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Abstract: As the effects of global warming have become more evident, ambitious
short-term greenhouse gas emission reduction targets have been set in recent years. Many
cities worldwide have adopted an active approach to climate change mitigation, but policy
makers are not always knowledgeable of the true effects of their planned mitigation action.
The purpose of this paper is to evaluate the effectiveness of different mitigation strategies
in achieving low-carbon urban communities. The assessment is conducted via means of
consumption based hybrid life-cycle assessment, which allows the reduction potential to be
analyzed from the perspective of an individual resident of the urban community.
The assessed actions represent strategies that are both adopted by the case cities and
possible to implement with current best practices in Finland. The four assessed actions
comprise: (1) dense urban structure with less private driving; (2) the use of energy
production based on renewable sources; (3) new low-energy residential construction;
and (4) improving the energy efficiency of existing buildings. The findings show that the
effectiveness depends greatly on the type of city, although in absolute terms the most
significant reduction potential lies with lowering the fossil fuel dependence of the local
energy production.
Keywords: climate change; carbon footprint; greenhouse gases; urban communities;
life-cycle assessment; consumption; energy
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1. Introduction
At present, already half of the world’s population resides in urban communities, which are
consequently accountable for a vast majority of global greenhouse gas (GHG) emissions [1]. Recent
research has also indicated that even the per capita emissions may be higher in cities compared to the
sub-urban or rural areas due to higher income levels and consequent consumption volume [2–7].
The role of urban carbon management is therefore essential in attempting to mitigate climate change.
Many cities worldwide have taken on the challenge and adopted an active approach to climate change
mitigation; however, urban policy makers are not always knowledgeable of the true effects of their
planned mitigation action. The problematic possibly stems from difficulties in defining and managing
GHG emissions accountable to a city. Most city level GHG assessments have focused only on the
direct emissions occurring within the city borders, and have failed to account for the so-called carbon
leakage. Carbon leakage traditionally refers to the relocation of carbon intensive industries outside
geographical borders, which may be calculated as an emission reduction to a certain country, even
though global emissions might actually increase [8,9]. Similar carbon leakage also exists between
cities within one country, but this phenomenon has received less attention in the literature.
Consumption based GHG assessments provide one solution for the above-described assessment
problem [6,10]. The consumption approach assumes cities to be demand and consumption centers,
where residents exploit goods predominantly produced outside the city borders [6,11]. An extreme
example has been presented by Schulz (2007) [12] who demonstrates that 90% of all the goods
consumed in Singapore are actually imported from outside the city-state. The consumption approach
stresses the importance of not limiting the scopes of GHG assessments geographically. Accounting for
all GHG emissions associated with the consumption of goods and services provides a basis for equal
comparisons between different types of cities with their particular characteristics. The consumptionbased approach also allows for focusing on the right action by assessing the true global mitigation
potential of different strategies.
This study was set to determine the GHG mitigation potential of a few commonly accepted actions
to reach short-term climate policy goals. More specifically, the effects of the actions were compared
between different city types. The study employs a consumption based, hybrid life-cycle assessment
model paired with in-depth, qualitative analysis of the results. Using a multiple case study approach,
three different types of cities and four different types of mitigation strategies are assessed.
The assessments are conducted for the cities of Helsinki, Tampere and Porvoo, all representing
different types of city structures yet with somewhat similar demographics. The strategies are all stated
as the preferred mitigation action by at least one of the three cities and considered current best practice
in Finland. The four assessed actions comprise denser urban structure; cleaner energy production;
new low-energy residential development; and improving the energy efficiency of existing buildings.
The study demonstrates how different strategies are effective in different types of cities, suggesting
that a single action is insufficient for general city level carbon management. Nevertheless, in absolute
terms the effect of cleaner energy production was found to be the greatest.
The remainder of the paper is structured so that the next section describes the method, assessment
model, and data used in the study. Section 3 presents the base assessment and outlines the assessed
best practice mitigation action. The climate mitigation impacts are then presented in detail in the
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following Section 4. After the results, some deficiencies of the study are addressed. Finally, a few key
conclusions and suggestions for future research conclude the paper.
