario even tough fuel demand only rise for 17% and 19% growth in electricity 

consumption. This condition mainly happened as the result from different cost assumption 
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in investment, operation, fuel, electricity exchange, and CO2 tax. Please refer to Section 3.5 

and Appendix-A for description of each cost parameter. The main expenditure for these two 

scenarios is for fuel which covers 48% to 58% from the total cost. Interesting to be noted is 

the increase of CO2 tax from €8 to €75/tCO2 for energy generation which consequently rise 

the emission cost from €5 million to €58 million.  

 

Group-I scenarios distinguished by 100% local electricity generation which consequently 

create rapid demand growth in generation capacity. CHP-DH were increasing three folds 

and wind energy and solar PV increasing for five folds compared with 2040-BAU. Capital 

expenditure for these new generation capacities were dominating the cost structure at the 

share of 41% to 51%. Fuel expenditure is the second highest cost expenses which reach 41% 

to 30% of total annual cost share. Rest of the expenditure for about 18% are majority from 

fixed operating post such as infrastructure, man power and utility cost. Overall, Group-I 

scenario provides 14% to 23% less cost than 2040-BAU scenario. 

 

Group-II scenario marked by further increase in total annual cost, up to 13% higher than 

2040-BAU scenario. With a unit price of €0,87 million/MW, synthetic gas production 

facility become one of the largest contributors in the investment cost structure. Other extra 

expense occurs from the additional capacity in wind and solar PV for about 500 MW and 

300 MW respectively. With investment cost portion 56% to 63%, fuel cost reduced to the 

share of 14% to 22%. These is common in high RES utilization where the investment will 

be dominated by the investment cost (capital expenditure) but with much less or no fuel 

consumption.   

 

Smaller total cost was noticed in the Group-III scenarios, 7% less than 2040-BAU scenario. 

The main contributor comes from rapid reduction in CHP generation capacity to 100 MW, 

much less compared with scenarios in Group-II and Group-III and about the same level with 

the 2040-BAU reference scenario. Wind energy and solar PV also experience reduction in 

capacity to 800 MW and 700 MW respectively. This condition shows the positive impact 

for allowing import of electricity. By allowing import of transport biofuel there were €8 

million reduction in the 50%_Biofuel-imported+SynGas+Elec.Import scenario compared 

with the scenario with local transport biofuel production.   
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Although newly installed generation capacity related directly with the investment cost, it 

shows positive impact to the community. The use of renewable energy technology indicates 

promising condition in the job numbers creation. For manufacturing, construction and 

installation (MCI) work in the biomass sector, there will be 8,6 new job for every MW of 

capacity. Wind energy and solar PV create even higher opportunity with 18,1 and 17,9 for 

every MW capacity respectively. Small hydropower provides the highest with 20,5 new job 

opportunity per MW of capacity (International Renewable Energy Agency , 2013). Job 

creation related to the wood fuel production, power plant operation and maintenance are 

excluded from this study.  

 

By multiplying with generation capacity for each scenario, the total job creation for MCI 

work for each scenario can be evaluated. The reference 2040-BAU scenario creates 4445 

new jobs. In the other future scenario, the highest job creation will be in the 0%_Biofuel+ 

SynGas scenario with 38 559 new job and the lowest created in the 100%_Biofuel scenario 

with 20 154 of job creation as shown in Table 9.  

 
Table 9: Employment opportunity creation in MCI work for each generation technology (International 

Renewable Energy Agency , 2013) 

Parameter & Scenarios Biomass Wind Solar PV Hydropower Total 

Unit of Job Creation (job/MW) 8,6 18,1 17,9 20,5 n/a 

2015 693 0 0 152 845 

2040 BAU 693 1810 1790 152 4445 

20
40

 G
ro

up
-I 

2040 
100% Biofuel 2002 9050 8950 152 20154 

2040 
75% Biofuel 2079 9050 9845 152 21126 

2040 
50% Biofuel 2156 9050 10740 152 22098 

20
40

 G
ro

up
-II

 2040 
50% Biofuel + SynGas 2079 18100 12530 152 32861 

2040 
25% Biofuel + SynGas 2310 18100 16110 152 36672 

2040 
0% Biofuel + SynGas 2387 19910 16110 152 38559 
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Parameter & Scenarios Biomass Wind Solar PV Hydropower Total 

20
40

 G
ro

up
-II

I 2040-50% Biofuel 
+SynGas 
+Elec.Import 

770 14480 12530 152 27932 

2040 
50% Biofuel (imported) 
+SynGas +Elec.Import 

770 14480 12530 152 27932 
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5 CONSLUSION AND SUGGESTION 
 

This chapter will provide conclusion from the previous analysis and discussion. In addition, 

there are also suggestions on how to improve the model analysis accuracy.  

 

5.1 Conclusion 

Following are the conclusions for this research: 

1. South Savo will be able to be energy independent in 2040 using 100% renewable energy 

sources. 

2. The main technology for sustainable energy system will rely on biomass, wind energy, 

solar PV and hydropower. 

3. Fully sustainable energy system is economically feasible with majority of the future 

scenario cost are lower than the reference 2040-BAU scenario.  

4. More affordable costs were achieved by allowing import of electricity and transport 

biofuel. 

5. Annual biomass utilization for the future scenario is in the range of 3720 GWh to 7090 

GWh. Careful consideration needed to ensure biomass supply are coming from 

sustainable source. 

6. Electric vehicle plays important role not just as transportation means, but also providing 

grid stability with V2G concept.  

7. Synthetic fuel provides alternative fuel source for industrial sector as well as energy 

storage for excess of electricity production.  

8. High efficiency heat pump utilization is recommended to replace electric heating, 

specifically for locations with no district heating network. 

9. Incorporating renewable energy system technology will not only increasing the region 

energy independency but also creating new job opportunity. 

