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ABSTRACT: The aim of the study is to promote ways to reach the goals of the carbon neutrality at the South Savo 

region in eastern Finland by examining the solutions for emission reductions and forest use. The study has taken the 

first step for reaching the cost-effective carbon neutrality at the regional level in Finland. The carbon dioxide neutral 

region means that the region's internal activity does not change the carbon content of the atmosphere. The carbon 

neutral society produces just as much carbon emissions as it can bind from the atmosphere. The study started by 

updating the regional energy balance and its carbon influence. Second, the carbon impact on forest use was measured. 

Finally, the cost-efficiency of alternative carbon neutrality solutions will be estimated. The study will be carried out by 

combining alternative emission reduction solutions and forest management simulations with computable general 

equilibrium (CGE) modelling. Permanent National Forest Inventory plots were used as an input of forest management 

simulations. Then, applying a modified CGE model (RegFinDyn), the economic and emission impacts of alternative 

carbon balance solutions will be assessed at the regional level. Earlier results have shown that a more intensive use of 

forests decreases the carbon sequestration potential but increases the regional socio-economic benefits. The carbon 

balance should be compensated either for emission reduction solutions or by controlling the use of forests. It is 

important to choose the solutions which are not only the emission efficient but also cost-efficient at the regional level. 

Keywords: economics, emissions, energy, forestry, regional. 

 

 

1 INTRODUCTION 

 

The report of IPCC [1] demands more ambitious 

ways to tackle global warming of 1.5 °C above pre-

industrial levels. According to the best estimate from the 

IPCC, a global carbon budget should stay between 420 

and 570 billion tonnes of carbon dioxide to keep global 

warming under 1.5 °C level. Heat and electricity 

production account for 25% in global greenhouse gas 

emissions, agricultural, forestry and other land use by 

24% and the third highest is produced by industry sector 

with 21% share in 2010 (total 49 Gt CO2 eq.) [2]. Instead 

of a carbon budget´s uncertainty, it is recommended to 

use global net zero level emission balance, where sinks 

equal to emissions and those could be leaded by the 

country-specific emissions path [3]. This could 

encourage the smaller regions to achieve their carbon 

neutrality projects. The carbon dioxide neutral region 

means that the region's internal activity does not change 

the carbon content of the atmosphere. The carbon neutral 

society produces less carbon emissions than it can 

compensate other ways from the atmosphere. When EU 

has tightened the goals for carbon neutrality by 2050 [4], 

there must be even more ambitious targets at the national 

or regional level. 

Total emissions in Finland were 56 million tons of 

CO2 eq. in 2017 [5]. Corresponding the share of Finnish 

CO2 eq. emissions was 0.15% of total global greenhouse 

gas emissions in 2010. Energy sector is the biggest 

source of emissions in Finland with share of 74%, the 

second one is agriculture (12%) and third is the industry 

processes and product use (11%) [5]. There are several 

cities/municipalities [6,7] aiming carbon neutrality in 

Finland. In this study, we examine the potential of 

carbon neutrality of South Savo region (19130 km2) that 

includes 3 cities and 9 municipalities.  

The forests are important part of carbon balance in 

Finland. Land use, Land Use Change and Forestry 

“LULUCF” is accounted for the soil, trees, plants, biomass 

and timber greenhouse gases in national reference level in 

Finland [8]. On the other hand, the significance and 

solutions of forest based emission sector differs in relation 

to specific regions. South Savo is the most important wood 

supply area in Finland with the largest wood selling 

incomes. Increasing demand and supply for wood has 

brought benefits to South Savo regional economy income 

[9,10], but on the other hand it has also an effect on the 

environmental sustainability such as carbon balance. 

According to earlier regional surveys, the total carbon 

balance has been changing from 2005 [11] to 2010 [12] 

slightly negatively at South Savo region. Further, wood 

removal of South Savo has risen very close to the limits of 

annual forest growth in recent years (growth 9 M.m3/a, 

wood removal 9 Mm3 in 2017) [13]. However, carbon sink 

varies annually, which effects the overall carbon balance.  