2. Method
Within the field of life-cycle assessment (LCA), process-LCA is the traditional and the most
utilized method. Process-LCAs attribute the emission to a certain good by process based, energy and
mass flow assessments. The method is potentially highly accurate, but suffers from a few inherent
limitations. First, the amount of processes adding to the emissions inventory of a certain good is often
very large in cradle-to-grave assessments, which makes the assessments very laborious and time
consuming. Second, the assessments suffer from a truncation error, resulting from an inevitable system
boundary selection [13]. The errors may become significant even with the inclusion of multiple
production chain processes [14]. Finally, the energy and mass flow data needed for the assessments are
often not readily available [13,15].
An alternative to the traditional process-LCA is an input-output-LCA (IO-LCA). An IO-LCA
assesses the environmental impacts attributable to a certain good (the outputs), based on monetary
flows (the inputs). The method is based on output tables that describe known industry interdependencies
within an economy according to national accounts. Based on these, the tables sum together all
emissions within an economy related to a monetary transaction on a certain sector. The method is
similar to the input-output statistics of national accounts, but in this case the output tables include
environmental data in addition to economic activity relations. Typical environmental impact categories
included in IO-LCAs comprise toxic materials and atmospheric emissions, such as GHGs. The output
tables divide the economy into industry-based sectors to fully acknowledge the entire economy.
This division is one of the primary sources of uncertainty in input-output-analysis [13,16]. The output
tables are averages that may include figures from very different industries, and may not describe the
object of the inquiry well. In addition, possible temporal (inflation and currency rate) and regional
(industry structure) asymmetries in both the data and the model, along with the assumption of domestic
production of imports create possible sources of bias. However, contrary to process-LCAs, the method
is non-laborious and non-time consuming to use [17]. The emissions inventory is also always complete
with regard to the included number of transactions between sectors in the production and delivery
chain, so that the assessment boundary cutoff excludes only non-monetary transactions [18].
In addition, monetary input data is often easier to obtain than data for process analyses. IO-LCAs have
been found to be particularly feasible in assessing the environmental effect of services [19].
The third category, hybrid-LCAs, has emerged to combine the strengths of the two presented
approaches and to reduce the inherent weaknesses related to them [13,15,16,20]. As described above,
the IO and process method have different uncertainties, creating space for a hybrid approach. The first
hybrid approaches date back to the 1970s, but the method has become more popular in environmental
impact assessments after the late 1990s. In hybrid-LCAs, full coverage of production and delivery
chains is possible to maintain with the use of input-output tables, but the accuracy is raised with the
utilization of process data for the assessment of the most important processes.
Hybrid-LCAs can be further divided into three categories [13,20]. An integrated hybrid-LCA
incorporates detailed unit process level information in physical quantities into the input-output model,
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representing the surrounding economy that embeds the process-based system. The second option,
input-output-based hybrid analysis can be utilized when detailed monetary data within the IO sectors
are available. Input-output-based hybrid analyses disaggregate the most significant IO sectors further
to incorporate specific process data. Finally, a tiered hybrid-LCA assesses the most important first
order and lower stream processes with process data, whereas the rest of the production and supply
chain emissions are assessed with the IO approach.
This study employs an application of the tiered hybrid-LCA, which calculates global GHG emissions
from private consumption based on IO-LCA, but with the most significant GHG sources replaced with
process data. The model employed was developed earlier by the authors, and a more detailed
description may be found in previous publications [3,5]. The model predominantly utilizes the output
matrices of the EIO-LCA developed by Carnegie-Mellon University [21], with purchasing power
parity corrections to fit the model with Finnish input data. The EIO-LCA was selected primarily due to
it being the most disaggregated model available. Additionally, the Finnish economy is a small and very
open economy with over 50% of the consumption goods being imported, which further justifies the
selection of a foreign model. Moreover, during the course of the development of the applied model, a
comparison of the results with output vectors taken from the Finnish ENVIMAT model [22] was made
along with many other reliability checks, as described in detail in [3,5]. The results of the comparisons
were very similar.
For the purpose of this study, the input data comprise the private consumption volumes obtained
from a Finnish consumer survey [23]. These describe the consumption of an average consumer in each
city in a very detailed form. For the purpose of the study and in order to fit the data with the industry
sectors of the assessment model, the data were first merged into 59 consumption sectors. After the
assessment of the GHGs caused by each sector, the sectors were merged further to five broader
consumption categories to allow for a coherent presentation of the results. To better capture the
emissions derived from public transport, the Finnish ENVIMAT model [22] was employed for this
sector, as it is very different in Finland compared to the U.S. Furthermore, city specific emission
factors were utilized to calculate emissions from local energy production [24] and private driving fuel
combustion [25], the two largest sources of emissions according to earlier studies.