 

5.2 Suggestion 

In the process of creating future energy model for South Savo, there are few simplification 

and assumption taken due to data limitation. Some data use national reference or 
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municipality data which can be improved by providing specific information for the region. 

Separate data set for district heating and individual heating hourly demand also preferable. 

 

Evaluation of intermittent RES potential is also crucial. Improvement can be done by 

extracting observation data for solar PV and wind energy from local weather station to find 

the best location for each generation technology. Record of hourly river flow rate for the 

hydropower in the region will also create more accurate production data.  

 

New concept of energy generation by converting municipal waste to heat and electricity 

were introduced to the South Savo energy system. This is a good method for utilizing 

unrecycled solid waste rather than dumping it to the landfill. More thorough analysis is 

required in order to create feasible business model. Actual waste production assessment also 

required to ensure sufficient supply for the plant, because in current practice municipal 

wastes from South Savo are taken to Vantaa, Kotka and Varkaus WTE plant. More untapped 

energy potential also comes from the local farming activity, such as using animal manure. It 

would be better to convert these wastes into useable energy rather that create harm to the 

nature. 

 

In determining future energy system, there are no correct answer since it will only act as a 

“what-if” concept. Therefore, it can only give recommendation to what type of generation 

technology that supposed to be focused in the regional development. The study also shows 

the requirement for proper balance between local electricity generation and import. Allowing 

import is good to shave the peak load and reducing generation capacity requirement. On the 

other side, increasing local generation will create more economic opportunity by providing 

additional employment.  

 

To create a sustainable future energy system, it is vital for all stakeholder which include 

policy maker, local citizen, business owner and academician to understand the importance 

of changing the current energy system towards more environmentally friendly solution. 

Systematic development and support shall be provided in the form of regulation, incentive, 

research fund and education.  
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APPENDIX 1: Cost parameter 

 

Following cost parameter are used in the analysis. As outlined in Section 3.5, simplification 

was made by using 2020 and 2050 data for 2015 and 2040 analysis in this study.  

 
Table 10: Electricity and heat generation technology (Child & Breyer, 2016) 

Technology Parameter 2015 2040 

Wind (onshore) 

Capex (€/kWe) 1100 900 

Lifetime (years) 20 30 

Opex fixed (% on investment) 4,26 4,51 

Solar PV 

Capex (€/kWe) 1050 350 

Lifetime (years) 30 40 

Opex fixed (% on investment) 1,5 1,5 

Hydropower (run 
of river) 

Capex (€/kWe) 2750 3060 

Lifetime (years) 50 50 

Opex fixed (% on investment) 4 4 

CHP  
(large unit) 

Capex (€/kWe) 820 790 

Lifetime (years) 25 25 

Opex fixed (% on investment) 3,66 3,66 

Variable costs (€/MWhe) 2,7 2,7 

Overall efficiency 0,9 0,9 

MSW CHP plant Capex (€/kWth) 216 216 

Lifetime (years) 20 20 

Opex fixed (% on investment) 7,4 7,4 

Overall efficiency 0,97 0,97 
 

 
Table 11: Heat only generation technology (Child & Breyer, 2016) 

Technology Parameter 2015 2040 

DH boiler Capex (€/kWth) 100 100 

Lifetime (years) 35 35 

Opex fixed (% on investment) 3,7 3,7 

Variable costs (€/MWhth) 0,15 0,15 

Efficiency 0,9 0,9 

Oil boiler  Capex (€/unit) 6600 6600 

Lifetime (years) 20 20 
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Technology Parameter 2015 2040 

(individual, 
30kW) 

Opex fixed (% on investment) 4,1 4,1 

Efficiency 0,85 0,85 

Natural gas 
boiler  
(individual, 
20kW) 

Capex (€/unit) 6000 6000 

Lifetime (years) 20 20 

Opex fixed (% on investment) 3,91 3,91 

Efficiency 0,9 0,9 

Heat pump 
(individual, 
5kWth) 

Capex (€/unit) 2100 1800 

Lifetime (years) 20 20 

Opex fixed (% on investment) 1,62 1,89 

COP 3 4,5 

Electric heat 
(individual, 
5kWth) 

Capex (€/unit) 4000 4000 

Lifetime (years) 30 30 

Opex fixed (% on investment) 1 1 

Efficiency 1 1 
 
 

Table 12: Energy storage media (Child & Breyer, 2016) 

Technology Parameter 2015 2040 

Gas storage Capex (€/kWhth) 0,05 0,05 

Lifetime (years) 50 50 

Opex fixed (% on investment) 3,3 3,3 

Lithium ion 
battery 
(stationary) 

Capex (€/kWhe) 300 75 

Lifetime (years) 10 20 

Opex fixed (% on investment) 3,3 3,3 

Lithium ion 
battery  
(mobile) 

Capex (€/kWhe) 200 100 

Lifetime (years) 8 12 

Opex fixed (% on investment) 5 5 
 
 
 

Table 13: Infrastructure for heating sector (Child & Breyer, 2016) 

Infrastructure Parameter 2015 2040 

District heating 
grid 

Capex (€/MWhth) 72 72 

Lifetime (years) 40 40 

Opex fixed (% on investment) 1,25 1,25 

Capex (€/unit) 6200 6200 
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Infrastructure Parameter 2015 2040 

District heating 
substation 

Lifetime (years) 20 20 

Opex fixed (% on investment) 2,42 2,42 
 
 

Table 14: Fuel price* (Child & Breyer, 2016) 

 
 
 
 
 

 
 

*Prices are not including national taxes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fuel 2015 
(€/MWhth) 

2040 
(€/MWhth) 

