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1 Summary
Effects of local reduction measures of green house gas emissions, especially carbondioxide (CO2) emissions,
in urban area of Kuopio were investigated in the international URGENCHE-project. Assessed reduction
measures were 1) increased use of biomass in the local Haapaniemi combined heat and power plant (CHPplant), 2) energy renovations of houses, 3) increased use of biofuels in traffic and 4) increased use wood in
small scale combustion for heating houses.
Impact assessment was based on comparing 2010 baseline scenario with 2020 BAU (business as usual)
scenario and 2020 CO2 interventions scenario. Emission assessment was targeted on CO2 emissions and
particulate matter, health impact assessment on PM2.5 and wellbeing assessment on energy renovations
and heating solutions of houses. Health impacts were estimated as number of saved health/death cases
and as burden of disease.
This assessment implies that the CO2 emissions of Kuopio urban area could be reduced to 50 % by
increasing use of biomass in Haapaniemi power plant, decreasing heating energy demand (and production)
by energy renovations of houses and by increasing the use of biofuels in traffic to a share of 30% of the
total fuels. These measures would also decrease noticeably particulate matter emissions from the local
sources. Increased use of wood in small scale combustion would decrease slightly CO2 emissions, but on the
other hand it would increase emissions of particulate matter and thus causing negative health effects.
Even though these CO2 emission reduction measures decrease noticeably emissions of particulate matter
from the local sources, there’s only a minor decrease of slightly over 4 % in annual ambient average
concentration of PM2.5. This is because PM2.5 in Kuopio area mainly originates from long distances sources,
which cannot be regulated by local reduction measures. Because of this, these measures lower only slightly
PM2.5 exposure and resulting to minor health effects: saving couple of premature deaths and development
of chronic bronchitis as well as by saving around 400 work loss days.
Based on a simple cost evaluation, economic value of the health effects caused by PM2.5 exposure in the
Kuopio urban area are around 33 million euros per year. Around 1.5 million euros per year could be saved
with the assessed emission reduction measures.
Wellbeing assessment was based on qualitative analysis of survey data, which was collected from Kuopio
population during this project. Based on this evaluation ventilation of houses and the quality of indoor air
as well as indoor temperatures are related to experienced wellbeing. Energy renovations of houses could
improve wellbeing by increasing indoor temperatures at winter time, but on the other hand negative
effects can be followed, if temperatures are increased also in summer time and if quality of indoor air gets
worst when making building envelope tighter. Survey data also implied that smoke from small scale
combustion could decrease wellbeing of population.
Based on this assessment increased use of biomass in Haapaniemi CHP-plant would be a recommended
measure to decreased CO2 emissions in Kuopio area. Other assessed measures (energy renovations of
houses, increased use of biofuels in traffic and increased use of small scale combustion of wood for heating
houses) would decrease CO2 emissions, but these measures might have unknown or even negative effects
on other emissions, health and wellbeing, and because of this those cannot be recommend as applicable
measures to reduce CO2 emission.
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2 Background
City of Kuopio participated between 2011-2014 to the international URGENCHE-project, which aimed to
assess effect of local green house gas emission reduction measures on health and wellbeing. Other Finnish
partners were National Institute for Health and Welfare (THL) and Finnish Environment Agency (SYKE). In
addition of Kuopio, city case studies were targeted to Basel, Stuttgart, Rotterdam and Thessaloniki in
Europe and Suzhou and Xi’an in China. Project partners are listed in Annex 1. Project was financed by EU’s
Seventh Framework Programme (FP7).

3 Kuopio’s climate policy programme 2009-2020
Prior to 2009 the city of Kuopio implemented several measures intended to mitigate climate change mainly
by reducing greenhouse gas (GHG) emissions. The most important actions have been 1) joining to the
national Climate campaign for municipalities in 1997, 2) signing in an energy savings agreement (ESA) in
2001, 3) implementing the first climate strategy in 2003, 4) carrying out several energy-saving projects in
2004-2007 and 5) signing in a new energy efficiency agreement (EEA) in 2007 with the Ministry of Labor and
Industries.
The current climate policy programme for years 2009-2020 was signed in 2009. The general vision of the
climate policy of the city of Kuopio is:
“In Kuopio everyone will do their share to decrease the greenhouse gas emissions and prepare for climate
change by 2020“
The policy programme includes the following goals.

1. Greenhouse gas emissions to fall by at least 40 % of the 1990 level by 2020
2. Energy use of city organization to fall to by at least 9 % of the 2005 levels before 2016.
3. Reduced greenhouse gas emissions from traffic and transport through encouraging use of
public transport, walking and cycling.
4. More energy will be produced from renewable energy sources
5. The effects of the climate change will be identified and prepared for.
6. Everyone will acknowledge the effects of their own actions and choices on energy
consumption and greenhouse gas emissions.

4 GHG-emissions in Kuopio
The main sources of greenhouse gas emissions in Kuopio are district heating, industry and working
machines and traffic (Figure 1). In 2010 the total GHG emissions of Kuopio area were around 1040 kt/CO2-eq
and in 2012 around 809 kt/CO2-eq (CO2-Raportti 2014).
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Figure 1. Sources and amount of the total GHG-emissions in Kuopio area.

Heating of buildings (district heat, electricity, separate heating) is the major source of CO2-emissions by
proportion of 42% from total (Figure 2).

Figure 2. Proportion of sources of the total GHG-emissions in Kuopio in year 2010.
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5 Urgenche scenarios in Kuopio
5.1 Selected GHG-reduction polices for assessments
The current climate policy programme of Kuopio was used as a starting point for the Urgenche WP10
scenarios to make assessment realistic and to produce usable information for the city of Kuopio on the
health effects of its policy programme. Representatives from several departments of the city organization
(traffic planning, town planning, land use, power plant company and environmental protection services)
were involved in discussions and defining of realistic CO2 intervention policies that should be assessed in
the Kuopio work package. Selected policies (i.e. interventions, GHG-emission reduction actions) can be
classified as follows:
1) Production of heating energy
a. Increased use of biomass in the local Haapaniemi combined heat and power plant (CHPplant)
b. Increased use of small scale combustion of wood
2) Energy efficiency in buildings
a. Better insulation of houses (renovated and new ones)
3) Traffic
a. Increased use of biofuels in traffic (estimated as lower emitting cars because lack of
emission factor data for biofuels)

5.2 Scenarios
Assessments were based on 1. comparison of the 2010 baseline scenario, describing the current situation,
2. with 2020 business-as-usual (BAU) scenario describing situation in 2020 without any additional actions
and 3. with 2020 the CO2 interventions scenario including the CO2 reduction policies listed above. The 2020
BAU scenario includes future extrapolations for growth of population, traffic volumes, housing volume and
use of heating energy based on current knowledge (Table 1). The 2020 CO2 interventions scenario makes
assumptions based on effects of selected GHG emission reduction actions.
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Table 1. Assumptions for assessed scenarios.