Finally, data on current requirements and existing goals for building energy efficiency [26,27], a
national travel survey on the effects of density on the private driving related emissions [28], along with
a previous case study on the GHG emissions derived from new residential development [29] were all
used in the assessments of the different mitigation strategies.
3. Case Cities
Three case cities from Finland are addressed in the study: the capital city of Helsinki, a smaller,
adjacent city, Porvoo, and a larger inland city, Tampere. The city of Porvoo, located approximately
50 km east of Helsinki, is strongly influenced by the capital with regard to e.g., daily commuting, and
recreational activities whereas Tampere, the third largest city in the country, is more independent.
The city structures of the three case cities differ significantly. Helsinki is the densest city in Finland
with over 3000 residents per square km. Tampere is less dense but housing is still dominated by
multi-story apartment buildings, whereas Porvoo is more of a rural city with very low density and
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detached houses as the dominant form of housing. Besides population density, the public transport
options provided are very different for the cities. Helsinki provides the most diverse public transportation
infrastructure with metro, tram, and commuter train and bus connections. In Tampere local and long
distance buses as well as long distance trains are available, while in Porvoo only rare local buses
and long distance buses serve the residents. These characteristics are also reflected in the vehicle
kilometers traveled (VKmT) by the average resident as Table 1 shows.
Table 1. Characteristics of the three case cities.
Number of inhabitants
Population density (residents/sqm)
Apartment buildings/detached or
terraced housing (% of sqm)
Living space per capita (sqm)
Public transport options
Private driving (VKmT/a/capita)
Annual net income (€/capita)
Annual private consumption (€/capita)

Helsinki
565,000
3010

Porvoo
48,000
73

Tampere
206,000
365

80/20

29/71

63/37

34
Trams, trains, buses
8100
21,700
17,400

39
Buses
18,400
22,000
15,900

36
Buses
12,600
15,900
15,100

Another key difference between the cities is found with fuel combustion related emission factors in
the local power plants, especially between Porvoo and the other two cities. All three cities employ
combined heat and power (CHP), which is a very effective means of energy production as such.
However, Porvoo produces over 70% of its energy from renewable sources such as forest residues,
whereas in Helsinki and Tampere the CHP production is predominantly fossil fuel based [23].
Finally, the average residents in Helsinki and Porvoo share the same affluence level with annual net
earnings of approximately 22,000 €, a rather high level in Finland and higher than the average of
16,000 € per annum in Tampere. Despite the difference in income, the annual consumption volumes
vary significantly less between Tampere and the other cities.
3.1. Current Carbon Footprints for the Three Case Cities
The findings of the initial hybrid-LCA assessment are presented next for all case cities, as these
results form the basis of the best practice action approach and qualitative analysis. As analyzed further
in the following paragraphs, the above presented city characteristics are reflected in the
GHG emissions of the average residents.
Figure 1 clearly illustrates how Helsinki has a significantly larger carbon load than the other two
cities with 13.6 tons CO2e per resident per annum. Tampere and Porvoo on the other hand are very
close to each other with 11.4 tons CO2e and 11.2 tons CO2e, respectively. In Porvoo the lower
emission factor of the local energy production offsets the impact of the slightly higher consumption
than in Tampere, whereas in Helsinki the high consumption volume together with fossil fuel based
energy production leads to the result of over 20% higher carbon load per capita. Meanwhile, the
differences in city structures are reflected in both emissions derived from private driving and emissions
related to services. Private driving dominates the Ground Transport category in all cities, yet it is only
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1.4 tons CO2e in Helsinki while as much as 1.8 tons CO2e in Tampere and 2.1 tons CO2e in Porvoo.
Emissions derived from services, on the other hand, are higher the more dense the city, potentially due to
accessibility and availability. Additionally, the proximity of Helsinki to the main airport in the country
seems to generate more air traveling.
Figure 1. Current carbon footprint per resident per annum for the three case cities.

3.2. Assessed Mitigation Actions
Following the base case assessment, potential climate change mitigation actions were chosen for the
assessment using mainly mitigation strategies stated by the case cities in their policy reports [30–32].