Natural gas 32,8 43,9 

Coal 11,2 12,2 

Fuel oil 42,8 58,0 

Diesel 54,0 70,6 

Petrol 54,7 70,9 

Biomass 18,0 21,6 



Input         South Savo 2015_2409.txt The EnergyPLAN model 12.0

Output          

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,12
0,46
0,00

0
0
7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

0,00
0

0,05
0
0
0

0,22
0,00
0,00
0,22

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,64
0,00
0,00
0,64

0,00
0,00
0,00
1,59

0,86
0,00
0,00
0,86

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

90
0

90

0
0,0

GWh
Per cent

0
0
0

241
0
0

0,00
0,00
0,03

0,40

0,20

0,45

0,00
0,00
0,00

0
0,0

GWh
Per cent

0,50

0,90

0,53

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Market regulation NEW
00000000

0,00
0,00

14
0

0,50
257

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
0
0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,07
0,00

1,65
0,29
0,34
0,00

0,80
0,90
0,80
0,80
0,80
0,80

0,10
0,10

0,00
0,01
0,01
0,00

0,00
0,85
0,84
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

182
153
136
105

65
44
35
35
54

105
122
142

98
273

9

0,86

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
DHP
 MW 

47
39
35
27
17
11

9
9

14
27
31
37

25
70

2

0,22

 
CHP
 MW 

121
109
100

78
50
39
38
38
42
73
86

104

73
197

38

0,64

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

15
5
1
1
0
0
0
0
1
6
5
2

3
159

0

0,02

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0

-1
-2
-6

-11
-11

-2
0
0
0

-3
0

-31

-0,02

Elec.
demand
 MW 

156
147
141
126
115
107
105
110
119
130
140
141

128
208

64

1,12

Flex.&
Transp.
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
 HP
 MW 

6
5
4
3
2
1
1
1
2
3
4
4

3
9
0

0,03

Elec- 
trolyser
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 EH
 MW 

92
77
69
53
32
22
18
18
27
53
61
72

49
138

4

0,43

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

4
5
5
5
7
7
5
6
5
5
5
5

5
7
2

0,05

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

3
3
3
3
3
3
3
3
3
3
3
3

3
3
3

0,03

 
CHP
 MW 

45
41
37
29
19
14
14
14
16
27
32
39

27
74
14

0,24

 
PP
 MW 

11
4
1
1
3
9
8

16
9
8
6
2

6
76

0

0,06

Stab-
Load
 %

100
100
100
100
100
100
100
100
100
100
100
100

100
100
100

 
Imp
 MW 

191
177
167
144
118

98
94
91

116
144
160
168

139
249

7

1,22

 
Exp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
CEEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

5
4
4
3
2
1
2
2
3
4
4
4

31

38

Exp

0
0
0
0
0
0
0
0
0
0
0
0

Average price
(EUR/MWh)

-

0

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
0,02

 -  
0,23

 -  
 -  
 -  
 -  

0,25

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,22
 -  

0,00
 -  
 -  

1,22

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,03
 -  

0,00
 -  
 -  

0,03

  PP

 -  
 -  
 -  

0,13
 -  

0,00
 -  
 -  

0,13

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

BioCon-
version

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Synthetic
Fuel

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Wind

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

PV

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
1,65

 -  
 -  
 -  
 -  
 -  
 -  

1,65

househ.

 -  
0,29
0,01
0,86

 -  
 -  
 -  
 -  

1,15

Industry
Various

0,07
0,34
0,01
0,84

 -  
 -  
 -  
 -  

1,27

Total

0,07
2,30
0,02
3,29
0,05
0,00
0,00
0,00

5,74

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00
2,71
0,00
0,00
0,00
0,00

2,71

Netto

0,07
2,30
0,02
6,00
0,05
0,00
0,00
0,00

8,44

CO2 emission (Mt):
Total

0,03
0,60
0,00
0,00
0,00
0,00
0,00
0,00

0,63

Netto

0,03
0,60
0,00
0,00
0,00
0,00
0,00
0,00

0,63

24-September-2018 [14.56]



Input         South Savo 2040 BAU_240918.txt The EnergyPLAN model 12.0

Output          

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,33
0,48
0,00

100
100

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

0,11
0,09
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,05
1,86

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

90
0

90

0
0,0

GWh
Per cent

0
0
0

113
0
0

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,00

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

4,50

4,50

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Market regulation NEW
00000000

0,00
0,00

72
2

0,50
1000

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
0
0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

1,49
0,36
0,13
0,00

0,80
0,90
0,80
0,80
0,80
0,80

0,10
0,10

0,00
0,01
1,19
0,00

0,00
0,64
0,34
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

109
109
109
103

91
90
90
90
90

101
106
108

100
110

90

0,88

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

76
46
30

7
0
0
0
0
0
9

18
36

18
179

0

0,16

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0

-4
-25
-45
-54
-54
-36

-2
0
0

-19
0

-81

-0,16

Elec.
demand
 MW 

185
174
166
149
136
127
125
130
141
154
166
167

152
246

76

1,33

Flex.&
Transp.
 MW 

6
7
6
8
7
7
8
6
7
8
6
7

7
43

-43

0,06

 
 HP
 MW 

10
8
7
6
4
2
2
2
3
6
7
8

5
15

0

0,05

Elec- 
trolyser
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 EH
 MW 

92
77
69
53
32
22
18
18
27
53
61
72

49
138

4

0,43

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

19
19
27
33
36
39
31
29
22
23
21
27

27
171

2

0,24

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

11
11
11
11
11
11
11
11
11
11
11
11

11
11
11

0,10

 
CHP
 MW 

87
87
87
83
73
72
72
72
72
81
85
87

80
88
72

0,70

 
PP
 MW 

3
3
2
2
3
4
4
5
3
3
3
2

3
18

2

0,03

Stab-
Load
 %

100
100
100
100
100
100
100
100
100
100
100
100

100
100
100

 
Imp
 MW 

172
147
122

87
59
40
41
44
70

104
120
126

94
287

0

0,83

 
Exp
 MW 

0
0
0
1
3
7
7
5
0
0
0
0

2
134

0

0,02

 
CEEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
EEP
 MW 

0
0
0
1
3
7
7
5
0
0
0
0

2
134

0

0,02

  Payment 
Imp

 Million EUR 

5
3
3
2
1
0
1
1
2
3
3
3

31

26

Exp

0
0
0
0
0
0
0
0
0
0
0
0

Average price
(EUR/MWh)

