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PREFACE 
 
 
This is the final report of the CLC Carbon Handprint for Cities and Regions Project, task 1. The 

Climate Leadership Coalition (CLC) initiated the methodology development for creating and piloting 

the carbon handprint concept for cities and regions through their project, CLC Carbon handprint 

project. LUT was responsible of the concept development and reporting. The development work was 

done in close co-operation with CLC, pilot cities and municipalities and Helsinki-Uusimaa Regional 

Council. The approach for assessing carbon handprint for cities and regions was developed by Kaisa 

Grönman (LUT), Risto Soukka (LUT), Laura Lakanen (LUT) and Olli Helppi (LUT).  

 

The methodology development was supported by a workshop held between LUT, CLC, Helsinki-

Uusimaa Regional Council, representatives of the municipalities located in Uusimaa as well as de-

velopment companies operating in the area. Workshop gave important standpoints from the field 

and showed the way for further development steps. Case study was promoted by discussions with 

the representatives of city of Espoo and CLC. Additionally, during the project there was close ex-

change of ideas with CLC and LUT. This report presents the main findings of the project and the 

results from the case study in which the regional handprint was applied in the city of Espoo. 
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EXECUTIVE SUMMARY 
 

In recent years, cities have set ambitious goals to reduce greenhouse gas emissions and to become 

carbon neutral. Cutting emissions have concentrated on reducing cities’ own carbon footprints 

though cities have possibilities for more widespread emission reductions through novel and innova-

tive climate leadership initiatives, that also reduce the carbon footprints of other actors. However, 

there has been lack of indicators to acknowledge and assess community-level actions with positive 

climate impacts. In this project, the carbon handprint approach developed by LUT and VTT was 

applied and modified for cities and regions in order to create an indicator for community-level as-

sessments of positive climate actions. 

 

With the carbon handprint approach, positive climate impacts enabled for a client or a beneficiary of 

the novel product, service, or project, can be quantified and communicated when compared to busi-

ness-as-usual solution. In the case of cities and regions, the carbon handprint aims to acknowledge 

the climate leadership initiatives of the city in order to maximize their positive impact both in and 

outside of the city. Principally, cities can achieve a handprint through three main mechanism cate-

gories, which are ownership, operating environment, and projects. Additionally, mechanism category 

related to companies within the city can be identified, but should be reported separately.  

 

The main purpose of the carbon handprint for cities and regions is to recognize and communicate 

innovative climate actions implemented by a city and encourage cities to develop and carry out novel 

solutions to combat against the climate change. The city carbon handprint also provides a tool for 

strategic planning beyond carbon neutrality goals of a city, as well as a communication tool for mar-

keting and branding to attract new activities, businesses, and residents to the area. With a systematic 

strategy work, cities can maximize their handprint potential also in years to come.  

 

This report gives first time guidelines on assessing the positive climate impacts of cities, municipali-

ties, and other regions. In this project, carbon handprint approach for cities and regions was tested 

on the city of Espoo with the promising results. However, future research is needed to test the ap-

plicability of the approach in a real case calculation.  
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1 INTRODUCTION 
 

Cities have a central role in the climate change mitigation, since more than a half of world’s popula-

tion are living within the cities (United Nations, 2018). Additionally, cities are responsible of three 

quarters of global energy consumption and greenhouse gas (GHG) emissions (GHG Protocol, 2018). 

Although cities are significant source of GHG emissions, they have already put into operation mani-

fold actions to cut emissions, and several cities aim to become carbon neutral in upcoming years. 

Cities are often home for innovative companies, research, and projects, and hence the qualifications 

to find new ways to fight against the global warming are promising.  

 

The basis for influencing city emissions is the GHG inventory, which enables cities to measure their 

overall emissions, as well as to understand the contribution of different activities on emissions within 

the city. The most widespread standard for regional GHG inventories is Global protocol for commu-

nity-scale greenhouse gas inventories (GPC) developed by GHG Protocol (GHG Protocol, 2018). It 

provides accounting and reporting standard for city-level GHG inventories and helps to show the 

most GHG intensive sectors in the city. By directing emission reduction targets to the most pollutive 

sectors and activities, cities can reduce their emissions significantly. Besides cutting emissions, 

many cities have set an objective to become carbon neutral (Carbon Neutral Cities, 2021). However, 

cities also have qualifications to develop, implement and spread actions and practices, that will re-

duce carbon footprint of others, too. 

 
In recent years there have been increasing interest for new, more positive ways to affect emissions. 

Carbon handprint is an approach to quantify and communicate the positive climate impacts that 

solutions can achieve compared to a baseline practice (Grönman et al., 2019). To date, the carbon 

handprint approach is applicable to products and services as well as projects. In addition, the carbon 

handprint of organizations can be assessed through the product or service portfolio of the organiza-

tion. (Pajula et al., 2021) The scope of the carbon handprint has not yet covered cities, municipalities, 

or any other regional view. However, regions, municipalities and cities too are in the need of tools to 

define, calculate and communicate the positive climate actions taking place in their area.  