On a general level, all cities are committed to reducing their GHG emissions. Helsinki announces that
it strives to reach the goal by infill development, improving energy efficiency and developing rail
transport. As more specific goals, the city of Helsinki aims at 7% energy savings from housing,
20% renewable fuel use in energy production, and 20% reduction from transportation [30]. With
regard to new residential development, the city is committed to 40% lower heating energy consumption
and 50% lower electricity consumption than stipulated by the National Building Code of 2010. The city
of Tampere has set an ambitious overall goal of reducing the emissions by 40% by the year 2030 [32].
The means to achieve the reduction are very similar to those of Helsinki: densifying urban structure,
improving alternative transport modes, increasing energy-efficiency of new construction and retrofitting
as well as promoting renewable energy use. The share of renewables in the energy production is planned
to be at least 20% by 2020. Tampere hopes to see a similar reduction on GHG emissions from
transportation as Helsinki, namely, 25%. The energy efficiency of new construction should be increased
by 30% compared to the 2009 requirements. An overall energy conservation goal of 9% has also been set
by both the cities of Tampere and Porvoo. Besides this general goal of 9%, the city of Porvoo has the
least outspoken, quantifiable goals for mitigating climate change [31]. The city’s strategy does state that
it is promoting infill development to reduce the detrimental impacts from private driving, as well as
energy production from renewable sources, and low-energy new residential construction.
Based on these outspoken strategies, professional judgment of the authors was employed in choosing
the four strategies to be assessed. It was considered particularly essential that the actions would be
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plausible with current technologies and best practice in Finland. Therefore two of the actions reflect
prevailing situations in two of the case cities. Helsinki was considered the prime example for density
and public transport in the country, whereas the renewables based energy production in Porvoo
represents cleaner energy production on a city level. Additionally, the impact of low-energy new
construction was assessed since it is stated as an important mitigation strategy by all three case cities.
Finally, reducing the energy consumption of the existing building stock is likewise a common goal for
the case cities, and is therefore included in the assessment. In conclusion, the four mitigation actions
selected for the assessment are as follows: (1) higher density, less VKmT; (2) cleaner energy production;
(3) low-energy residential construction, and; (4) improved energy-efficiency of the existing
building stock.
4. Results and Discussion
This Section presents the different best practice mitigation actions outlined in the previous section.
Each subchapter also estimates the potential of the alternative actions for effective carbon mitigation in
each respective case city.
4.1. Higher Density, Less VKmT
A dense urban structure is often seen as an effective way to reduce carbon emissions, as density
tends to limit private driving and the number of passenger-kilometers (pkm), also referred to as vehicle
miles or kilometers traveled (VMT or VKmT) [33,34]. In Finland, when it comes to urban density,
accessibility to public transport, and VKmT, the capital Helsinki is in a class of its own, and was
therefore chosen to be used as a best practice benchmark for the other two cities in the first best
practice action of this study. The annual VKmT in Helsinki is by far the lowest in the country, 8100 km
(22 pkm/d). Tampere, representing a medium-sized city, is close to the national average at 12,600 km
(34 pkm/d) whereas Porvoo, as a scarcely populated city with a high rate of residents commuting to the
capital city, lies well above the average at 18,400 km (51 pkm/d) [28].
Both Tampere and Porvoo were shifted to the Helsinki level assuming—rather unrealistically—that
both density and public transport options would be increased dramatically to reach Helsinki’s current
daily pkm of only 22 km. The idea is to demonstrate the effect of such change on the carbon footprint
of an individual resident within Tampere and Porvoo, living in a dense versus less dense community.
For the assessment only the direct petrol combustion phase emissions were taken into account:
1.0 t CO2e/a in Helsinki, 1.5 t in Porvoo and 1.3 t in Tampere. Even though particularly Porvoo, with
the most emissions associated with Ground Transport in the base assessment, would achieve a fair
emission reduction in this best practice action, it is easy to see that the emission reduction potential is
significantly lower than the difference in VKmT between the two cities and Helsinki. The main reason
for this un-linear reduction potential lies within the type of driving: Driving in busy traffic in dense
urban areas consumes more petrol per kilometer than driving outside cities. To demonstrate this, the
above daily VKmT figures were used to calculate the GHGs per kilometer, and the respective city
structures seemed to affect the emissions per kilometer significantly. In Helsinki the GHG emissions are
125 g/km and in Tampere 102 g/km, but only 82 g/km in Porvoo. This is in accordance with the
emissions factors taken from a national study by the Technical Research Centre of Finland [35], which
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estimates the average GHGs to be 82 g/km for driving on highways and 182 g/km for driving in a city.