35

1

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
0,03

 -  
0,29

 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
0,01

 -  
1,74

 -  
 -  
 -  
 -  

1,75

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,18
 -  

0,00
 -  
 -  

0,18

  PP

 -  
 -  
 -  

0,05
 -  
 -  
 -  
 -  

0,05

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

BioCon-
version

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Synthetic
Fuel

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Wind

 -  
 -  
 -  
 -  

0,11
 -  
 -  
 -  

0,11

PV

 -  
 -  
 -  
 -  

0,09
 -  
 -  
 -  

0,09

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
1,49

 -  
 -  
 -  
 -  
 -  
 -  

1,49

househ.

 -  
0,36
0,01
0,64

 -  
 -  
 -  
 -  

1,01

Industry
Various

 -  
0,13
1,19
0,34

 -  
 -  
 -  
 -  

1,66

Total

0,00
2,01
1,20
3,25
0,24
0,00
0,00
0,00

6,70

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00
1,62
0,00
0,00
0,00
0,00

1,62

Netto

0,00
2,01
1,20
4,87
0,24
0,00
0,00
0,00

8,32

CO2 emission (Mt):
Total

0,00
0,53
0,24
0,00
0,00
0,00
0,00
0,00

0,77

Netto

0,00
0,53
0,24
0,00
0,00
0,00
0,00
0,00

0,77

25-September-2018 [09.07]



Input         South Savo 2040 RES 100-Biomass high_Biofuel 100_EV 0.txt The EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,35
0,14
0,00

500
500

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

1,07
0,43
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,00
1,49

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

260
0

260

0
0,0

GWh
Per cent

0
0
0

325
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
0
0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

1000
1000

0
0
0
0

1

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
0,00
0,00

0,00
0,97
1,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

26
26
26
26
26
26
26
26
26
26
26
26

26
26
26

0,23

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

132
109

94
73
39
19
10
10
29
73
90

106

65
244

0

0,57

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

27
21
19

8
1
0
0
0
0
8
8

13

9
120

0

0,08

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
38

-17

0,00

Elec.
demand
 MW 

187
176
168
151
138
129
127
132
143
156
168
169

154
248

77

1,35

Flex.&
Transp.
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

13
11
17
36
52
64
63
63
43
23
17
19

35
633

0

0,31

Tur-
bine
 MW 

12
10
16
34
49
61
58
61
39
22
17
17

33
220

0

0,29

RES
 MW 

158
150
185
208
206
231
178
162
131
155
152
197

176
918

3

1,55

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

105
87
75
58
31
15

8
8

23
59
72
84

52
195

0

0,46

 
PP
 MW 

5
13

2
1
2
0
7
8

18
9

21
9

8
141

0

0,07

Stab-
Load
 %

239
232
191
189
173
149
179
199
218
206
239
213

202
460
100

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

67
63
86

113
103
124

73
54
32
64
74

112

80
915

0

0,71

 
CEEP
 MW 

67
63
86

113
103
124

73
54
32
64
74

112

80
915

0

0,71

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

34

0

Exp

1
1
2
3
2
2
2
1
1
1
1
2

Average price
(EUR/MWh)

28

20

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,14
 -  
 -  
 -  
 -  

1,14

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,09
 -  

0,00
 -  
 -  

0,09

  PP

 -  
 -  
 -  

0,14
 -  
 -  
 -  
 -  

0,14

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

BioCon-
version

 -  
 -  
 -  

2,66
 -  
 -  

-1,65
 -  

1,01

Synthetic
Fuel

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Wind

 -  
 -  
 -  
 -  

1,07
 -  
 -  
 -  

1,07

PV

 -  
 -  
 -  
 -  

0,43
 -  
 -  
 -  

0,43

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

1,65
 -  

1,65

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  
 -  

1,66
 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
7,09
1,55
0,00
0,00
0,00

8,64

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-1,41
0,00
0,00
0,00
0,00

-1,41

Netto

0,00
0,00
0,00
5,67
1,55
0,00
0,00
0,00

7,22

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

10-September-2018 [20.06]



Input         South Savo 2040 RES 100-Biomass high_Biofuel 75_EV 25     2509.txtThe EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,34
0,14
0,00

500
550

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

1,07
0,48
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,13
1,61

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

270
0

270

0
0,0

GWh
Per cent

0
0
0

338
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
0
0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
0,00
0,00

0,00
0,97
1,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

21
21
21
21
21
21
21
21
21
21
21
21

21
21
21

0,18

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

136
113

98
77
44
24
15
15
33
78
95

110

70
248

0

0,61

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

28
22
20

8
1
0
0
0
0
9
9

14

9
120

0

0,08

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
46

-12

0,00

Elec.
demand
 MW 

186
176
168
150
137
128
126
132
143
156
167
168

153
248

77

1,34

Flex.&
Transp.
 MW 

20
16
19
20
24
25
23
23
21
21
16
17

20
110

-110

0,18

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

159
151
189
215
215
241
188
172
136
158
153
197

181
965

3

1,59

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

109
90
78
62
35
19
12
12
27
62
76
88

56
198

0

0,49

 
PP
 MW 

8
13

4
3

11
10
28
35
36
12
26
10

16
161

0

0,14

Stab-
Load
 %

451
460
421
460
434
412
444
473
526
474
475
418

454
3022

100

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

56
54
78

108
105
127

89
76
41
53
67

102

80
855

0

0,70

 
CEEP
 MW 

56
54
78

108
105
127

89
76
41
53
67

102

80
855

0

0,70

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

26

0

Exp

1
1
2
3
2
3
2
2
1
1
1
2

Average price
(EUR/MWh)