 

Cities and municipalities are not only the source of GHG emissions, but they also have a role in 

creating new ways to tackle ongoing global warming. Urban areas are centers of manifold activities 

providing an infrastructure, public services as well as operational and business environment for res-

idents, companies, and numerous other stakeholders. Cities have possibility to provide low-carbon 

operating environment for potential new residents and companies, as well as to support development 

and implementation of novel low-carbon solutions, services, and products. Hence, cities can help to 

reduce footprint of other actors.  
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1.1 The carbon handprint approach 
 
Footprints have traditionally used to describe the environmental burden throughout the life cycle of 

a product system. Oppositely, handprints describe the emissions or consumption that can be re-

duced or avoided by using a certain product or service instead of a baseline product. Thus, a 

handprint equals the possible or actualized reduction in the footprint of the user of the offering. 

Whereas the aim of the footprint concept is to reduce negative effects to close to zero, with the 

handprint concept there is no upper limit on the positive effects that can be achieved (Pajula et al., 

2018). 

 

The handprint concept was launched in 2007 by UNESCO as a measure of education for sustainable 

development action, aiming to decrease the human footprint (Handprint Action Toward 

Sustainability, n.d.). Since then, Biemer et al. (2013), Biemer (2021), Norris (2015), and Norris et al. 

(2021) have further emphasized the relevance of positive impacts, that is to say handprints. Carbon 

handprint approach developed by LUT and VTT, firstly gave guidelines to assess positive climate 

impacts of products and services (Pajula et al., 2018; Grönman et al., 2019). The carbon handprint 

approach was recently widened to cover other impact categories than only climate change (Pajula 

et al., 2021). The framework for the environmental handprint provides general guidelines to assess 

the positive impacts of products, services, organizations, and projects for several environmental im-

pact categories, including climate change, air quality, and nutrient, water and resource use. The 

environmental handprint approach from the air quality perspective was recently presented by 

Lakanen et al. (2021). 

 

The carbon handprint approach, as well as the framework for assessing environmental handprints 

developed by LUT and VTT, are tightly linked to ISO LCA standards complementing them with in-

structions for calculating positive environmental impacts. The handprint assessment consists of typ-

ical LCA steps with some additional stages specific to handprint calculation, and it is always per-

formed from cradle to grave.  

 

In the handprint assessment setting the baseline for the calculation is crucial because handprint is a 

relative indicator. The footprints of the baseline and the offered solutions are determined, and po-

tential handprint is calculated as a difference between the footprints, see Figure 1. To conclude, a 

footprint is equal to the absolute emissions, whereas the size of a handprint varies based on the 

context and refers to a difference between two solutions. Hence, the handprint approach is built on 

the principle that reducing one’s own footprint only is not a handprint. However, reduction in one’s 

own footprint may also be included when there is simultaneously significant reduction in the footprint 

of a beneficiary. Instead, a handprint is achieved by improving the performance of others – by re-

ducing their footprint. The rules for defining the baseline against which the positive impact can be 

assessed create another fundamental basis of the handprint approach. 
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Figure 1. A handprint is created if the footprint of the offered solution is lower than the baseline so-

lution would be if used by the same customer. 

 

1.2 Cities and greenhouse gas emissions 
 

Cities are significant sources of GHG emissions and hence, their role in cutting emissions is remark-

able. In Finland, cities and municipalities produced totally 48550.5 kt CO2e emissions in 2019, which 

accounted for over 90% of total GHG emissions (Tilastokeskus, 2020; SYKE, 2021). Between years 

2010-2019 GHG emissions from the cities and municipalities decreased 31%, but there is a lot of 

variation between municipalities (SYKE, 2021). When considering emission sources, traffic caused 

the biggest share of the GHG emissions with 28%. Heating was responsible of 22%, industry 16%, 

and agriculture as well as electricity consumption 14% of the total emissions (SYKE, 2021). Shares 

of different emissions sources are represented in Figure 2. 

 

  
Figure 2. Cities and municipalities’ GHG emissions by source in 2019 in Finland. 
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GHG emission inventory creates a basis for the understanding of emission sources and emissions 

levels caused by the city actions. GHG inventory takes into account all the emission produced within 

the city boundaries as well as those occurring outside of them as a result of city activities and can 

be also called as a city carbon footprint. The first step in determining city GHG emissions is setting 

inventory boundaries, which identifies the geographic area, time span, gases, and emission sources 

covered by an inventory. Usually, GHG emissions are calculated for a single reporting year and 

seven gases required for most national GHG inventory reporting under the Kyoto Protocol, are in-

cluded. According to the GPC, GHG emissions from city activities shall be classified into six main 

sectors: 1. Stationary energy, 2. Transportation, 3. Waste, 4. Industrial processes and product use 

(IPPU), 5. Agriculture, forestry, and other land use (AFOLU), 6. Any other emissions occurring out-

side the geographic boundary as a result of city activities. Emissions from the category 6. are not 

always included in the GHG inventory but may be reported separately. (GHG Protocol, 2018) 

 

Emissions derived from the city activities can be divided in different categories according to where 

the GHG emissions are occurred. Scope 1 emissions include emissions occurring physically within 

the city borders, whereas scope 3 emissions are occurring physically outside the city. Scope 2 emis-

sions are comprised of the use of electricity, steam, and/or heating/cooling supplied by grids which 

may or may not cross city boundaries. (GHG Protocol, 2018) Sources and boundaries of city GHG 

emissions are represented in Figure 3. 