In addition to national energy and climate strategy 

[14], the economics of emission reductions has been 

studied in Finland lately. Long-term energy and climate 

policy scenarios of Finland have been assessed for the 

Finnish economy model by utilizing Computable general 

equilibrium (CGE) model, FINAGE [15]. The results 

showed that although the scenarios make very different 

choices of technology and in terms of emission control, 

choices affect the rest of the economy moderately. The 

economy and environmental challenges could be studied 

by using CGE modelling also at regional level [16].  
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2 MATERIAL AND METHODS 

 

2.1 Regional emission balance 

The study focused on the South Savo region in 

eastern Finland (Figure 1). The area includes 14 

cities/municipalities. In this study the regional energy 

balances were changed to energy emissions and further 

were used to analyse long-term energy emissions. 

Regional energy balance informs the energy 

production and consumption at the region. Emission 

analysis of this study was based both earlier regional 

energy balances in 2006 [17] and 2015 [9], and here in 

2017. In addition, regional total emissions have been 

clarified in 2005 and 2010 by other authorities [12]. Also 

the energy sector emissions in 1992 and 1999 were 

included here. Here the starting point in 1990 was 

estimated (1000 kt CO2 eq.), which would define the 

regional minimum emission target, which could be 

compensated (200 kt CO2 eq.). Emission reduction 

should be at least 80% of the emissions from the starting 

point 1990 and other 20% can be compensated. Regional 

primary energy sources from the energy balance 2017 

were converted to the emissions by using conversion 

factors (Table I).  

 

 
 

Figure 1: South Savo is located in eastern Finland 

 

Table I: Emission conversion factors used in the study 

of 2017 

 

 
 

2.2 Regional forest carbon  

The current forest resources on the South Savo 

region were represented by the 11th National Forest 

Inventory "NFI" (2009-2013) data. Stand projections 

were based on the Motti stand simulator. Motti is a 

stand-level forest management and decision support tool 

that consists of stand-level models and distance-

independent individual-tree models for predicting stand 

dynamics (regeneration, growth and mortality) and stand 

structure [18, 19]. Growth and yield models of the Motti 

are based on extensive empirical data covering whole 

commercial wood production area in Finland with 

different site types and tree species [19, 20, 21]. The 

predicted response to different forest management 

practices are based on empirical data, which covers all 

common forest management practices applied in 

practical forestry in Finland over recent decades. The 

performance of the Motti simulator has been evaluated 

in permanent long-term experimental data [eg. 22, 23, 24] 

as well as in Finnish NFI data [18]. Motti stand simulator 

has been applied widely in analyses at different spatial 

levels from stand-level to regional and national levels [25, 

26].  

In this study, the aim was to analyse the baseline 

development of regional wood carbon level of living trees 

by 2040 based on the current forest structure and the 

simulated forest development. In the scenario (based on 

the simulation) regional cutting was assumed to stay at 

current level, ca. 7.3 M.m3 (average 2015-2017). As well 

as forest silviculture represented the current situation. 

The wood storage was kept at the same level during 

the period. The soil and other land-use carbon was 

excluded in this study. The simulation results presented the 

5 year periods starting from 2013 and ending at 2038.  
 

 

3 RESULTS 

 

3.1 Regional emissions  

Regional energy production of South Savo consisted 

of renewable wood fuels (41%) and other primary energy 

production sources (59%) in 2017 (total energy: 7 128 

GWh) (Figure 2). Corresponding energy consumption of 

South Savo included heating (41%), electricity (own 

production 11%, import 20%), transportation (23%) and 

energy loses (11%).  

 

 
 

Figure 2: Primary energy production sources of South 

Savo in 2017 (7 128 GWh) 

 

 
 

Figure 3: Total regional emissions of primary energy 

sources of South Savo in 2017 (925 kt CO2 eq.) 