29

21

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,22
 -  
 -  
 -  
 -  

1,22

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,09
 -  

0,00
 -  
 -  

0,09

  PP

 -  
 -  
 -  

0,29
 -  
 -  
 -  
 -  

0,29

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

BioCon-
version

 -  
 -  
 -  

1,98
 -  
 -  

-1,23
 -  

0,75

Synthetic
Fuel

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Wind

 -  
 -  
 -  
 -  

1,07
 -  
 -  
 -  

1,07

PV

 -  
 -  
 -  
 -  

0,48
 -  
 -  
 -  

0,48

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

1,23
 -  

1,23

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  
 -  

1,66
 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
6,65
1,59
0,00
0,00
0,00

8,24

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-1,40
0,00
0,00
0,00
0,00

-1,40

Netto

0,00
0,00
0,00
5,25
1,59
0,00
0,00
0,00

6,84

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

25-September-2018 [09.29]



Input         South Savo 2040 RES 100-Biomass high_Biofuel 50_EV 50.txt The EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,34
0,14
0,00

500
600

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

1,07
0,52
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,25
1,73

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

280
0

280

0
0,0

GWh
Per cent

0
0
0

350
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
0
0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
0,00
0,00

0,00
0,97
1,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

140
117
102

81
48
29
20
20
38
82
99

114

74
253

0

0,65

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

28
23
21

9
1
0
0
0
1
9
9

14

10
120

0

0,08

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
47
-7

0,00

Elec.
demand
 MW 

186
175
167
150
137
128
126
131
142
155
167
168

153
247

77

1,34

Flex.&
Transp.
 MW 

37
28
35
36
42
40
42
40
40
36
30
29

36
215

-130

0,32

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

159
152
193
221
224
251
198
182
140
160
154
198

186
1012

3

1,64

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

112
93
81
65
39
23
16
16
30
66
79
91

59
202

0

0,52

 
PP
 MW 

6
11

2
0
0
0

12
17
30

7
26

8

10
181

0

0,09

Stab-
Load
 %

640
665
614
696
773
784
953

1079
873
725
682
609

758
5245

162

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

41
44
68
99
89

115
69
55
25
40
57
92

66
920

0

0,58

 
CEEP
 MW 

41
44
68
99
89

115
69
55
25
40
57
92

66
920

0

0,58

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

26

0

Exp

1
1
2
3
2
2
2
1
1
1
1
1

Average price
(EUR/MWh)

29

17

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,30
 -  
 -  
 -  
 -  

1,30

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,09
 -  

0,00
 -  
 -  

0,09

  PP

 -  
 -  
 -  

0,17
 -  
 -  
 -  
 -  

0,17

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

BioCon-
version

 -  
 -  
 -  

1,34
 -  
 -  

-0,83
 -  

0,51

Synthetic
Fuel

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Wind

 -  
 -  
 -  
 -  

1,07
 -  
 -  
 -  

1,07

PV

 -  
 -  
 -  
 -  

0,52
 -  
 -  
 -  

0,52

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

0,83
 -  

0,83

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  
 -  

1,66
 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
5,97
1,64
0,00
0,00
0,00

7,61

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-1,16
0,00
0,00
0,00
0,00

-1,16

Netto

0,00
0,00
0,00
4,81
1,64
0,00
0,00
0,00

6,44

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

10-September-2018 [21.03]



Input         South Savo 2040 RES 100-Biomass Low_Biofuel 50_EV 50.txt The EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,34
0,14
0,00

1000
700

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

2,14
0,61
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,25
1,73

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

270
0

270

0
0,0

GWh
Per cent

0
0
0

338
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
150

0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
1,00
0,00

0,00
0,97
0,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

157
132
116

88
49
29
20
20
39
89

106
123

81
253

0

0,71

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

12
7
7
2
0
0
0
0
0
2
2
5

3
120

0

0,03

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
25
-7

0,00

Elec.
demand
 MW 

186
175
167
150
137
128
126
131
142
155
167
168

153
247

77

1,34

Flex.&
Transp.
 MW 

39
32
39
37
45
46
43
42
40
40
38
37

40
215

-130

0,35

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

192
179
215
227
205
234
155
130
107
162
182
261

188
742

0

1,65

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

310
287
340
371
353
397
290
260
228
291
297
388

318
1551

3

2,79

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

126
106

93
71
40
23
16
16
31
71
84
99

64
203

0

0,57

 
PP
 MW 

2
7
4
0
5
6

20
25
27

4
18

3

10
179

0

0,09

Stab-
Load
 %

522
551
479
560
580
555
651
779
694
569
573
494

584
5243

112

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

7
5
8

26
16
27
12

7
4
7
8

16

12
727

0

0,11

 
CEEP
 MW 

7
5
8

26
16
27
12

7
4
7
8

16

12
727

0

0,11

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

29

0

Exp

0
0
0
1
0
1
0
0
0
0
0
0

Average price
(EUR/MWh)