 
Figure 3. Sources and boundaries of city GHG emissions (GHG Protocol, 2018). 
 
GPC allows the assessment of GHG inventory at two reporting levels, which demonstrates different 

levels of completeness. Narrower reporting level (BASIC) covers scope 1 emissions and scope 2 
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emissions from stationary energy and transportation, as well as in-boundary generated waste. The 

more comprehensive level (BASIC+) covers emission sources of the BASIC level and additionally, 

emissions from IPPU, AFOLU, transboundary transportation, and energy transmission and distribu-

tion losses. In most cases, cities use the BASIC level, as the calculation methodologies and data are 

more readily available than in BASIC+. In practice, consumption based GHG emissions are often 

excluded from the inventory, as there is often a lack of the data and resources to assess these 

emissions. However, including all the city-related emissions would give more reliable picture of the 

total city GHG emissions. (GHG Protocol, 2018) In addition to pure GPC, there are several other 

calculation frameworks and approaches for assessing city-level GHG emissions. For example, in 

Finland, Finnish Environment Institute SYKE assess GHG emissions of the Finnish cities and mu-

nicipalities by following the model, which mainly corresponds to the GPC standard by also including 

emissions from agriculture, passenger cars’ transboundary traffic, F gases and energy transmission 

and distribution losses. GHG emissions from air traffic within the city boundaries are excluded. 

(Carbon Neutral Finland, 2021) 

 
1.3 Separating carbon footprint and carbon handprint of a city 
 

City carbon footprint is an absolute measure of total GHG emissions and removals caused by a city. 

GHG emissions as well as carbon footprint should be minimized and to aim towards carbon neutral-

ity. Carbon footprint of a city can be lowered by reducing emissions occurring inside the city borders 

and by reducing emissions derived from the consumption and supply chains as well as by increasing 

carbon sinks. Cities are currently active in multiple fields to reduce their GHG emissions and a lot of 

so called “traditional” climate work has been done for example in the sectors of energy, land use, 

housing, production of goods, utilities, sanitation, transportation, communication, and public procure-

ment.  

 

Compared to the carbon footprint, carbon handprint is a relative indicator as it communicates differ-

ence in GHG emissions compared to the baseline. The core idea of carbon handprinting is that the 

actor is providing a solution that is reducing the carbon footprint of its customers, users, or other 

beneficiaries. Reducing one’s own carbon footprint only does not create a handprint. However, cities 

can have a reducing effect on many others carbon footprints, e.g., on residents, companies, or other 

cities. As the carbon handprint is not meant to measure absolute emissions, it can be used to meas-

ure change in emissions between solutions. Additionally, carbon handprint provides an important 

tool for strategic planning for future actions in cities. 

 

In the case of cities and regions, both carbon footprint and handprint are important indicators when 

assessing cities climate actions. Carbon footprint communicates absolute GHG emissions, and it 

should decrease as near to zero as possible. Oppositely, carbon handprint describes reductions in 

others’ carbon footprints provided by low-carbon solutions. Carbon handprint should be increased 
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as much as possible since there is no upper limit for it. To conclude, the aim is to minimize one’s 

own carbon footprint while maximizing carbon handprint, as illustrated in Figure 4. 

 

 
Figure 4. Aims of a carbon footprint and a carbon handprint. 

 
1.4 Aims and outcome of the project 
 

The main goal of this project was to define, how a carbon handprint concept can be applied for a city 

or a municipality. Additionally, the aim was to describe, how cities and municipalities can increase 

their carbon handprint and promote sustainable growth in parallel with this. The case study of the 

carbon handprint for the city of Espoo was conducted to support the methodology development and 

to support in putting the carbon handprint strategy into practice in the Uusimaa region. Moreover, 

the final outcome of the project can be used to promote the regional handprint concept in Uusimaa, 

Finland, the Nordics and the EU as well as at global scale.  
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2 THE CARBON HANDPRINT FOR CITIES AND 
REGIONS 

 

Carbon footprint forms the core of a city climate impacts and it should be minimized as close to zero 

as possible. Figure 5 represents differences between city’s carbon footprint and carbon handprint in 

terms of a sphere of influence. On contrary to carbon footprint, city carbon handprint should be ex-

tended to cover as many beneficiaries and areas as possible. For instance, residents, other stake-

holders, and companies within and outside the city area may achieve carbon footprint reductions 

through city carbon handprint mechanisms. Widespread impacts may be achieved e.g., through 

good practices spreading to another cities. Eventually, impacts reducing GHG emissions may ap-

pear at national, or even at global level. However, despite GHG emission reductions achieved by 

handprint mechanisms, carbon handprint of a city cannot be subtracted from a carbon footprint. 

 

 
Figure 5. Carbon footprint and carbon handprint of a city and impact at different levels. 
 