 

Energy sector emissions of South Savo was totally 925 

kt CO2 eq. in 2017 according to energy balance (2.2% of 

total emissions of Finland), which were divided on 

primary energy sources including road traffic and import 

electricity (Figure 3). Emissions were collected from each 

Heavy Light GWP-

Peat fuel oil fuel oil Coal Gas factor

CO2, [gCO2/MJ] 105,9 78,8 72 92,7 64,9 1

CH4, [mgCH4/MJ] 2 - 30 1 1 - 5 1 1 - 5 25

N2O, [mgN2O/MJ] 2 - 7 1 1 - 4 1 1 298
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city/municipal areas (14 units) separately, of which the 

biggest emissions were in Mikkeli city (289 kt CO2 eq, 

31% of total emissions of South Savo region). 

The biggest source of regional emissions was the 

road traffic, 41% (398 kt CO2 eq.). 

 

 

3.2 Regional carbon balance development 

 Emissions have been analysed according to the 

energy production and total level for several times at the 

region of South Savo (Figure 4). The results showed that 

even the emissions have been decreased, the emission 

reduction should be strengthened in the near future.   

 

 
 

Figure 4: Regional emissions of South Savo from 1990 

to 2040  

 

Preliminary results of the forest management 

simulations showed that the changes in the carbon 

storage of living trees varied easily between the 5-year 

periods (Figure 5), being on average -1664 kt CO2 

between the simulation period from 2013 to 2038, in 25 

years. It must be noticed that the corresponding change 

represents 0.8% of forest carbon storage level at region, 

which was 201 505 kt CO2 in the end of simulation 

period. The starting point of the carbon storage of living 

trees was 199 841 kt CO2 at the region in the beginning 

of simulation.  

 

 
 

Figure 5: Regional change in the carbon storage of 

living trees based on the preliminary results of forest 

management simulation of 25 years (wood carbon, soil 

carbon excluded) 

 

 

4 CONCLUSION 

 

 The regional carbon balance of energy sector and 

change of forest carbon storage was measured at the 

South Savo region of Finland. The development in 

recent years has showed that even though the energy 

emissions have been decreased, the change of forest 

carbon storage has developed oppositely. On the other 

hand, the study showed that the forest carbon sink 

development is still positive in the long-run even if the 

cutting and forest silviculture would stay at the current 

level (BAU). 

 However, annual change of forest carbon storage 

would be significantly lower (average 1664 kt CO2 eq. 

wood carbon sink in 25 years) than carbon sink from the 

early study 2008-2010 (1200-4000 kt CO2 eq. annual 

wood carbon sink) [27]. Carbon balance analysis showed 

the emission reduction and carbon sequestration 

requirements to achieve regional carbon freedom. This 

study indicated the need of actions to increase forest 

carbon sink or using other compensation methods to cover 

regional emissions. Otherwise, the emissions must be even 

at lower level, which seems unrealistic for this timetable. 

 There are several ways to reach theoretically carbon 

freedom at South Savo by using more sustainable energy 

sources [28], but it should be done cost-efficiently. The 

regional challenge is the private decision making towards 

increased use of renewable resources. Globally, Stern 

review on the economics of climate change [29] has shown 

that emission reductions will be more affordable than not 

stopping global warming. Nationally, the emission 

reductions can be done economically reasonable in 

Finland [15]. In addition, the statistics of Finland shows 

that Gross Domestic Product (GDP) has been increasing at 

the same time when the emissions have been falling [30]. 

Recently, solutions for national cost-efficient emission 

reduction has been especially presented by electrifying 

transport sector and increasing wind power usage [31], but 

regional solutions may differ. 

 The cost-efficiency of alternative energy solutions 

should be compared with the economic modelling at the 

regional level. Emission reduction potential should to be 

studied for the separate regions to analyse their own 

specific features either by reducing emissions, increasing 

carbon storages or buying compensation shares. Options 

will give local companies, authorities and public emission 

reduction targets and controlling tools to the practice 

decision making. We will continue to identify the most 

cost-effective solutions by utilizing CGE modelling with 

specific statistical information at the regional level.  
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