28

3

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,41
 -  
 -  
 -  
 -  

1,41

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,03
 -  

0,00
 -  
 -  

0,03

  PP

 -  
 -  
 -  

0,17
 -  
 -  
 -  
 -  

0,17

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  

-1,15
 -  
 -  

-1,15

BioCon-
version

 -  
 -  
 -  

1,34
 -  
 -  

-0,83
 -  

0,51

Synthetic
Fuel

 -  
 -  

-1,00
 -  
 -  

1,15
 -  
 -  

0,15

Wind

 -  
 -  
 -  
 -  

2,14
 -  
 -  
 -  

2,14

PV

 -  
 -  
 -  
 -  

0,61
 -  
 -  
 -  

0,61

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

0,83
 -  

0,83

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  

1,00
0,66

 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
5,02
2,79
0,00
0,00
0,00

7,81

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-0,21
0,00
0,00
0,00
0,00

-0,21

Netto

0,00
0,00
0,00
4,81
2,79
0,00
0,00
0,00

7,60

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

11-September-2018 [17.41]



Input         South Savo 2040 RES 100-Biomass Low_Biofuel 25_EV 75.txt The EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,34
0,14
0,00

1000
900

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

2,14
0,78
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,37
1,85

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

300
0

300

0
0,0

GWh
Per cent

0
0
0

375
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
150

0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
1,00
0,00

0,00
0,97
0,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

11
11
11
11
11
11
11
11
11
11
11
11

11
11
11

0,10

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

162
137
121

93
54
34
25
25
44
94

111
128

86
258

0

0,75

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

12
7
6
2
0
0
0
0
0
2
2
5

3
120

0

0,03

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
30
-2

0,00

Elec.
demand
 MW 

185
175
167
149
136
127
125
131
142
155
166
167

152
247

76

1,34

Flex.&
Transp.
 MW 

55
44
56
57
63
64
59
60
60
56
51
50

56
319

-125

0,49

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

183
172
214
232
214
241
160
139
106
160
175
251

187
709

0

1,65

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

312
292
356
398
388
437
331
299
247
301
299
389

338
1737

3

2,97

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

130
110

97
75
44
27
20
20
35
75
88

103

68
207

0

0,60

 
PP
 MW 

1
4
1
0
0
0
3

10
23

2
18

2

5
199

0

0,05

Stab-
Load
 %

668
719
622
711
790
788

1105
1262

950
754
744
643

814
6143

144

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

6
6

10
33
24
40
19
11

5
6
9

17

15
890

0

0,13

 
CEEP
 MW 

6
6

10
33
24
40
19
11

5
6
9

17

15
890

0

0,13

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

29

0

Exp

0
0
0
1
0
1
0
0
0
0
0
0

Average price
(EUR/MWh)

29

4

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,50
 -  
 -  
 -  
 -  

1,50

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,03
 -  

0,00
 -  
 -  

0,03

  PP

 -  
 -  
 -  

0,09
 -  
 -  
 -  
 -  

0,09

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  

-1,15
 -  
 -  

-1,15

BioCon-
version

 -  
 -  
 -  

0,66
 -  
 -  

-0,41
 -  

0,25

Synthetic
Fuel

 -  
 -  

-1,00
 -  
 -  

1,15
 -  
 -  

0,15

Wind

 -  
 -  
 -  
 -  

2,14
 -  
 -  
 -  

2,14

PV

 -  
 -  
 -  
 -  

0,78
 -  
 -  
 -  

0,78

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

0,41
 -  

0,41

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  

1,00
0,66

 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
4,35
2,97
0,00
0,00
0,00

7,31

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-0,27
0,00
0,00
0,00
0,00

-0,27

Netto

0,00
0,00
0,00
4,08
2,97
0,00
0,00
0,00

7,04

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,04

11-September-2018 [18.28]



Input         South Savo 2040 RES 100-Biomass Low_Biofuel 0_EV 100.txt The EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess; 

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,33
0,14
0,00

1100
900

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

2,35
0,78
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,50
1,97

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

310
0

310

0
0,0

GWh
Per cent

0
0
0

388
0

120

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
500

0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
1,00
0,00

0,00
0,97
0,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

6
6
6
6
6
6
6
6
6
6
6
6

6
6
6

0,05

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

163
141
124

97
59
39
30
30
48
97

114
131

89
263

3

0,79

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

15
9
8
3
0
0
0
0
0
4
4
7

4
120

0

0,04

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
27

0

0,00

Elec.
demand
 MW 

185
174
166
149
136
127
125
130
141
154
166
167

152
246

76

1,33

Flex.&
Transp.
 MW 

70
59
71
73
77
80
79
73
78
68
67
66

72
408

-183

0,63

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

191
181
221
236
217
245
154
128

98
168
179
259

190
709

0

1,67

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

342
319
384
425
411
462
345
311
263
326
328
427

362
1827

3

3,18

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

131
112

99
78
47
31
24
24
39
78
91

105

71
211

2

0,63

 
PP
 MW 

0
2
0
0
0
0
0
0

13
0

14
0

2
218

0

0,02

Stab-
Load
 %

781
851
737
838
936
932

1327
1641
1270

901
913
757

991
6850

163

 
Imp
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Exp
 MW 

13
10
18
44
34
50
22
13

5
12
16
32

22
1017

0

0,20

 
CEEP
 MW 

13
10
18
44
34
50
22
13

5
12
16
32

22
1017

0

0,20

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

0
0
0
0
0
0
0
0
0
0
0
0

30

0

Exp

0
0
0
1
1
1
0
0
0
0
0
0

Average price
(EUR/MWh)

29

6

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,57
 -  
 -  
 -  
 -  

1,57

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,04
 -  

0,00
 -  
 -  

0,04

  PP

 -  
 -  
 -  

0,04
 -  
 -  
 -  
 -  

0,04

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  

-1,16
 -  
 -  

-1,16

BioCon-
version

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Synthetic
Fuel

 -  
 -  

-1,01
 -  
 -  

1,16
 -  
 -  

0,15

Wind

 -  
 -  
 -  
 -  

2,35
 -  
 -  
 -  

2,35

PV

 -  
 -  
 -  
 -  

0,78
 -  
 -  
 -  

0,78

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  

1,00
0,66

 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00

-0,01
3,72
3,18
0,00
0,00
0,00

6,88

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00

-0,39
0,00
0,00
0,00
0,00

-0,39

Netto

0,00
0,00

-0,01
3,32
3,18
0,00
0,00
0,00

6,49

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

11-September-2018 [22.04]