Source

2010 baseline

2020 BAU

Haapaniemi
CHP-plant

* 4 % biomass
* Total production as
in 2010

* 4 % biomass
* Total production based on
estimated need for 2020 (new
buildings, energy renovations
in old ones)
* 20 % biofuels
* Fuel usage as estimated
based on traffic volume
increase
* Car fleet EURO4 classified
* 3 % of residences energy
repaired in each year (20102020)
* Heating energy need of
renovated and new buildings
70 kWh/m2
* Heating methods of
residences as in 2010

2020 CO2 interventions (1)

* 50 % biomass
* Total production based on
estimated need for 2020 (new
buildings, energy renovations
in old ones)
Traffic
* 5 % biofuels
* 30 % biofuels
* Fuel usage as in 2010
* Fuel usage as estimated
* Car fleet EURO3
based on traffic volume
classified
increase
* Car fleet EURO5 classified
Residences
* Average heating
* 3 % of residences energy
energy
need in residences 166
repaired in each year (2010efficiency and kWh/m2 (assumption
2020)
separate
based on district heat
* Heating energy need of
heating
usage in 2010)
renovated and new buildings
* Heating methods of
25 kWh/m2
residences as in 2010
* Oil heating replaced with
small scale wood burning
* Double the use of wood for
supporting heating compared
to 2010.
(1) Additional scenario 2020 CO2 interventions with no increased use of wood (2020 CO2
interventions – no wood) also calculated

5.3 Boundaries of the assessment
5.3.1 Area
The main urban area of Kuopio, size 15km x 10km, between suburbs of Pitkälahti and Sorsasalo was
selected as the target area for the assessments (Figure 3). This area covers (in 2010) 62 % of residential
buildings (53 % of detached houses, 96 % of row houses, and 99 % of apartment buildings) and 87 %
(around 81 000) of the population in the whole Kuopio municipality. The data used in the assessments
covers usually this area with some exceptions mentioned separately within the text.
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Figure 3. The main urban area of Kuopio, selected as target area for assessments.

5.3.2 Environmental exposures for health impact assessment
Selection of target pollutants and environmental factors for health impact assessment were defined based
on selected policies. Ambient air pollutants from traffic and heating energy production include particulate
matter (PM2.5, PM10), elemental carbon (EC), NOx and SO2. However, based on literature survey done in
URGENCHE WP6, agreed exposure response functions needed in health impact assessment are available for
PM2.5 and EC. EC was originally included also in assessments for Kuopio, but concentration levels (and
health effects) from traffic (modelled by TNO) and small scale combustion (modelled by FMI) were so low
(0.4 µg/m3 in 2010 baseline) that EC analysis was omitted.
For traffic, also noise was considered to be relevant agent, but as the assessed CO2 intervention of
increased use of biofuels in traffic has no effect on noise levels, it was considered only in 2010 baseline
scenario. Mold/dampness and indoor temperature were defined to be relevant factors for indoor
environment with assumption that energy efficiency of residences might have some effect on those.
However, indoor temperature was left out from the assessment due to lack of data (see chapter 8.1).
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Table 2. Selected environmental factors for health impact assessment of each policy.

Policy

Environmental factor

Production of heating energy
Increased use of biomass in the local CHP-plant
Increased use of small scale combustion of wood

Air pollutants; PM2.5
Air pollutants; PM2.5

Traffic
Increased use of biofuels in traffic
Energy efficiency in buildings
Better insulation of houses

Air pollutants; PM2.5
Noise; only for 2010 baseline
Moisture indoors; mold/dampness
Indoor temperature

6 Methods and data
6.1 Emission calculations
6.1.1 Dispersion modeling of air pollutants
Emission and dispersion modelling of air pollutants from traffic, Haapaniemi CHP-plant and small scale
combustion were done by Finnish meteorological institute (FMI). For point sources, i.e for Haapaniemi CHPplant and small scale combustion, Urban Dispersion Modelling system (UDM-FMI) was used (Karppinen,
2001). For traffic sources a line source model "Contaminants in the Air from a Road” (CAR-FMI) (Karppinen,
2001; Härkönen ym., 1996, Härkönen, 2002) was used. In addition, PM2.5, PM10, EC NO2 emissions from
traffic were modelled by TNO and these results were compared with the ones modelled by FMI. Results
were in line with each other, but the data from FMI-models was used for the assessment, because
availability of GIS-referenced data allowed more detailed analysis of exposures.
For point sources the emissions of each source (based on used amount of fuel), features of the flue gases,
technical data of the facility and duration of operation were taken into account. For traffic emissions the
car fleet and hourly changes of it, proportion of different car types, speed of traffic and emission factors
based on the car type were included and emissions were calculated as time series with hourly emissions for
each pollutant.
For traffic PM10 emission also suspension from streets was modeled with a suspension model (Kauhaniemi
ym., 2011), which is based on particle emission model developed by Swedish meteorological institute
(SMHI) (Omstedt ym., 2005). The used PM10 emission factors were 200 μg/vehicle/m in summer and 1 200
μg/vehicle/m in winter. The model calculates the suspension from the road surface based on the moisture
of the street, wind, rain, use of spiked tires and use of sand in slippery days. The final suspension is
calculated with the same line source model as the other traffic emissions (CAR-FMI). The model does not
take into account salting of roads and possible methods for the dust binding.
Meteorological data used in the dispersion model was based on measured information from period of 1 to
3 years. The weather data was obtained from at least two nearest weather stations of the modeled area to
create the final meteorological data provided as hourly time series.
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Total emissions were calculated per year and concentrations were calculated for point grid with 7 453
points. The distance between the points varies between 50 meters to 500 meters being smaller in the
vicinity of important sources and around roads.
6.1.2 GHG-emissions
The distribution of green house gas emissions between different sectors in whole Kuopio area in 1990-2010
and in more detailed for baseline year 2010 were presented in chapter 4. Those emission presented in
chapter 4 cover much bigger geographical area than the area in this assessment, so the GHG-emissions for
only the sources and sectors considered are calculated and presented separately here.
2010 baseline, 2020 BAU and 2020 CO2 intervention emissions were calculated by using the data presented
in chapter 6.4 and by using the emission factors presented in Table 3.
Table 3. CO2 emission factors for different heating methods and for fuels used for heating energy production and in traffic.

Fuel or heating source

2010 Baseline

2020 BAU

2020 CO2 interventions

Unit

District heat (a
305
305
164
g CO2 / kWh
(b
Oil
267
267
267
g CO2 / kWh
Electricity (b
200
200
200
g CO2 / kWh
(b
Geothermal heat
200
200
200
g CO2 / kWh
Peat (b
381
381
381
g CO2 / kWh
(b
Wood and biomass
0
0
0
g CO2 / kWh
Diesel (c
2548*
2101**
1825***
g/l
(c
Gasoline
2209*
1701**
1422***
g/l
a) Based on the production of Haapaniemi CHP-plant (used fractions of peat, oil and biomass)
b) Motiva Oy
c) Based on LIISA 2011 data on emissions with different fraction of biofuels
* = 5% of biofuels, ** = 20% of biofuels, *** = 30% of biofuels

6.2 Health impact assessment
Health impacts were estimated as burden of disease expressed as DALYs/year (disability-adjusted-lifeyears). DALY combines years lived with disability (YLD) and years of life lost (YLL) due premature death:
DALY = YLD + YLL
YLD is calculated by multiplying number of new cases of disease per year caused by exposure to a specific
pollutant (i.e. attributable incidence, AI) with duration of disease (L, in years) and with disability weight
(DW) assigned for each disease. YLL is calculated by using average life expectancy and average age of death
for each disease.
Environmental burden of disease (eBoD) calculations require information about population exposure (E and
f), an exposure response function (RRo and RR) and background incidence data (I), which are used in
calculations as presented in Figure 4.
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Figure 4. Calculating the Burden of Disease: AI x DW x L (Hänninen & Knol, eds. 2011).