In Helsinki and Tampere driving is a combination of longer distance highway driving and local city
driving, whereas in the more rural Porvoo most driving is of the highway type.
Reducing private driving to the level of the best case in the country, Helsinki, was found to have
relatively little impact on the overall carbon footprint. In the base case, the petrol combustion
emissions from private driving were 1.5 tons CO2e for Porvoo, 1.3 tons CO2e for Tampere and
1.0 ton CO2e for Helsinki. In other words, despite the significant reductions in VKmT, decreasing the
private driving to the level of Helsinki reduces emissions only by 0.5 tons CO2e for Porvoo and
0.3 tons CO2e for Tampere. Overall, the city of Porvoo would perform best out of the three cities in
overall GHG emissions per capita if it would reach the best practice level in private driving. In other
words, attempting to decrease the VKmT does seem like a viable mitigation action in the scarcely
populated city of Porvoo.
It should be noted however, that in addition to the modest reduction potential, this action is highly
uncertain and unrealistic from a number of perspectives. For instance, potential improvements in
vehicle, fuel type and combustion technologies are likely to decrease the importance of VKmT in the
GHG emissions of individuals in the future. An additional uncertainty is that commuting, which is the
most closely linked to urban density [33], comprises only 14% of all private driving in Tampere, and
17% in Porvoo and Helsinki. For example private driving related to leisure activities (hobbies, family
visits and trips to second homes) represents a larger share (approximately 60%) of the total VKmT, yet
these activities are considered to be more connected to the consumer’s socio-economic background
than the location of their home [33].
4.2. Cleaner Energy Production
The second mitigation action under investigation was a shift towards cleaner energy production.
This action has been set as a clear strategy for two of the case cities that currently host a heavily fossil
fuel based fuel mix, namely Helsinki and Tampere [30,32].
The effect of cleaner energy was examined using a shift to more renewables used for Helsinki and
Tampere, which currently utilize fossil based fuel-mixes. Although currently unfeasible for both
Helsinki and Tampere, the share of renewables was elevated to the current best practice within the
country, and the related emission factors reduced down to 64 g/kWh for electricity and 92 g/kWh for
heating, as reported by the city of Porvoo [23]. The actions are considered plausible with the use of the
current district heating systems, with changes only to the combustion techniques. For the purpose of
this study, the increase in the share of renewables was applied for only the direct fuel combustion
phase emissions of the energy production. The emissions from the higher order tiers in the production
and supply chain were assumed to be the same as in the base case.
When the current best practice in the share of renewable fuels in local energy production is
employed to the other two cities, the carbon consumption of an average resident was found to decrease
by as much as 2.3 tons CO2e in Helsinki and 2.0 tons CO2e in Tampere. For comparison, the 20%
share of renewables stated in the climate strategies of both Helsinki and Tampere was also assessed.
The 20% share reduces emissions by 0.6 tons CO2e in Helsinki and 0.5 tons CO2e in Tampere.
The mitigation potential of cleaner energy production is impressive because the impact of improving
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the fuel mix in local energy production is immediate in the whole building stock. Overall, the city of
Tampere performs best in this assessment. Most notably, however, Helsinki comes very close to Porvoo,
when the current fossil fuel intensive energy production is abandoned.
Besides effective, this mitigation action is considered plausible in the mid-term, as the technology is
already in use in one of the case cities. Furthermore, the shift to cleaner energy production will have an
even larger effect if all local goods and services are assumed to be produced with local energy, but this
evaluation was left outside the scope of this assessment.
4.3. Low-Energy New Residential Construction
All three case cities are growing in population, which means that people are moving from existing
buildings in other regions into these cities. For example for the city of Tampere this means an estimated
90,000 increase in the number of residents by the year 2030. This increase almost inevitably leads to new
residential construction within the cities. In addition, new residential construction is the only way to
implement infill development and reach higher urban density, which is considered as guideline for urban
development goal in Finland. All the cities state low-energy residential construction as a means to
decrease the future GHG emissions in the city. However, construction activities are also a significant
source of of GHG emissions, making life-cycle assessments, which consider both the construction phase
and the use phase, necessary.
In Finland, strict requirements for the operational energy consumption of new residential buildings
have been successfully enforced. The new National Building Code of 2012 stipulates that the theoretical
operational energy consumption must be 20% less than the previous Code of 2010. Consequently,
practically all new residential construction after 2012 can be considered low-energy buildings.