In the following chapters, first, the framework for carbon handprint assessment is presented. Step-

by-step guidelines are given how to perform the assessment from regional point of view, whether 

the actor performing the assessment is a city, municipality, or another region. Secondly, emphasis 

is given to the strategies, that this actor can employ in order to increase its carbon handprint poten-

tial. 
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2.1 The framework for the carbon handprint for cities and regions 
 
The aims that the carbon handprint of a city entails can be summarized with the following three 

points: 

1. Turning the focus on climate issues on possibilities what a city environment can offer 
The frontrunner cities are already reducing their greenhouse emissions actively and are aim-

ing for carbon neutrality. However, the path towards climate change mitigation should not 

stop there but it should be broader in a sense that cities can lead with their example and help 

others reduce their emissions too thus ensuring city’s viability also in the future. 

2. Revealing cities’ huge potential as a solution provider for organizations and citizens 
Cities can form innovation platforms for novel solutions, when there is co-operation between 

the city, companies and research and education. These innovations can benefit the residents 

and companies, but others outside the city as well.   

3. Guiding a city to systematically grow its handprint to maximize benefits from the city’s 
perspective  
When quantifying the amount of cities handprint, the main aim may not be to compete with 

other cities on who has the biggest handprint. Instead, the focus should be on building a 

strategic focus how to keep growing the handprint potential year after year.  

Given these aims, the carbon handprint of a city can be defined as following 

 

Figure 6 presents the framework for defining and assessing the carbon handprint for cities and re-

gions. The handprint assessment consists of four stages that each includes multiple steps. In the 

following, each stage of the framework is briefly described. 

 

 
Carbon handprint of a city 

Acknowledging the climate leadership initiatives of the 

city in order to maximize their positive impact both in 

and outside of the city 
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Figure 6. Framework for regional carbon handprint approach. 

 

2.1.1 Stage 1. Handprint requirements 
The first stage in the handprint approach is key in setting up the comparison between the baseline 

and the new solution. First, the scope of the solution is defined. Previously, handprint guidelines 

have been created for products and services (Grönman et al. 2019) and, after that, for companies 

and projects (Vatanen et al. 2021). In this report the handprint assessment scope is now covering a 

regional view. Next, potential handprint contributors are identified. This is referring to mechanisms 

that the solution, that the city is offering, possess and thus enables the greenhouse gas emission 

reduction of its customers. The following natural step is to identify, who are the customers, or bene-

ficiaries in general, in the case of the city. As a final step in the first stage is to define the baseline, 

the point of comparison that would be the business-as-usual situation if the offered solution would 

not be available in the city.  

 

1. Defining the scope 
In the first step climate leadership initiatives launched by a city are recognized, defined, and de-

scribed accurately. In line with the GPC, any geographic boundary may be used for the GHG inven-

tory depending on the purpose of the inventory. For example, a metropolitan area, the area of re-
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gional council, the administrative boundary of a local government or another geographically identifi-

able entity, can be used. (GHG Protocol, 2018) The same principles are applied in the city handprint 

assessment when setting geographic boundaries. 

 

2. Identify the potential handprint contributors 
There are three main mechanisms categories identified in which handprint for a city or a region can 

be generated: ownership, operating environment, and projects. In addition, a fourth mechanism 

category related to companies in the city can be identified, but it should be reported separately. The 

handprint mechanism categories are presented in Figure 7 and explained below. 

 

 
Figure 7. Mechanism categories in which carbon handprint for cities and regions can be created. 

 

1. Ownership: A city or a region can offer footprint reducing solutions through city owned prop-

erty or companies. This can be done with various means 

 

• City owned companies (or city as a co-owner) providing products or services that reduce 

footprints of their customers (e.g., city owned energy companies producing climate 

friendly energy or city owned waste management company producing climate friendly 

waste management services) 

• City enabling others to reduce their carbon footprints through policies related to property 

the city owns 

o providing real-estate for climate friendly initiatives 

o providing land area for climate friendly initiatives 

o providing smart digital or physical solutions and applications that help beneficiar-

ies to reduce their carbon footprints 

While performing the handprint assessment one can utilize the list above and select the 

means that are relevant for the beneficiary in question. 
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The beneficiary can be a company, organization, or a resident in the city, but it can also be 

located outside the city.  

 

For this mechanism category, the conductor of the carbon handprint assessment is advised 

to refer to the carbon handprint guidelines for product and companies. 