6.3 Cost evaluation of health impacts
Costs of health impacts were evaluated to assess economic aspects of the CO2 emission reduction
measures. Calculations were based on a rough method using a fixed value per year of life lost in case of
premature death and estimated costs for loss of work ability, loss of activity (+wellbeing) and costs of
medical care in case of an illnesses. Detailed data for costs is presented in chapter 6.4.9 and the used length
of illness and years of life lost were the same as in health impact assessment (see chapter 6.4.8, Table 8).

6.4 Scenario data
Comprehensive data collection from several sources was done to retrieve all the data needed in the
assessments. For 2010 baseline the actual data was used as far as possible and for 2020 different
predictions for upcoming trends were used.
6.4.1 Population
Population growth has been predicted by the city authorities based on the current knowledge on upcoming
progress for construction and financial development in the area. Population in the main urban area in year
2010 was 80 425 inhabitants and its predicted to be 85 940 in year 2020, meaning a growth of 5 515
inhabitants.
6.4.2 Residential buildings
For the year 2010 the actual floor area of residences in Kuopio urban area was retrieved from the building
registry. The prediction for the year 2020 was based on assumption that residential areas will grow with the
population growth so, that 45 m2/new inhabitant will be constructed (Pöyry 2011) (Table 4).
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Table 4. Floor area of residential buildings in Kuopio urban area in year 2010 (actual data) and 2020 (predicted).

2010
2

New residences, floor area, m
Residences, total floor area, m2

4 480 857

2020
248 175
4 729 032

3 % of the floor area was assumed to be renovated in each year between 2010 and 2020 (Pöyry 2011). This
trend is based on the estimation done by Technical Research Centre of Finland (VTT) by analyzing the age
distribution of buildings stock and data on renovations in last decades. The total area to be renovated until
2020 and the remaining old area of residences were estimated to be:



Residences, renovated floor area: 1 308 905 m2
Residences, not renovated old floor area: 3 171 952 m2

6.4.3 Energy consumption
Heating energy consumption of residential buildings was calculated based on the 2010 consumption data of
district heat retrieved from the local CHP-plant company. The average heating energy need as kWh/m2 was
multiplied with the total floor area of residences to estimate the total heating energy consumption for year
2010.



Residences, average heating need: 165.5 kWh/m2
Residences, total heating energy need: 742 GWh/year

For 2020 scenarios the prediction of heating energy consumption was based on two assumptions:
1) for 2020 BAU scenario it was assumed that new and renovated buildings will consume 70 kWh/m2
(the real requirement for new buildings by Finnish building code in year 2010) and that all old, not
renovated buildings will consume the same as in 2010 with total consumption of 634 GWh/year
2) for 2020 CO2 interventions scenario the new and renovated buildings were assumed to be nearly
zero energy buildings with consumption of 25 kWh/m2 of heating energy and all old, not renovated
buildings were still assumed to consume the same as in 2010 with total consumption of 564
GWh/year.
These assumptions on decrease of heating energy need are quite realistic, as during the last three decades
the heating energy need in whole Finnish building stock has decreased almost by 50 % and in buildings
connected to district heat, decrease has been 30 % (Pöyry 2011).
6.4.4 Heating methods
Proportions of each heating methods in use in the year 2010 were based on a yearly CO2 report (CO2 –
Report 2011), which collects data on energy consumption, energy production and traffic and provides
estimates on CO2 emissions in several areas of Finland. The estimation in this report includes Greater
Kuopio area, so we refined the fractions based on a survey done to investigate real fractions of used
heating methods in the urban Kuopio area.
For 2020 BAU scenario these fractions were assumed to stay the same as in 2010 baseline, but in the 2020
CO2 interventions scenario the use of oil was assumed to be replaced by increased use of small scale
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combustion of wood. Fraction of heating methods were used to define the floor area heated with each
method and the corresponding energy use (and production) for years 2010 and 2020 (Table 5).
Table 5. Floor area heated with each heating method with corresponding heating energy needs in residential buildings of Kuopio
urban area in year 2010 (actual data) and 2020 (predicted).

Heating method

District heat
Oil
Electricity
Geothermal
Wood
Total

Floor area %,
2010 baseline

Energy use
GWh,
2010 baseline

Energy use
GWh,
2020 BAU

78
5
13
1
3
100

580
35
98
8
21
742

496
30
84
7
18
634

Floor area %,
2020 CO2
interventions
78
0
13
1
8
100

Energy use
GWh,
2020 CO2
interventions
441
0
75
6
42
564

6.4.5 Haapaniemi CHP-plant
The 2010 baseline scenario for district heat production in Haapaniemi CHP-plant was based on the real
consumption and production data retrieved from the energy company. Total amount of used fuels in 2010
was 1 709 GWh with 84 % of peat, 12 % of oil and 4 % of biomass. For 2020 BAU the predicted consumption
(i.e. production of CHP-plant) was estimated to be 1 536 GWh based on the changes in building stock and
distribution of fuels for production were assumed to be the same as in 2010. In 2020 CO2 interventions
scenario the total consumption was estimated to be 1 277 GWh and the used fuels were assumed to be 50
% of peat and 50 % of biomass as defined by our scenario.
6.4.6 Traffic
The road network and the traffic volumes in 2010 baseline were based on real data and current
estimations. The Kuopio car fleet was estimated by Technical Research Centre of Finland (VTT) in their
software for calculating exhaust gas emissions for municipalities, provinces and the whole of Finland (LIISA
2011). LIISA 2011 is part of a calculation system for all traffic modes LIPASTO 2011. The car fleet in 2010
was assumed to use 5 % of biofuels and the emissions were assumed to correspond to EURO3 classified
cars. In 2020 BAU scenario emissions were based on EURO4 assumption and in 2020 CO2 interventions
scenario for EURO5. These EURO-classifications were used to reflect the upcoming changes in the car fleet
and restrictions for emission of particulate matter. Effect of biofuels on CO2 emissions was calculated
based on estimations in LIISA2011 system.
Road network in 2020 was based on assumed increase in population and current plans for road network.
Fractions of diesel and petrol out of the total amount of used fuels (59 % diesel and 41 % petrol, LIISA 2011)
were assumed to stay the same between 2010 and 2020 and consumption of fuel was assumed to increase
8 % from year2010 to 2020 based on two estimations: 1) LIISA 2011 system estimates that use of fuels in
Finland increases 8.9 % in this time frame and 2) it has been estimated for Kuopio area that distance
travelled in the area will increase 16 % between 2011 and 2030 (KUOMA-report), and linear increase would
mean increase of 8 % until year 2020 (Table 6).
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Table 6. Travelled distance of traffic and used amount of fuels in 2010 (actual data) and 2020 (predicted) in Kuopio urban area.

Data
Traffic distance, million km
Total used fuels, tons/year
Used diesel, tons/year
Used petrol, tons/year

2010 Baseline 2020 scenarios
514
555
38 135
41 186
22 500
24 300
15 635
16 886

6.4.7 Noise levels
Noise levels in Kuopio have been modelled with noise dispersion models for year 2010. This GIS coded data
was used with building registry information to evaluate noise exposure on population level in different
noise categories (Table 7). This data with risk functions for noise exposure and health effects defined in
WP6 (Table 8) were used to calculate the number of people exposed to noise levels with increased risk to
experience health problems due to noise exposure (see chapter 7.2.2).
Table 7. Size of population living in residences within different noise regions in Kuopio in 2010 (based on noise modelling for
street and railway noise).