While the implementation of strict operational energy requirements is both important and justified,
the motivation behind including this third mitigation action to the study is to draw attention to an
important trait of new low-energy construction projects, namely, the significance of construction phase
emissions [36]. The authors of this study have referred to the phenomenon as “carbon spike” in
previous studies [37]. The carbon spike is comprised of the emissions caused by the construction
phase, which are allocated to each future resident of the new residential development.
Although traditionally an object of process-based LCAs, construction phase emissions have been
evaluated with IO-based assessments previously [29,37,38]. This assessment uses a previous
study [29] to estimate the GHG load of new residential construction at a little over 100 tons CO2e per
resident when all the life cycle emissions of construction, including both the buildings and
infrastructure, are included in the assessment. The figure would be very similar for construction
projects in each of the case cities as the share of local energy of the emissions is only 7%. The annual
operational energy during the use phase of the building is only a fraction of this, especially in
low-energy buildings. Thus the carbon payback times become very long, close to 100 years in Helsinki
and Tampere. For Porvoo, where the GHGs from the use phase energy consumption are low due to the
high share of renewable fuels, the carbon payback time is even longer, and may never be reached.
Figure 2 depicts the very long carbon payback times in the three cities. The assessment assumes a 1%
renewal rate for the residential building stock, in line with statistics published by Statistics Finland on
construction activity within the last 10 years in the three cities [39]. In other words, 1% of the building
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stock is renewed annually with the use phase emissions cut down to the low energy level of
80 kWh/sqm, and the construction phase emissions of approximately 1.6 tons CO2e/sqm [29] are taken
into account on the 1% share. The blue lines in Figure 2 show the cumulative emissions from existing
residential building stock with current annual emissions. The green lines mark the effect of increased
energy efficiency, without accounting for the construction phase emissions. Comparing these two lines
gives the illusion of very positive impacts to GHG emissions. However, the blue lines should be
compared to the red lines, depicting both the construction phase emissions using the 1% annual
renewal rate and the lower use phase energy use.
Figure 2. Impacts of construction phase emissions on the green house gases (GHGs) from
the residential building stock in the case cities.

As Figure 2 shows, the structural differences between the case cities again play an important role.
In Porvoo the low-carbon energy fuel mix significantly increases the carbon payback time of the
construction phase emissions. Therefore, in case the targets for cleaner energy production outlined in
the previous chapter were to be realized in Helsinki and Tampere, the relative importance of the
construction phase emissions would further increase in those cities as well.
While there are several limitations to the assessment, particularly that it assumes constant emissions
through decades, the overall result is clear: New residential construction cannot be considered as a
carbon mitigation action, at least not in the short-term. Two immediate policy implications also arise
from the results. First, as new construction in each city will inevitably take place due to migration, more
attention should be paid to the construction phase emissions. Second, despite the recent significant
development in building energy efficiency requirements, even stricter efficiency requirements are needed
in order to shorten the carbon payback times to levels where new construction does not hinder achieving
the set mitigation goals of the next decades.
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4.4. Energy-Efficiency of Existing Buildings
Improving the energy-efficiency of the existing building stock is generally perceived as an effective
and inexpensive means to reduce global GHG emissions, as the built environment is known to account
for some 40% of global GHG emissions [40]. Furthermore, despite the importance of construction
phase emissions, the majority of a building’s life-cycle emissions are still generated during the
operational phase [41].
All three case cities have made a commitment to the governmental energy efficiency program,
which aims for a 9% reduction of energy consumption for the period of 2008–2016 [27]. Following
this commitment, the 9% reduction target is also included in the cities’ respective climate change
mitigation strategies. The target is based on the average results of energy audits in Finland. According
to energy audit statistics, 9% improvement in building energy efficiency should be achievable by
executing only the improvements with 0–1 year economic payback time [27]. Thus, reaching the 9%
reduction target is considered very feasible.
Assessing the impact of 9% improvement shows that, all else being equal, the increased building
energy efficiency only results in a 0.2–0.3 ton CO2e reduction in the annual carbon footprint of an
average city resident of Helsinki and Tampere. In Porvoo the reduction is even smaller, approximately
0.1 tons. It should be noted however, that any reduction in energy consumption would also penetrate
other consumption categories, such as services or logistics and slightly increase the mitigation
potential, even though this evaluation is outside of the scope of this assessment.