Input         South Savo 2040 RES 100-Biomass Low_Biofuel 50_EV 50_Import Elec 10 Bio 0.txtThe EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess;  (3) PP/Import problem

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,34
0,14
0,00

800
700

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

1,71
0,61
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,25
1,73

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

100
0

100

0
0,0

GWh
Per cent

0
0
0

125
0

50

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
150

0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  Basic

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
1,00
0,00

0,00
0,97
0,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

121
119
111

88
49
29
20
20
39
89

104
112

75
125

0

0,66

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

31
18
11

2
0
0
0
0
0
2
4

15

7
50

0

0,06

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

17
3
0
0
0
0
0
0
0
0
0
1

2
90
-7

0,02

Elec.
demand
 MW 

186
175
167
150
137
128
126
131
142
155
167
168

153
247

77

1,34

Flex.&
Transp.
 MW 

29
28
29
33
40
38
42
39
40
35
31
29

35
215
-91

0,30

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

208
197
220
236
192
210
138
121
105
171
199
264

188
742

18

1,66

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

250
234
284
316
308
347
262
237
197
241
240
312

269
1372

3

2,36

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

97
95
89
71
40
23
16
16
31
71
83
90

60
100

0

0,53

 
PP
 MW 

0
1
2
8

13
7

17
23
31
11

7
1

10
89

0

0,09

Stab-
Load
 %

573
588
502
538
571
578
695
747
669
575
618
525

598
2720

100

 
Imp
 MW 

90
80
49
31

7
0
5
6

22
40
70
65

39
298

0

0,34

 
Exp
 MW 

0
1
2
6
3

10
3
1
0
0
0
0

2
508

0

0,02

 
CEEP
 MW 

0
1
2
6
3

10
3
1
0
0
0
0

2
508

0

0,02

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

2
2
1
1
0
0
0
0
0
1
2
2

33

11

Exp

0
0
0
0
0
0
0
0
0
0
0
0

Average price
(EUR/MWh)

29

1

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,32
 -  
 -  
 -  
 -  

1,32

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,07
 -  

0,00
 -  
 -  

0,07

  PP

 -  
 -  
 -  

0,18
 -  
 -  
 -  
 -  

0,18

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  

-1,15
 -  
 -  

-1,15

BioCon-
version

 -  
 -  
 -  

1,34
 -  
 -  

-0,83
 -  

0,51

Synthetic
Fuel

 -  
 -  

-1,00
 -  
 -  

1,15
 -  
 -  

0,15

Wind

 -  
 -  
 -  
 -  

1,71
 -  
 -  
 -  

1,71

PV

 -  
 -  
 -  
 -  

0,61
 -  
 -  
 -  

0,61

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
 -  
 -  
 -  
 -  
 -  

0,83
 -  

0,83

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  

1,00
0,66

 -  
 -  
 -  
 -  

1,66

Total

0,00
0,00
0,00
4,96
2,36
0,00
0,00
0,00

7,32

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00
0,64
0,00
0,00
0,00
0,00

0,64

Netto

0,00
0,00
0,00
5,60
2,36
0,00
0,00
0,00

7,96

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

24-September-2018 [11.58]



Input         South Savo 2040 RES 100-Biomass Low_Biofuel 50_EV 50_Import Elec 10 Bio 50.txtThe EnergyPLAN model 12.0

Output          WARNING!!: (1) Critical Excess;  (3) PP/Import problem

Electricity demand (TWh/year):
Fixed demand
Electric heating + HP
Electric cooling

District heating (TWh/year)               Gr.1         Gr.2         Gr.3         Sum
District heating demand
Solar Thermal
Industrial CHP (CSHP)
Demand after solar and CSHP

Wind
Photo Voltaic
River Hydro
Wave Power
Hydro Power
Geothermal/Nuclear

1,33
0,14
0,00

800
700

7
0
0
0

MW
MW
MW
MW
MW
MW

Flexible demand
Fixed imp/exp.
Transportation
Total

1,71
0,61
0,05

0
0
0

0,29
0,00
0,00
0,29

TWh/year
TWh/year
TWh/year
TWh/year
TWh/year
TWh/year

0,00
0,00
0,00
0,00

0,00
0,00
0,00
0,00

0,88
0,00
0,00
0,88

0,00
0,00
0,25
1,72

1,17
0,00
0,00
1,17

Grid
stabili-
sation
share

                                Capacities           Efficiencies
Group 2:                MW-e   MJ/s     elec.   Ther     COP
CHP
Heat Pump
Boiler
Group 3:
CHP
Heat Pump
Boiler
Condensing

Heatstorage:   gr.2:                             gr.3:
Fixed Boiler:   gr.2:                             gr.3:

Electricity prod. from     CSHP    Waste  (TWh/year)
Gr.1:
Gr.2:
Gr.3:

0
0

100
0

100

0
0,0

GWh
Per cent

0
0
0

125
0

50

0,00
0,00
0,10

0,40

0,40

0,50

0,00
0,00
0,04

0
0,0

GWh
Per cent

0,50

0,90

0,50

0,90

3,00

3,00

Regulation Strategy:
KEOL regulation
Minimum Stabilisation share
Stabilisation share of CHP
Minimum CHP gr 3 load
Minimum PP 
Heat Pump maximum share
Maximum import/export

Distr. Name :
Addition factor
Multiplication factor
Dependency factor
Average Market Price
Gas Storage
Syngas capacity
Biogas max to grid

Technical regulation no. 2
80000000

0,20
0,00

0
0

0,50
0

FIN Hourly Elspot Price EUR 2015 (SAVO).txt
0,00
1,00
0,00

30
150

0
0

MW
MW

MW

EUR/MWh

EUR/MWh pr. MW
EUR/MWh
GWh
MW
MW

                         Capacities Storage Efficiencies
                           MW-e   GWh   elec.   Ther.