Noise level (dB, LAeq07-22)
40-45
45-50
50-55
55-60
60-65
> 65

Population
11 120
17 471
15 649
11 120
3 669
799

6.4.8 Health
Health endpoints and used dose-response functions for health impact assessment were based on review
done in WP6 (Urgenche Project: Deliverable 6.2). Several health registries of Finland were inspected to
extract information on incidences of assessed health endpoints. Finnish registries were often based on
municipality or health care districts reporting incidences as number/100 000 person, and this data was
extrapolated for Kuopio in terms of its population size.
Disability weights (DW) of the health endpoints were obtained from WHO (WHO 2004). Duration of illness
and lost life years (L) were based on registry data. Health endpoints selected for Kuopio assessment were
based on data availabilities (see Table 8) and exposure levels and frequencies were based on modelling
results and data from a questionnaire (see chapter 7.2).

15

Table 8. Data used in health impact assessment for diseases selected for the assessments. Exposure levels are presented in separate chapters.
Pollutant
PM2.5

Health end point

Background
incidence
877 (2)
323 135 (3)
31 867 (4)
3 (5)
339 (6)
2 109 (7)
1 150 (8)
252 (9)
62 (9)
(10)
(10)
1 298 (11)

RR (1)

PAF

Attributable
incidence
35
9821
1018
0.1
43
88
7
3
1
3 844
2 160
35

DW

L (years)

Mortality (all cause)
1.06
0.039
1
11
Work loss days (WLDs)
1.046
0.030
0.02
0.003
Restricted activity days (RADs)
1.048
0.031
0.099 (15)
0.003
Infant mortality (<1 yr)
1.04
0.027
1
81
Chronic bronchitis (>15 yr)
1.22
0.128
0.17 (16)
15
Cardiovascular hospital admissions
1.006
0.004
0.253 (17)
0.017
Respiratory hospital admissions
1.009
0.006
0.279 (18)
0.020
Mold/dampness
Asthma development* (>15 yr)
1.34
0.013
0.043
15
Asthma development* (5-14 yr)
1.34
0.013
0.043
81
Noise
Highly annoyed
(12)
0.005
0.02 (19)
1
Sleep disturbance
(13)
0.003
0.07 (19)
1
Myocardial infarction (35-74 yr)
(14)
0.007
0.439
0.020
* Includes some COPD cases too, not possible to separate
(1) Urgenche Project: Deliverable 6.2
(2) Death cause registry 2009 (http://www3.thl.fi/stat/): In Pohjois-Savo area 1090 cases / 100 000 inhabitants
(3) Kelasto-database 2010
(4) 2.1 million in whole Finland (Hänninen & Knol 2011)
(5) Death cause registry 2009: <1 year olds death rate in Pohjois-Savo area 244 cases / 100 000 inhabitants. 2009 in Kuopio there were 1110 <1 year olds.
(6) Kelasto-database 2010: includes asthma cases too,
(7) 21 424 cases in Kuopio hospital 2010; Hospital serves area with 817 166 inhabitants, which means 2622 cases / 100 000 inhabitants (http://www3.thl.fi/stat/)
(8) 2007 total of 1429.55 hospital discharges for respiratory disease in whole Finland (http://data.euro.who.int/hfadb/),
(9) Kelasto-database 2010,
(10) Not needed for health impact assessment.
(11) Death cause registry 2010 (http://www3.thl.fi/stat/): 13 121 in Universal hospital of Kuopio, hospital serves area with 817 166 inhabitants, which means 1 603 cases / 100 000
inhabitants.
(12) Road noise: 9.868*10-4(Lden-42)3 - 1.436*10-3 (Lden-42)2 + 0.5118 (Lden-42), rail noise: 7.239*10-4(Lden-42)3 - 7.851*10-3 (Lden-42)2 + 0.1695 (Lden-42)
(13) Road noise: 20.8 - 1.05*Lnight + 0.01486 (Lnight)2, rail noise: 11.3 - 0.55 *Lnight + 0.00759(Lnight)2
(14) 1.629657-0.000613(Lday,16h)2 + 0.000007357(Lday,16h)3
(15) Disability weight for lower respiratory infections (chronic sequelae), WHO 2004
(16) Disability weight for COPD, WHO 2004
(17) Disability weight for rheumatic heart disease – cases, WHO 2004
(18) Disability weight for lower respiratory symptoms – episodes, WHO 2004
(19) Disability weight proposed by the WHO working group for noise impact assessment, WHO 2011 (http://www.who.int/quantifying_ehimpacts/publications/e94888.pdf?ua=1)
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6.4.9 Costs of health impact
Cost of years of life lost has been evaluated in several European studies. In the original ExternE-project
(Friedrich & Bickel 2001/2010) the value for each year of life lost was estimated to be 150 000–180 000
Euros between the ages of 35–45 years. This estimation was based on a methodology called Willingness-toPay (WTP), which gives a statistical value for life, and it was then extrapolated as a value of one lost life
year. Latest estimations from NewExt (which updated ExternE) gives a median value of € 52 000 and a
mean value of 120 000 € (IER 2004), which are similar to estimations calculated by NEEDS (NEEDS 2006).
These previous estimates were used to derive the value of year of life lost to be € 55 000 in 2010 price
levels and it was used in this assessment. Data for costs of illnesses were collect from couple of Finnish
publications to provide as exact information as possible and to allow detailed estimation of overall costs of
health impacts (Table 9).
Table 9. Costs of one case for each health endpoint included in the assessment.

Pollutant
PM2.5

Health end point
Mortality (all cause)
Work loss days (WLDs)
Restricted activity days (RADs)
Infant mortality (<1 yr)
Chronic bronchitis (>15 yr)

Cost (€)
55 000
350
149
55 000
200 000

Cardiovascular hospital admissions
5 180
Respiratory hospital admissions
Mold/dampness
Noise

Asthma development* (>15 yr)
Asthma development* (5-14 yr)
Highly annoyed

4 608
1083
1083
0

Sleep disturbance
8 188
Myocardial infarction (35-74 yr)
5 719

Comment
Cost per year of life lost
Cost per day
Cost per day (medication + loss of
activity + loss of work ability)
Cost per year of life lost
Cost per a new case
Cost per case (loss of activity + loss
of work ability; 142 euros per day +
care per day (à 700 euros))
Cost per case (loss of activity + loss
of work ability; 142 euros per day +
care per day (à 500 euros))
Cost of care of one case per year
Cost of care of one case per year

Ref
(1)
(2)
(1)

Cost per case (low loss of activity +
low loss of work ability; 23 euros,
356 days)
Cost per case (loss of activity + loss
of work ability; 142 euros per day +
total care (4 700 euros))

(1)

(1)
(1)
(1,3)

(1,3)

(4)
(4)

(1,3)