5. Limitations
The limitations of the paper can be divided into three categories. First, the hybrid-LCA assessment
model includes limitations, both inherent to the method and those arising from the context of use.
Second, the case selection and utilized data may lead to biases. Third, the reliability of the results has
limitations that need to be defined. Next, these three types of limitations are addressed.
A deficiency present in this model, as it is in all IO-LCAs, is the aggregation of both the input
data and the industry sectors. While the input data used for the study comprises approximately
1000 consumption categories, these were merged into only 59 consumption categories to match with
the industry sectors of the EIO-LCA model. The employed EIO-LCA model comprises altogether
428 industry sectors, however, making it the most disaggregated model available. It was therefore
chosen as the basis of the hybrid model, even though uncertainties are related to using an U.S. industry
based EIO-LCA model in a Finnish context. The hybrid assessment reduces the uncertainties, but may
also create new possible sources of bias. However, in this study the model was taken as such based on
earlier work of the authors. A detailed description of the qualities of the model as well as a profound
discussion of the true deficiencies and their gravity can also be found in earlier academic publications
of the authors [6].
The study is also limited in scope. The study only addresses three case cities, which makes the
sample size rather small. Consequently the risk of bias from abnormal observations is elevated.
Nonetheless, the input data from Statistics Finland including over 700 consumers from Helsinki and
almost 400 from Tampere significantly reduces this risk. For Porvoo, 65 consumers are included in the
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input data, which was assessed to be sufficient. The selection of the case cities limits the
generalizability of the results, however. As was brought up earlier, the selection was based on the cities
having different types of structures, but the average residents having similar consumption levels in
monetary terms. While this offers a strong basis for an analysis of the impacts of the city type on the
GHG emissions of the residents, a larger sample would have both verified the results and shown
impacts that are inexistent or impossible to identify from this sample.
Another perspective to evaluating the study is embracing the policy nature of the paper.
The assessments did not even strive to be as precise as possible, but rather sought to demonstrate a
wider phenomenon. Consequently, the policy implications arising from the study are considered more
reliable than the detailed GHG emission levels obtained from the assessments. The analyzed mitigation
strategies also present only a few of all the actions that the cities have planned for mitigating climate
change. However, based on the professional judgment of the authors, the evidence from earlier
publications, and the stated climate strategies, these were selected as the most relevant. This selection,
along with the employed best practice approach may also be justified by the policy nature of the paper.
6. Conclusions
This study was set out to establish the true global mitigation effect of four typical climate change
policy actions in different types of urban communities: (1) dense urban structure with less private
driving; (2) the use of energy production based on renewable sources; (3) new low-energy residential
construction, and; (4) improving the energy efficiency of existing buildings. Based on the findings, the
type of urban community largely determines the mitigation potential of city level action. That said, the
most effective climate change mitigation action in the absolute and short-term was found to be to
significantly reduce the emission factor of the local energy production. The other three commonly
employed mitigation strategies were found to be less effective. Attempting to reduce private driving
within a dense urban structure is a rather uncertain and unreliable strategy, with relatively weak effects
on the actual carbon emissions. However, in Porvoo, reducing private driving appears much more
attractive than in the other two cities due to the already low emission factor of the city’s energy
production, and loose urban structure with high VKmT per resident. It is also worth noting that dense
cities have a number of other positive environmental, social and economic implications that were left
outside the scope of this study. With regard to increasing energy efficiency, while the reductions were
modest, the target is highly feasible, and in its current scale, even too modest. By accepting a longer
economic payback time, more significant energy-efficiency gains would be well within reach.
The study also finds that the carbon spike generated by current construction practices is enough to
overrule the benefits of the newly constructed low-energy buildings for decades, even a century. Given
the accumulation of the GHG emissions into the atmosphere, this phenomenon is even more
detrimental from the climate protection perspective.
Some important policy implications for urban carbon management arise from the findings.
Minimizing the emissions of the local energy production should be set as a first priority, even if this
requires a transition to a decentralized energy system. For the building sector, climate mitigation action
should focus on means to lower the emissions derived from the construction phase of new buildings,
taking into account both material selection and construction site activities. In the current situation,
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Tampere is the only one of the case cities, which has clearly stated this as a policy goal.
More emphasis should also be put on improving the energy-efficiency of the existing building stock
more drastically. The policy implications create a need for future research in the fields of, e.g.,
low-carbon building materials and energy-efficient retrofits.
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