Fuel Price level:  

Hydro Pump:
Hydro Turbine:
Electrol. Gr.2:
Electrol. Gr.3:
Electrol. trans.:
Ely. MicroCHP:
CAES fuel ratio:

(TWh/year)      Coal     Oil     Ngas   Biomass

Transport
Household
Industry
Various

0
0
0
0
0
0

0

0
0
0
0

0,000

0,00
0,00
0,00
0,00

0,83
0,00
0,00
0,00

0,97
0,97
0,80
0,80
0,75
0,80

0,10
0,10

0,00
0,00
1,00
0,00

0,00
0,97
0,66
0,00

District Heating Electricity Exchange
Demand Production Consumption Production Balance

January
February
March
April
May
June
July
August
September
October
November
December

Average
Maximum
Minimum

TWh/year

Distr. 
heating

 MW 

247
207
185
142

87
60
48
48
73

143
165
192

133
370

12

1,17

 
Solar
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

6
6
6
6
6
6
6
6
6
6
6
6

6
6
6

0,05

 
DHP
 MW 

62
52
46
35
22
15
12
12
18
36
41
48

33
93

3

0,29

 
CHP
 MW 

121
120
114

96
59
39
30
30
48
97

110
116

82
125

3

0,72

 
 HP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

ELT
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

 
Boiler
 MW 

36
25
17

3
0
0
0
0
0
4
7

20

9
50

0

0,08

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Ba- 
lance
 MW 

21
5
1
0
0
0
0
0
0
0
0
3

2
105

0

0,02

Elec.
demand
 MW 

185
174
166
149
136
127
125
130
141
154
166
167

152
246

76

1,33

Flex.&
Transp.
 MW 

29
28
28
32
39
39
40
38
41
32
30
28

34
215
-83

0,30

 
 HP
 MW 

30
26
23
17
11

7
6
6
9

18
20
24

16
46

1

0,14

Elec- 
trolyser
 MW 

206
195
223
245
202
217
142
124
108
177
202
266

192
742

15

1,69

 EH
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Hydro
Pump
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Tur-
bine
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

RES
 MW 

250
234
284
316
308
347
262
237
197
241
240
312

269
1372

3

2,36

Hy-
dro
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Geo-
thermal

 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

Waste+
CSHP
 MW 

16
16
16
16
16
16
16
16
16
16
16
16

16
16
16

0,14

 
CHP
 MW 

97
96
91
77
47
31
24
24
39
78
88
93

65
100

2

0,57

 
PP
 MW 

0
0
1
6

11
6

13
19
26

7
4
0

8
81

0

0,07

Stab-
Load
 %

572
586
500
529
555
555
697
747
668
574
621
524

594
2366

100

 
Imp
 MW 

86
77
49
33

8
0
2
4

21
40
69
64

38
291

0

0,33

 
Exp
 MW 

0
1
2
7
5

11
4
1
0
1
0
0

2
519

0

0,02

 
CEEP
 MW 

0
1
2
7
5

11
4
1
0
1
0
0

2
519

0

0,02

 
EEP
 MW 

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0,00

  Payment 
Imp

 Million EUR 

2
2
1
1
0
0
0
0
0
1
2
2

33

11

Exp

0
0
0
0
0
0
0
0
0
0
0
0

Average price
(EUR/MWh)

30

1

FUEL BALANCE (TWh/year):

Coal
Oil
N.Gas
Biomass
Renewable
H2 etc.
Biofuel
Nuclear/CCS

Total

 DHP

 -  
 -  
 -  

0,32
 -  
 -  
 -  
 -  

0,32

CHP2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

CHP3

 -  
 -  
 -  

1,43
 -  
 -  
 -  
 -  

1,43

Boiler2

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Boiler3

 -  
 -  
 -  

0,09
 -  

0,00
 -  
 -  

0,09

  PP

 -  
 -  
 -  

0,14
 -  
 -  
 -  
 -  

0,14

Geo/Nu.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Hydro

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Waste

 -  
 -  
 -  

0,11
 -  
 -  
 -  
 -  

0,11

CAES
Elc.ly.

 -  
 -  
 -  
 -  
 -  

-1,18
 -  
 -  

-1,18

BioCon-
version

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Synthetic
Fuel

 -  
 -  

-1,02
 -  
 -  

1,18
 -  
 -  

0,15

Wind

 -  
 -  
 -  
 -  

1,71
 -  
 -  
 -  

1,71

PV

 -  
 -  
 -  
 -  

0,61
 -  
 -  
 -  

0,61

Hydro

 -  
 -  
 -  
 -  

0,05
 -  
 -  
 -  

0,05

Wave

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

Solar.Th.

 -  
 -  
 -  
 -  
 -  
 -  
 -  
 -  

 -  

 Transp.

 -  
0,83

 -  
 -  
 -  
 -  
 -  
 -  

0,83

househ.

 -  
 -  
 -  

0,97
 -  
 -  
 -  
 -  

0,97

Industry
Various

 -  
 -  

1,00
0,66

 -  
 -  
 -  
 -  

1,66

Total

0,00
0,83

-0,02
3,73
2,36
0,00
0,00
0,00

6,90

Imp/Exp Corrected
Imp/Exp

0,00
0,00
0,00
0,62
0,00
0,00
0,00
0,00

0,62

Netto

0,00
0,83

-0,02
4,35
2,36
0,00
0,00
0,00

7,52

CO2 emission (Mt):
Total

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

Netto

0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00

0,03

24-September-2018 [14.33]