* Includes some COPD cases too, not possible to separate

(1) Gynther et al. 2012. Liikenteen päästökustannukset (Costs of traffic emissions in Finland).
http://www2.liikennevirasto.fi/julkaisut/pdf3/lts_2012-23_liikenteen_paastokustannukset_web.pdf
(2) Lehtonen 2010. Miten hallita sairauspoissaoloja? (How to manage work loss days?). Finnish ministry of finance.
http://www.vm.fi/vm/fi/04_julkaisut_ja_asiakirjat/01_julkaisut/06_valtion_tyomarkkinalaitos/miten_hallita_sairauspoissaoloja.pdf
(3) Price list for University hospital of Kuopio (KYS 2013).
(4) Reissell et al. 2010. Astman hinta Suomessa 1987–2005. (Price of asthma in Finland 1987 – 2005). Suomen Lääkärilehti 9/2010.
http://www.laakarilehti.fi/files/sv/SLL92010-811.pdf

7 Results
7.1 Air pollutant emissions
In addition to GHG emissions, PM2.5, PM10, EC, NOx and SO2 are relevant pollutants when considering
emissions from traffic, power generation and small scale combustion. As defined earlier, health impacts in
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this assessment are targeted only on PM2.5, but presenting the total emissions in Kuopio urban area from
these sources for all these compounds in each scenario was considered relevant.
7.1.1 GHG emissions
Reduction of CO2 emissions from 2010 baseline to 2020 BAU is 15 % and from 2010 baseline to 2020 CO2
interventions scenario 55 % (Table 10). Increased use of wood in small scale combustion does not have any
noticeable effect on CO2 emissions as in scenario 2020 CO2 interventions – no wood reduction it is still 54 %
compared to 2010 baseline. Reduction of CO2 emissions is mainly a result of reduced emissions in
Haapaniemi CHP-plant (Figure 5).
Table 10. CO2 emissions (tons/year) from the sources covered by the Urgenche interventions in Kuopio urban area.

Source
Traffic
Haapaniemi *
Residences **
Total
% decrease
* Based on used fuels,

2010 Baseline

2020 BAU

91 874
601 705

79 794
540 675

2020 CO2
interventions
68 349
243 272

30 436
724 014

26 018
646 486
11

16 122
327 743
55

2020 CO2 interventions
– no wood
68 349
243 272
23 142
334 763
54

** District heat not included, because taken into account as production in Haapaniemi power plant

Figure 5. CO2 emissions (t/a) for the assessed sources in Kuopio urban area for each assessed scenario.

7.1.2 Particulate matter emissions
Total PM2.5 emissions from assessed sources decrease from 103 to 81 t/a (-22 %) between 2010 baseline
and 2020 BAU (Figure 6). Majority of this decrease is caused by traffic emissions. In 2020 CO2 interventions
scenario total emissions of PM2.5 are 50 t/a with a decrease of 51 % compared to 2010 baseline. This
decrease is caused mainly by Haapaniemi CHP-plant (decrease of 85 %) and partly by traffic (decrease of 59
%). However, PM2.5 emissions from small scale combustion are doubled compared to 2010 baseline, if small
scale combustion of wood is increased as assumed in 2020 CO2 intervention scenario. When looking at the
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2020 CO2 interventions – no wood scenario, total PM2.5 emissions from these sources fall to 35 t/a, which
means a decrease of 66 % from 2010 baseline.
This means that PM2.5 emissions from local sources could be heavily decreased in Kuopio urban area by
increasing the use of biomass in Haapaniemi CHP-plant and increasing use of biofuels (with lower emitting
car fleet) in traffic. However, unfortunately these noticeable reductions in PM2.5 emissions from these local
sources do not result to a big decrease in the average annual ambient concentrations of PM2.5 (see chapter
7.2), because local sources of PM2.5 cause only 10-20 % of the annual average concentrations. The main
source is background concentrations from long distance sources.

Figure 6. PM2.5 emissions (t/a) in the assessed scenarios.

The situation with total PM10 emissions from local sources is quite different compared to PM2.5 when
looking at the assessed scenarios. Total PM10 emissions of these sources actually increases between 2010
Baseline and 2020 BAU scenarios from 262 to 274 t/a (Figure 7). This increase is caused by increased traffic
volumes increasing suspension emission of PM10 from road surface by 26 %.
However, PM10 emissions from other assessed sources decrease already from 2010 baseline to 2020 BAU,
so in overall a decrease of 11 % is achieved from 2010 baseline to 2020 CO2 interventions scenario.
However, maximum decrease of 17 % in PM10 emissions is achieved with CO2 interventions without
increased use of wood in small scale combustion. This is mainly a results of decreased emissions from
Haapaniemi CHP-plant (-82 %) and traffic tailpipe emissions (-59 %).
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Figure 7. PM10 emissions (t/a) in the assessed scenarios.

7.1.3 NOx and SO2 emissions
Total NOx and SO2 emissions were available only for Haapaniemi CHP-plant. CO2 interventions and other
upcoming emission limits and technical improvements (which have been taken into account in calculations)
have a clear effect also to these pollutants. NOx emissions decrease 65 % from 2010 baseline to 2020 CO2
interventions and SO2 emissions decrease 79 %, respectively (Figure 8). Increased use of wood in the
Haapaniemi power plant will thus reduce remarkably all its emission.

Figure 8. NOx and SO2 emissions (t/a) from CHP-plant Haapaniemi in the assessed scenarios.

7.2 Exposures for health impact assessment
7.2.1 PM2.5
Exposure concentrations were calculated based on dispersion modelling done by FMI (chapter 6.1.1).
Concentrations in 2010 baseline scenario were extracted directly from results of FMI models. For 2020 BAU
and CO2 intervention scenarios some adjustment were made for FMI results based on details defined by
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our scenario boundaries. Traffic results were used directly, as FMI modelled future scenarios with
assumption of our scenarios (Figure 9).

Figure 9. PM2.5 annual average concentrations (µg/m3) from traffic in 2010 baseline and 2020 CO2 intervention scenarios.

Highest annual concentrations of PM2.5 (above 3 µg/m3) from traffic are naturally around the highway, the
main roads leading to the city center and in the city center area. Maximal annual concentration of 4 µg/m3
is around the highway exit leading from south to the city center. Cleanest suburbs are the southern ones,
where the distance to the highway is several kilometers. There annual average concentrations from traffic
are below 0.5 µg/m3.
Concentrations caused cy Haapaniemi CHP-plant and small scale combustion in 2020 BAU and 2020 CO2
intervention scenarios were estimated based on FMI results (Figure 10). 2020 BAU was based on
concentrations in 2010 baseline as µg /GWh, which were then modified with our estimated heating needs
in 2020 BAU scenario. For 2020 CO2 intervention scenarios FMI modelled future scenarios taking into
account increased used of biomass in CHP-plant and increased use of wood in small scale combustion.
Concentrations as µg/GWh in those results were then modified with our estimated heating needs in 2020
CO2 intervention scenarios.
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Figure 10. PM2.5 annual average concentrations (µg/m3) from small scale combustion in 2010 baseline and 2020 CO2 intervention
scenarios.