 

2. Operating environment: A city or a region can offer a climate friendly operating environment 

for a company or a resident. This can be due to multiple characteristics of the region such as 

• Geographical location 

o closeness to key stakeholders, 

o distance and accessibility in terms of time and travel,  

o availability of natural reserves, 

o opportunities available through climate conditions 

• Traffic 

o efficiency in traffic infrastructure (port, railway access, road infrastructure) 
o accessible in-town mobility 
o public transport and pedestrian traffic initiatives 

o last-mile logistical options 
• Urban planning and building 

o climate policies in land use,  
o renewable/reusable building materials,  
o multi-purpose buildings 

• Energy 
o climate sensible energy production,  
o energy efficiency improvements,  
o smart energy solutions,  
o availability of waste heat 

• Waste management 
o minimizing waste amounts,  
o possibilities for waste separation 
o possibilities for reusing, recycling, and remanufacturing 

• Circular economy 
o possibilities for industrial symbioses and business ecosystems 
o sharing economy initiatives 

• Public procurement processes 
o climate conscious public procurement 

• Services and livelihoods 
o climate friendly possibilities offered for residents (shared spaces, urban garden-

ing, local and/or vegetarian food served in e.g., schools) 
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o shared spaces for small businesses in climate friendly sector (e.g., bike rentals, 

lending libraries, repair shops) 
 

While performing the handprint assessment one can utilize the list above and select the char-

acteristics that are relevant for the beneficiary in question.  

 

In case the beneficiary is currently located in the city, some improvements the city is offering 

that can reduce the greenhouse gases of the beneficiary can be categorized as carbon 

handprint for the city. In that case the baseline is the situation of the beneficiary in the city 

before or without the improvement. In case the beneficiary is not located in the city yet, one 

can compare the greenhouse gases that the operations would result in this city to an alter-

native city the beneficiary is also considering, or to its current location. 

 

For this mechanism category, the conductor of the carbon handprint assessment is advised 

to refer to the carbon handprint guidelines for product and companies. 

 

 

3. Projects: A city or a region can play a role in innovative climate projects or other initiatives. 

This can result two kinds of benefits: 

• Direct benefits to the city through participating projects which reduce greenhouse gas 

emissions of the beneficiaries 

• Indirect benefits to the city if some other actor follows the pioneering example of the 

city and climate friendly initiate is replicated somewhere else. 

 

While performing the handprint assessment one can utilize the list above and select the char-

acteristics that are relevant for the beneficiary in question.  

 

For this mechanism category, the conductor of the carbon handprint assessment is advised 

to refer to the carbon handprint guidelines for projects. 

 

4. Companies – other aspects 

 

In addition to these three key mechanism categories, a city may assess, what kind of carbon 

handprint the companies possess which are located in the city. The city might not necessarily 

play a role in the company operations other than providing its location. However, the city may 

want to report the about the carbon handprints that are created through companies that are 

located in the city. That way the city can brand itself as a home of many carbon handprint 

products, services, and companies and thus market the possibilities it has in terms of green 

jobs.  
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For this mechanism category, the conductor of the carbon handprint assessment is advised to refer 

to the carbon handprint guidelines for product and companies. However, this category is advised to 

be reported separately from the other three mechanisms, where the role of the city is more vital. 

 

3. Identify environmental indicators in question 
The guidelines given here are intended only for assessing global warming potential, and conse-

quently greenhouse gas emissions and removals are advised to be included into the assessment.  

 

4. Identify the users and beneficiaries in question 
In determining the handprint of a city or a region, the current as well potential residents, and busi-

nesses together with actors outside the city borders can be considered analogous to customers. 

When assessing the projects as a cause for city’s carbon handprint, the parties that benefit from the 

project should be identified as customers. In some cases, the project brings benefits to many parties, 

or the users may not be identified exactly. In these cases, an examination can be done at the system 

level. For example, in climate change mitigation projects the beneficiary might be the society as a 

whole. However, all the parties related to the studied project should be identified. The beneficiaries 

can also be outside of the city when the example of the city is followed elsewhere. Even if this kind 

of assessment holds many uncertainties, it can be considered to gain the handprint of the initiator of 

the original project. The beneficiaries are related to each handprint mechanism, as presented in 

Figure 8. 

 

 
Figure 8. Beneficiaries whose greenhouse gas emissions can be reduced through the carbon 

handprint mechanism categories the city adopts. 

 

5. Define the baseline 
The baseline is different depending on which of the four mechanism categories is under investiga-

tion. However, in each case the baseline describes the situation and conditions that are occurring 



18 
 

without the offered solution. The baseline should be chosen based on the current practices and 

conditions that the beneficiary is facing. Figure 9 gives guidance on how to start screening the rele-

vant baseline for each of the four handprint mechanism categories. 

 

 
Figure 9. Baselines to set the comparison point against different handprint mechanism categories 

in a city. 

 

2.1.2 Stage 2. LCA requirements 
 

In the second stage, the typical LCA requirements are being fulfilled. These steps are only briefly 

discussed here, further reading is provided on LCA standards (ISO 14040 and 14044) as well as in 

the Carbon Handprint Guide (Pajula et al. 2021). 

 

The functional unit describes the performance of the studied system, and the footprint calculation 

should be based on one. Again, the functional unit is selected case by case given the contributing 

mechanism, but it should always reflect the function the solution is providing to the beneficiary. 

 

The system boundaries should be set equally to represent both the baseline and the offered solution. 

The similar life cycle stages should be included in both. The selection of system boundaries should 

be consistent to represent the studied handprint mechanism. 

 

The data needed and used in study is relevant in order to reach results as valid as possible. In case 

the actual beneficiary of the handprint solution can be identified, primary and most up-to-date data 

possible should be preferred. If the beneficiary cannot be determined exactly, statistical, or average 

data can be used. The data for the baseline and offered solution should have the same temporal 

coverage. Whereas in former handprint guidelines (e.g., Pajula et al. 2021) also similar geographical 

coverage was requested, in regional handprints is more important to recognize the differences that 

the studied locations possess. Such differences, for example related to local weather conditions, 
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availability of natural reserves, and accessibility to waterways or other means of transportation, can 

generate significant differences in carbon footprint calculations and therefore influence the regional 

handprint as well. 

 

2.1.3 Stage 3. Quantification 
The third stage is about performing the case calculations. The carbon footprint of the baseline situ-

ation as well as the carbon footprint of the offered solution is calculated. The carbon footprint related 

to each mechanism described earlier is to be calculated separately, as they might have different 

beneficiaries.  

 

The carbon handprint is created, if the carbon footprint of the offered solution is smaller than the 

baseline solution. That would then mean reduced greenhouse gas emissions, of which the enabling 

actor, in this case the city, can take credit for. Therefore, the city can communicate the reduced or 

avoided emission amount as its carbon handprint.  

 

2.1.4 Stage 4. Communication 
The carbon handprint of the city is compilation of greenhouse gas reducing activities the city is ena-

bling. Different activities were separated under mechanisms regarding ownership, operating envi-

ronment, and projects. These mechanisms may hold number of activities under them. These activi-

ties all may have individual baselines. The carbon footprint reduction is to be counted separately for 

each activity against the relevant baseline. Therefore, it is also transparent to communicate the car-

bon handprint caused by an activity separately from each other. However, when handprints of differ-

ent mechanisms are calculated for the same period of time and within the same geographical bound-

aries, it is allowed to sum up the handprints. 

 

The city carbon handprint is always assessed for different activities separately with defined benefi-

ciaries and baseline. Additionally, the number of different activities within a city can be numerous 

and different from other cities. Thus, the carbon handprint of the city cannot be compared to other 

cities or regions. The carbon handprint is a relative indicator and cannot be used in same purposes 

as absolute indicators, like the carbon footprint. Instead, it can be used for communication purposes 

of climate leadership initiatives launched by a city. 

 

Further studies are needed first to calculate carbon handprint studies for cities and secondly to give 

more guidance on best practices how to communicate the carbon handprint of a city or its activities. 
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2.2 Handprint potential 
 

Handprint can be calculated for the current moment but maximizing the handprint potential requires 

a systematic approach. The city can use the handprint thinking as a strategic tool to maximize its 

handprint potential in years to come. By a systematic approach a city can accomplish reputation as 

a climate solution provider which helps to attract other climate solutions providing companies to the 

city and guarantee its success also in the future. 

 

Creating strategy for maximizing handprint requires the following steps are taken: 

  

1. Recognizing a sector significant from the climate point of view.  

A city should select a sector in which it can effectively support the creation of handprint offerings. 

The selection can for example be based on the positive characteristics rising from the location, in-

frastructure or companies already operating in the region.  

 

2. Developing a systematic plan of operation for the selected sector. 

A city should create a vision, which describes the target for increased revenues and number of jobs, 

as well as the measures that need to be taken to reach the target. A city can also express its willing-

ness to support and speed up innovations related to a specified technology. 

 

3. Developing support mechanisms to speed up the processes.  
A city should examine its mode of operation, whether it is enabling such efforts that have potential 

to create carbon handprints, or are there revisions needed, for example in licensing policies.  
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3 CASE STUDY: CARBON HANDPRINT IN THE 
CITY OF ESPOO 

The city of Espoo has been reducing its emissions for several years. In 2010 upon joining the Cov-

enant of Mayors, the city set a target to reduce its greenhouse gas emissions by 28 % from the level 

of 1990 by the year 2020. In August 2015 the European Commission published the Covenant of 

Mayors for Climate and Energy, which binds participant cities to aim for 40 % reduction in green-

house gases by 2030. Having reached its 28 % goal already in 2016, in 2017 the city of Espoo set 

the ambitious goal of reaching carbon neutrality by 2030. The city has defined carbon neutrality as 

an 80 % reduction in emissions compared to the level of 1990. In absolute amounts, the greenhouse 

gas emissions must be brought down from 1223 kilotons CO2-eq in 1990 to 245 kilotons CO2-eq in 

2030 to reach carbon neutrality. (City of Espoo, 2021) 

 

The emission reduction goals set by the city of Espoo are stricter than those demanded by the Cov-

enant of Mayors of Climate and Energy. In 2018 the city joined the covenant and engaged in com-

posing a Sustainable Energy & Climate Action Plan (SECAP). The plan for Espoo consists of 60 

measures divided into several groups, which are associated with the following themes: 

 

1. Emission-free energy production and transitioning into using renewable energy 

2. City acting as an example in deployment of clean and sustainable solutions 

3. Sustainable neighborhoods and energy-efficient buildings 

4. Low-emission traffic and efficient public transport solutions 

5. Energy-efficient waste management and circular economy solutions 

 