For health impact estimation the total ambient annual average of PM2.5 was needed. Background
concentration is the main source of PM2.5 in Kuopio region, so it was estimated based on the measured
PM2.5 concentration in one urban background measurement station (Kasarmipuisto). FMI modelled GISmapped annual average concentrations from traffic, small scale combustion and CHP-plant Haapaniemi in
near vicinity of Kasarmipuisto measurement station were used to define the contribution of other sources
than background (1.48 µg/m3) and it was subtracted from the measured annual average in 2010 (7.62
µg/m3) to give some estimation for the background (long distance sources and other local sources) in
Kuopio area. This resulted in a background concentration of 6.14 µg/m3, which is in line with recent
estimation done by FMI (Alaviippola & Pietarila 2011).
Assessed sources contributed 10 % to the total ambient annual average level of PM2.5 in 2010 baseline
scenario (Table 11). Maximal decrease achieved to this was 0.32 µg/m3 in 2020 CO2 intervention – no wood
scenario (increased used of biomass in Haapaniemi CHP-plant and increased use of biofuel in traffic, but
with no increased use of wood in small scale combustion). In 2020 CO2 intervention scenario with increased
use of wood in small scale combustion PM2.5 average annual concentrations is increased by 28 % compared
to 2010 baseline, but at the same time contribution of traffic decreases so, that the total ambient annual
average of PM2.5 is decreased.
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In general, this evaluation demonstrates that ambient annual average levels of PM2.5 are affected only
slightly by the local sources in Kuopio (contributions being 6.8 % for traffic, 0.05 % for Haapaniemi CHPplant, 3.7 % for small scale combustion), which means that local decisions are not an effective way to tackle
PM2.5 exposures in Kuopio area.
Table 11. Annual average ambient PM2.5 concentration (µg/m3) from each source considered in URGENCE interventions in
Kuopio urban area with total annual average concentrations including estimated background PM 2.5 concentration.

2010 Baseline
0.47

2020 BAU
0.35

2020 CO2
interventions
0.21

2020 CO2 interventions no wood
0.21

Haapaniemi CHP-plant
Small scale
combustion

0.003

0.003

0.001

0.001

0.25

0.22

0.32

0.20

Total*

6.86

6.71

6.67

6.54

% of intervention
sources

11 %

9%

8%

6%

Source
Traffic

7.2.2 Noise
Around 13 000 people in Kuopio are exposed to noise levels (>59 dB) with increased risk of myocardial
infarction, 55 400 people exposed to levels (>45 dB, daytime) with increased risk of being highly annoyed
and 45 633 people exposed to levels (>40 dB night time) with increased risk of suffering sleep disturbance.
7.2.3 Dampness
Previous studies indicate that 5 – 15 % of residences in Finland have mold/dampness problems. A survey
for Kuopio inhabitants was performed in December 2013 to collect information on residences in Kuopio.
This survey included also questions on occurrence of moisture damage, presence of visible mold and
perception of resident on possible health problem caused by moisture damage. Based on this survey, in 21
% (±2.9) of residences in Kuopio a moisture damage has occurred. In 3.5 % (±1.3) of those residences the
damage has not been renovated. Furthermore, 4.3 % (±1.4) of the population suspect that they suffer
health problems caused by moisture damage. Based on this it was assumed that in 2010 Baseline scenario 4
% of Kuopio population is exposed to dampness/mold, and this was used as an input for health impact
assessment. Unfortunately, there was no data available to make any estimation on how the prevalence of
dampness/mold will change after energy renovations or other improvements before year 2020. Due to that
health impacts of dampness/mold have been calculated only for the 2010 baseline.

7.3 Health and wellbeing impacts
Health impacts were calculated as DALY / 100 000 inhabitants (Table 12) and as absolute cases per year
(Table 13 ). Change in health impacts between scenarios was possible to calculate only for PM2.5 so the
maximal benefit from 2010 baseline to 2020 CO2 interventions – no wood (65 DALY/100 000) is basically
the change in health impacts due to the change of PM2.5 exposure. This health benefit is achieved mainly by
saving a couple of premature deaths by decreased PM2.5 levels.
2010 baseline health results show that PM2.5 is the main cause of health impacts causing around 65 % of the
total burden of disease assessed here, followed by noise responsible around 35 % of the total burden of
disease. Mold/dampness causes only a small portion of the total burden.
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Wellbeing assessment was based on qualitative analysis of survey data, which was collected from Kuopio
population during this project. Based on this evaluation ventilation of houses and the resulting quality of
indoor air as well as indoor temperatures are related to experienced wellbeing. Energy renovations of
houses could improve wellbeing by increasing indoor temperatures at winter time, but on the other hand
negative effects can be followed, if temperatures are increased also in summer time and if quality of indoor
air gets worse when making building envelope tighter. Survey data also implied that smoke from small scale
combustion could decrease wellbeing of population. Further statistical analysis of the current wellbeing
situation based on the survey data will be published later on in a separate report.
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Table 12. Health impacts as DALY/100 000 inhabitants in each assessed scenario.
Background rate
(all cases)

Agent

Health end point

11 990
22
8
273
1 075
11
1
13 380
202
50
252

PM2.5

Mortality (all cause)
Work loss days (WLDs)
Restricted activity days (RADs)
Infant mortality (<1 yr)
Chronic bronchitis (>15 yr)
Cardiovascular hospital admission
Respiratory hospital admission

Total PM2.5
Mold/dampness
Total mold/dampness
Noise

14

Asthma development (>15 yr)
Asthma development (5-14 yr)
Highly annoyed
Sleep disturbance
Myocardial infarction (35-74 yr)

Total noise
Total all

2010
Baseline

2020
BAU

2020 CO2
interventions

Maximal
benefit

428
0.6
0.2
7
125
0.0
0.0
561
-

2020 CO2
interventions –
no wood
420
0.6
0.2
6
123
0.0
0.0
550
-

470
0.7
0.2
7
137
0.0
0.0
615
3
1
4
96
188
0.1
284
903

430
0.6
0.2
7
126
0.0
0.0
564
-

-

-

-

50
0.1
0.0
1.0
14
0.0
0.0
65
-

* Includes some COPD cases too, not possible to separate
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Table 13. Health impacts as number of cases per year in each assessed scenario.
Agent

Health end point

PM2.5

Mortality (all cause)
Work loss days (WLDs)
Restricted activity days (RADs)
Infant mortality (<1 yr)
Chronic bronchitis (>15 yr)
Cardiovascular hospital admission
Respiratory hospital admission
Asthma development (>15 yr)
Asthma development (5-14 yr)
Highly annoyed
Sleep disturbance
Myocardial infarction (35-74 yr)

Mold/dampness
Noise

2010
Baseline

2020
BAU

2020 CO2
interventions

34
9821
999
0.1
43
9
7
3
1
3844
2160
9

34
9607
977
0.1
42
8
7
-

33
9543
971
0.1
42
8
7
-

2020 CO2
interventions –
no wood
33
9372
953
0.1
41
8
7
-

Maximal
benefit
2
449
46
0.0
2
0.4
0.3
-

* Includes some COPD cases too, not possible to separate

26

7.4 Cost impacts
Total costs (including medical costs, loss of work ability, restriction of activity, loss of wellbeing, loss of life
years) of health impacts of this assessment were around 51 million euros in year 2010 (Table 14). PM2.5
exposure causes almost 2/3 of this and the rest is mainly a result of loss of activity due to sleep disturbance
caused by noise. Highest contribution to total costs comes from premature deaths of PM2.5 exposure.
This evaluation implies that assessed CO2 reduction measures could produce a cost benefit of around 1.5
million euros per year. This benefit is mainly caused by saved mortality and partly in saved costs of chronic
bronchitis and work loss days achieved by decreased PM2.5 exposures.
Table 14. Total costs of health impacts in 2010 Baseline scenario and maximal cost benefit achieved with 2020 CO2 interventions
– no wood scenario.