Examples of operative actions in Espoo SECAP include executing emission-free and carbon neutral 

district heating projects, increasing the utilization of renewable energy sources in city-owned build-

ings, advancing smart-home solutions within the city, extending the subway connection from Mat-

inkylä to Kivenlahti, and increasing the number of receiving sites for plastic packaging. Many of the 

actions are carried out in collaboration with public and private organizations. (City of Espoo, 2021) 

 

In 2021 the city published a report about the Sustainable Espoo Program, which lays out five devel-

opment goals for a sustainable city which aims to provide a healthy and functional life in a carbon 

neutral and economically sustainable city. While creating handprints is not included in the goals of 

the program, it is mentioned that goals on the city level carry out important work to create handprints, 

which will fortify the economy and employment, digitalization as well as green transition. (City of 

Espoo, 2021) 
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In the future the creation of carbon handprints may be included in the city’s strategies for sustainable 

development. By following a strategy, the city can affect the climate impacts of different actors. By 

including carbon handprints in the strategy, the city can extend its area of effect outside the city 

borders.  

3.1 Carbon handprint mechanisms in Espoo 
Handprint mechanisms in Espoo can be identified based on the handprint framework presented in 

Figure 6. In the following chapters, examples are given how these handprint mechanisms are shown 

in the city of Espoo. Other actions besides these are likely to occur as well. 

3.1.1 Enabling others to reduce their footprints through city ownership 

Espoo has actively contributed to developing a market-based electric car recharge station network. 

Allowing installation of recharge stations on city-owned land or property does not provide direct re-

ductions into the carbon footprint of the city. However, the existence of such network allows for 

increased proficiency in operation of electric cars for residents, companies, and other organizations. 

An expanding recharge network encourages replacement of ICE cars running on fossil fuels with 

electric cars, thus also contributing to increasing handprint. (Sjöblom et al., 2019) 

 

In a 2021 KIEPPI project related to sustainable neighborhoods, Espoo was involved in developing 

methods to act as an active collaborator in designing and building neighborhoods compatible with 

circular economy. A part of the project was advancing the design of a circular economy centre in 

Kera with Pääkaupunkiseudun kierrätyskeskus and a local strategic partnership HSY. The centre 

aims to provide diverse circular economy and sharing economy services for local people. The circular 

economy centre is an example of how the city can create a carbon handprint through a partially city 

owned partnership by increasing the efficiency of source separation as well as by decreasing the 

need for consumption. (City of Espoo, 2021) 

3.1.2 Providing climate friendly operating environment 

The city of Espoo has taken several actions which contribute to providing a climate-friendly operating 

environment for a business or a resident. The first example of this is the goal of utilizing carbon 

neutral electricity and renewable district heat in city-owned real estate by the year 2030 (Sjöblom et 

al., 2019) 

 

To achieve renewable district heating in the schedule, the city is implementing emission-free and 

carbon neutral energy production, such as new biofuel boilers and heat pumps. To promote carbon 

neutral electricity production, the city is involved in solar electricity bidding and market dialogue to 

increase the visibility of solar electricity solutions. (Sjöblom et al., 2019) Other relevant handprint 

contributors related to energy are optimization of district heating and increasing the energy efficiency 

of city-owned real-estate.  
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Written in the Sustainable Espoo action plan are goals to increase the efficiency and diversity of 

transport within Espoo. Fulfilled actions towards this goal include increasing the number of electric 

buses in operation, building an electric bus recharge station as well as increasing the amount of 

public electric car recharge stations. Helsinki Region Transport (HSL) has set a goal of having 30% 

of buses operating within its region be electric buses by 2025. (City of Espoo, 2021) The aforemen-

tioned actions create handprint potential by making low carbon traveling easier for local residents as 

well as visitors from outside the city.  

 

Espoo has also taken actions to provide localized ecosystems for green business. Fiksu Assa -

project was a business development project with the aim to enable the testing of novel climate-smart 

services within the perimeters of public transport stations. The knowledge gathered from the project 

will be used in the future to develop public transport stations. Another example of ecosystem-building 

are food related projects and business pilots from 2018 to 2020, which aimed to support food busi-

nesses’ possibilities to be placed in Kera and to reduce the amount of food waste produced. Follow-

ing April of 2019, several businesses have placed themselves in Kera, and the city has acted to 

increase their collaboration to advance circular economy. In addition, a business service to reduce 

food waste produced by food markets was piloted in Espoo in 2020. (City of Espoo, 2021)  

 

3.1.3 Pioneering novel footprint reducing solutions 

Espoo has acted as a pioneer in electrifying public transport being the first city in Finland to imple-

ment electric bus transport and bus recharge stations. Other cities have then also started to imple-

ment electric buses into their public transport systems. (Sjöblom et al., 2019) It is possible, although 

not certain, that Espoo’s example has inspired other cities to take action in electrifying public 

transport. Espoo has recently been running pilot tests for autonomous buses which, if implemented, 

have the potential to be replicated elsewhere to increase efficiency and reduce emissions from public 

transport, creating handprint for the city.  