Pollutant

Health end point

PM2.5

Mortality (all cause)
Work loss days (WLDs)
Restricted activity days (RADs)
Infant mortality (<1 yr)
Chronic bronchitis (>15 yr)
Cardiovascular hospital
admissions
Respiratory hospital admissions

Total PM2.5
Mold/dampness

Asthma development* (>15 yr)
Asthma development* (5-14 yr)

Total mold/dampness
Noise

Highly annoyed
Sleep disturbance
Myocardial infarction (35-74 yr)

Total noise
Total

Cost (€)

Maximal benefit (€)

20 791 088
3 437 515

946 355
157 153

148 841
320 454
8 649 312

6 801
14 678
375 727

44 752

2 076

32 475
33 427 193
54 928
13 514
68 442
0
17 690 151

1 502
1 504 421
-

51 472

-

17 741 624

-

51 237 259

-

-

* Includes some COPD cases too, not possible to separate
- = not assessed because of lack of data

Based on this evaluation average value of DALY for these health impacts is 60 500 euros.
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8 Discussion
8.1 Indoor temperature
We planned to assess how energy renovation of residences affects indoor temperatures and possible
thermal comfort and health in Kuopio. However a literature survey concluded that there is a lack of
knowledge on how indoor temperature is changed due to energy renovations and how health and wellbeing is linked to that.
Thermal comfort was one of the issues included in the December 2013 survey of Kuopio inhabitants. There
were questions on level of indoor temperature in residence and possible problems with too high or too low
indoor temperature. Furthermore, it was asked if insulation and windows of residence have been
renovated to enhance energy efficiency of the residence. Unfortunately, there was no linkage found
between renovations, indoor temperature and thermal comfort from the survey, so lack of data forced us
to omit indoor temperature from this assessment.

8.2 Socio-demographic aspects
Originally we aimed to evaluate health impacts with socio-demographic data to see whether the health
impacts were distributed evenly within Kuopio population. However, this plan was rejected as the overall
health impacts were so low. However, some comparisons were made on demographic distribution of social
indicators and annual average ambient PM2.5 levels.
PM2.5 levels were different between different districts in Kuopio varying from 6.49 to 7.82 µg/m3. These
were then compared to social indicators of % unemployed, % foreigners, % >63 year olds, annual average
income, % population having a higher education and % population with bad credentials. Two of these
indicators, % of >63 year olds and annual average income, showed some relation to annual average PM2.5
concentrations (Figure 11 and Figure 12).

Figure 11. PM2.5 annual average concentrations (µg/m3) and annual average income (year 2010) in districts of Kuopio.
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Figure 12. PM2.5 annual average concentrations (µg/m3) and % of population >63 year olds (year 2010) in districts of Kuopio.

It seems that older people and people with low incomes are living in areas with higher PM2.5 annual
average levels. This makes sense as a high proportion of older people in Kuopio live close to the city center,
where the PM2.5 levels are highest manly due to traffic.

8.3 Additional CO2 reduction measures
The CO2 reduction measures described above were defined as realistic actions for the city of Kuopio. Some
additional actions were discussed and considered as being interesting future scenarios that might be
realistic in Kuopio within next couple of decades. These actions were:
1) increased use of electric vehicles (among both private cars and busses)
2) increased use of geothermal heat, solar and wind power for residential heating
8.3.1 Increased use of electric vehicles
Rough estimation of this kind of scenario was made with an assumption that all busses and 10 % of private
cars in the urban area are replaced with electric vehicles. Based on LIISA 2011 use of fuels by passenger
cars and busses was calculated for year 2010 and then estimated for 2020 by assuming 10 % reduction for
consumption of diesel and petrol by passenger cars and 100 % reduction for busses ().
Table 15. Data for emission calculation with increased use of electric cars.
Fraction of used
fuel type (1)
Tons/year 2010 (1)
Passenger cars, petrol
0.99
15 515
Passenger cars, diesel
0.39
8 869
Busses, diesel
0.09
1 916
(1) Based on LIISA 2011 data for municipality of Kuopio.

Tons/year 2020
15 211
8 620
0

CO2 emissions for traffic were calculated for year 2020 assuming the original CO2 intervention scenario for
traffic (30 % biofuels) with the above change in amount of used fuels. In this case total CO2 emissions for
traffic would be 60 443 tons/year compared to 68 349 tons/year in the original CO2 intervention scenario.
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Increased use of electric cars would have some effect on PM2.5 emissions from traffic, but it’s effect on total
PM2.5 levels would be quite small, as the total PM2,5 concentration caused by tailpipe emissions is 0.47
µg/m3 in 2010 baseline scenario and only minor part of this could be prevented by increasing the amount of
electric vehicles as described above.
8.3.2 Increased use of geothermal heat, solar power and wind power
Surprisingly, based on these calculations increased use of biomass in Haapaniemi CHP-plant decreases its
CO2 emission factor to 162 g of CO2/kWh (calculated with efficiency allocation method). This factor is lower
than for geothermal heat because of its need of electricity, which basically means that in the future district
heating in Kuopio should be promoted over geothermal heat. Because of this, increased use of geothermal
heat was not considered in this assessment at all.
Use of solar and wind power are the only alternatives better than district heat when considering CO2
emissions. To assess possible consequences of increasing the use of these zero emission methods, a
scenario with following, unrealistic, assumptions was assessed:
a) all residential buildings built between 2010 and 2020 are heated with solar and wind power
b) all residences heated with oil and wood are changed to solar and wind power
c) half of residences with electric heating are changed to solar and wind power
When these assumptions were incorporated to the original 2020 CO2 interventions scenario assuming
better insulation of houses, CO2 emissions from heating of residences (including district heat) are 241 324
tons/year compared to 259 394 tons/year in the original 2020 CO2 intervention scenario.
Annual average concentration of PM2.5 from wood and oil heating in 2010 baseline was 0.25 µg/m3, and
these emissions could be prevented by changing to solar and wind power. However, health benefit of this
decrease would be negligible.
8.3.3 Conclusions of additional measures
Total CO2 emissions could be decreased to 301 767 tons/year by these additional, but unrealistic reduction
measures. This would mean a decrease of CO2 emissions by 58 % from 2010 baseline, which is 3 % more
than achieved with 2020 CO2 intervention scenario (4 % more than with 2020 CO2 interventions – no wood
scenario).
Health impacts of these additional measures are minor, which can be quite easily argued by imagining the
impossible scenario where CO2 reduction measures would result to zero PM2.5 emissions from local sources.
It would mean a decrease of 90 DALY / 100 000 inhabitants (-10 %) from the 2010 baseline scenario and the
remaining health impact of background PM2.5 concentration would still be 470 DALY / 100 000.
However, these actions would result to a positive general effect by lowering emissions of several other
pollutants (like PAH’s from small scale combustion) and also having effect on well-being of inhabitants even
without the direct health relation. It can be assumed that noise from traffic and smell of fumes would
decrease when using electric cars. Replacement of wood and oil heating would decrease smoke in
residential areas improving well-being of residents.
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9 Conclusions
Assessed local CO2 emission reduction policies seem to have a major effect on local CO2 emissions
lowering them by 55 % between 2010 baseline and 2020 CO2 interventions scenario (-54 % with CO2
reduction intervention – no wood).
CO2 reductions are mainly caused by increased use of biomass in Haapaniemi CHP-plant. CO2 emissions
from Haapaniemi CHP-plant decrease by 60 % from 2010 baseline, decreasing also all other emissions.
Emissions of PM2.5 from the plant contribute only 0.4 % to the annual average PM2.5 level from the
assessed sources, which means that health effects of Haapaniemi CHP-plant are minimal. Based on this
increased use of biomass in Haapaniemi is a recommended measure to reduce CO2 emission in Kuopio,
and in general district heat seems to be healthy choice for residential heating.
Local traffic contributes around 12 % to the total CO2 emission in 2010 baseline scenario and maximal
decrease of traffic CO2 emissions with increased use of biofuels was 27 %. Traffic was also the largest
contributor (65 %) to the ambient average annual levels of PM2.5 of the assessed sources. Unfortunately, as
there were no PM2.5 emission factors available for different biofuels, it is not possible to analyze the real
effect of increased use of biofuels on PM2.5 average annual concentrations. This means that increased use
of biofuels in traffic would be beneficial in reducing CO2 emissions, but its effect on PM2.5 emissions and
on health cannot be analyzed.
Increased use of small scale combustion of wood has a small effect on total emissions of CO2 in the Kuopio
urban area. However, it increases small scale combustion source contribution to annual average ambient
PM2.5 level by 26 % compared to its contribution on 2010 baseline. Furthermore, small scale combustion is
a point source with local effects emitting PM2.5 directly to residential areas having negative effect on both
well-being and health. Based on this, increased use of wood in small scale combustion cannot be
recommended as an action to reduce CO2 emissions.
Assessed measures also have a noticeable effect on total emissions of other pollutants in the Kuopio
urban area compared to 2010 baseline:





NOx -65 %
SO2 -79 %
PM2.5 -51 % (-66 % with CO2 reduction intervention – no wood)
PM10 -11 % (-17 % with CO2 reduction intervention – no wood)

Overall, assessed CO2 reduction measures have a minor effect on average annual ambient PM2.5 levels as
the main contribution (around 90 %) in Kuopio comes from long distance sources (background). Because of
this, health benefits of these measures were low (65 prevented DALY / 100 000 = -11 % from 2010
baseline).
Cost impact assessment of CO2 reduction measures indicate that around 1.5 million euros (from total costs
of 33 million per year caused by health effects of PM2.5 exposure) in Kuopio urban area could be saved
yearly as a result of health benefits achieved with decreased PM2.5 levels.
Noise contributes to 1/3 to the total burden of disease of the assessed sources in Kuopio. Cost impact of
these health effects is around 18 million euros per year. The assessed CO2 measures didn’t have any effect
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on noise levels, but based on the 2010 baseline evaluation, noise exposure contributes a high proportion to
the total burden of diseases in Kuopio. This implies that noticeable health, wellbeing and cost benefits
could be achieved with actions that reduce noise exposure (especially night time residential exposure).

32

10 References
Alaviippola, B. and Pietarila, H., 2011. Ilmanlaadun arviointi Suomessa. Pienhiukkaset (PM2,5). Ilmatieteen
laitos, Ilmanlaadun asiantuntijapalvelut. 48 s. + 13 liites.
CO2 Report 2011. CO2-raportin vuosiraportti, Kuopio. Benviroc Oy.
Hänninen, O. and Knol, A. (Eds.) 2011. EBoDE-Report. Environmental Perspectives on Environmental Burden
of Disease. Estimates for Nine Stressors in Six European Countries. National Institute for Health and Welfare
(THL), Report 1/2011. 86 pag es and 2 appendixes. Helsinki, Finland 2011. ISBN 978-952-245-412-6
(printed), ISBN 978-952-245-413-3 (PDF)
Härkönen, J., Valkonen, E., Kukkonen, J., Rantakrans, E., Lehtinen, K., Karppinen, A., Jalkanen, L., 1996. A
model for the dispersion of pollution from a road network. Finnish Meteorological Institute. Publications on
air quality No. 23, Helsinki, Yliopistopaino, 34 s.
Härkönen, J., 2002. Regulatory dispersion modelling of traffic-originated pollution, Finnish Meteorological
Institute Contributions 38, Helsinki, Yliopistopaino, ISBN 951-697-564-X.
IER (2004). NewExt. New Elements for the Assessment of External Costs from Energy Technologies.
University of Stuttgart.
Karppinen, A., 2001. Meteorological pre-processing and atmospheric dispersion modeling of urban air
quality and applications in the Helsinki metropolitan area. Academic dissertation. Finnish Meteorological
Institute, Contributions No. 33, Helsinki, ISBN 951-697-552-6.
Kauhaniemi, M., Kukkonen, J., Härkönen, J., Nikmo, J., Kangas, L., Omstedt, G., Ketzel, M., Kousa, A.,
Haakana, M. and Karppinen, A., 2011. Evaluation of a road dust suspension model for predicting the
concentrations of PM10 in street canyon in Helsinki. Atmospheric Environment, 45, 3646-3654.
KUOMA-raportti. Hanna Kalenoja & Matti Keränen (2012). Kuopion alueen liikennemalli 2012. Tampereen
teknillinen yliopisto. Liikenteen tutkimuskeskus Verne. Tutkimusraportti 80.
LIISA 2011. Road traffic exhaust emissions calculation software for calculating exhaust gas emissions for
municipalities, provinces and the whole of Finland. Technical Research Centre of Finland VTT.
http://lipasto.vtt.fi/liisae/index.htm
NEEDS (2006). Final report on the monetary valuation of mortality and morbidity risks from air pollution.
New Energy Externalities Developments for Sustainability. 6th Framework Program.
Omstedt, G., Bringrelt, B., Johansson, C., 2005. A model for vehicle-induced nontailpipe emissions of
particles along Swedish roads. Atmospheric Environment, Vol. 39, issue 33, 6088–6097.
Pöyry 2011. Kuopion kasvihuonekaasupäästöjen vähentämismahdollisuudet v 2020 mennessä. Raportti
16WWE0924.
Urgenche Project: Deliverable 6.2: Set of E-R functions for health outcomes agreed; Well-being measured
defined and agreed by WHO, IOM, UExeter, Swiss TPH,THL, UStutt.
33

WHO 2004. Global burden of disease 2004 update: Disability weights for diseases and conditions.
WHO 2011. Burden of disease from environmental noise. Quantification of healthy life years lost in Europe.

34

Annex 1. Project partners
Participant #
1
(coordinator)
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Organisation name

Country

University of Exeter

United Kingdom

City of Suzhou
City of Xi’an
City of Basle
City of Kuopio
City of Rotterdam
City of Stuttgart
Peking University
Nanjing University
Centre for Research & Technology Hellas (CERTH)
Institute of Occupational Medicine (IOM)
Suomen Ymparistokeskus (SYKE)
Terveyden ja Hyvinvoinnin Laitos (THL)
Nederlandse Organisatie voor Toegepast
Natuurwetenschappelijk (TNO)
University of Stuttgart
Swiss Tropical and Public Health Institute (an associated
institute of University of Basle)
World Health Organisation (WHO)

China
China
Switzerland
Finland
The Netherlands
Germany
China
China
Greece
United Kingdom
Finland
Finland
The Netherlands
Germany
Switzerland
Denmark/Germay/Italy

35