 

Currently Espoo is participating in energy production pioneer projects that, if replicated by others, 

may contribute to Espoo’s handprint. Such projects include St1 Deep Heat project, a geothermal 

heat production project in Otaniemi involving extracting heat from a 6,5 km deep hole bored into the 

bedrock (Sjöblom et al., 2019) Recently Espoo has also taken interest in developing a small-scale 

nuclear reactor for energy production (Helsingin Sanomat, 2021). These projects are innovative and 

novel on the national scale, and thus are potential contributors for Espoo’s carbon handprint.  

3.1.4 Other ways companies increase handprints in the city 
The shopping centre Sello in Espoo is the first significant real-estate body to implement a virtual 

powerplant service. The service makes the shopping centre comparable to a reserve powerplant, 

which can adjust its energy consumption automatically by buying, storing and consuming energy 
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as needed (Energy Efficiency Agreements, 2019). A shopping centre utilizing such a service is a 

novel example of energy optimization and a thus a potential handprint contributor, although the city 

is not directly involved in enabling the solution through actions or ownership.  

 

Several cleantech companies are currently operating in Espoo, and the cleantech sector in the city 

is expected to grow in the future (Sjöblom et al., 2019). Cleantech and other frontrunner companies 

can provide products and services, that reduce the carbon footprints of their customers. Such com-

panies can indirectly contribute to the city carbon handprint.  

 

3.2 Carbon handprint framework for Espoo 
Figure 10 summarizes the carbon handprint mechanisms identified in the city of Espoo. 

 

 
Figure 10. Summary of handprint contributors in Espoo 

 

From each mechanism presented in Figure 10, an example action is applied into the handprint frame-

work as presented in Figure 11. The handprint framework should be applied for each recognized 

action under each handprint mechanism of the city.  
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Figure 11. Handprint framework for cities filled using four example actions of Espoo 
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4 CONCLUSIONS  
 

To our knowledge, this report is the first effort to utilize the carbon handprint approach in a regional 

level. In other words, this report gives the first guidelines on assessing the positive climate impacts 

of cities, municipalities, and other regions. This report presents the methodology which turns the 

focus on those enormous possibilities what cities can offer when combating against climate change. 

The carbon handprint for cities can be created through different mechanisms, that allow the green-

house gas reduction of beneficiaries in the city or outside the city compared to certain baseline. The 

baseline represents the situation without the climate leadership initiatives, that the city would be 

offering.  

 

Compared to the carbon footprint of a city, the handprint does not only reflect the greenhouse gas 

reduction taking place in the limits of the city, but it also contains the enabled emission reductions 

outside the city. Cities can lead climate leadership initiatives with their example and have other com-

munities and actors following them. Cities and regional authorities can also enable and offer early-

on support and resources on implementing innovative ideas, perhaps even before they are ready for 

other investors. Cities can also differentiate themselves on being active on providing a climate 

friendly environment on its residents, businesses, and other organizations. By providing the low-

carbon operating environment for e.g., the companies in the city, the companies can further on con-

centrate on reducing the climate impacts of its value chain.  

 

The main purpose of the carbon handprint of a city is to recognize and communicate trailblazing 

climate actions implemented by a city. Instead of communicating absolute emissions, handprint ra-

ther concentrates on acknowledging climate leadership initiatives provided by a city. The carbon 

handprint can be used as a tool for strategic planning beyond carbon neutrality goals of a city. It can 

also be used in marketing and branding, to promote the actions the city is taking in the battle against 

climate change and to attract new activities and businesses into the city. The systematic strategy to 

increase the carbon handprint potential over years to come will help to create new, climate-wise 

business opportunities, innovations, investments, and jobs in the area. 

 

Handprint approach for the cities and regions was tested and applied in the city of Espoo. The case 

study showed that examples of handprint contributors divided into three categories of ownership, 

operating environment, and projects, can all be identified in the city of Espoo. Additionally, compa-

nies in the city area providing handprint solutions are contributing to handprint efforts in the city of 

Espoo.  In future, handprint potential could be systematically increased by including handprint targets 

in the action plan of the city.  

 

This report gives first time guidelines for assessing regional level handprint. However, to date, the 

approach is tested qualitatively only in the case of Espoo. Further research is needed to quantify the 
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handprint activities of a city. This would give insights on the required accuracy of the calculations 

and the availability of data. In addition, results of case calculations are needed to further define the 

communication guidelines in detail.  

 

Figure 12 presents the development stages of the carbon handprint approach. The authors of this 

work have first based the methodology development on existing standards about life cycle thinking 

and assessment as well as carbon footprint, with the emphasis on regional guidelines derived from 

the GHG Protocol. The basis for carbon handprinting is derived from the work done by LUT and VTT. 

In this project, the relevant use purpose for regional carbon handprint was defined as well as con-

tributing mechanisms for it.  

 

 
Figure 12. The process of methodology development and future research 

 

The work has led to defining the regional handprint, but as noted above, future research is needed 

to test the applicability of the approach in a real case calculation. Such exercise might contribute to 

revising and supplementing the guidelines given in this report. In addition, implementing the 

handprint potential in a city’s strategy work requires further discussions with city representatives.   
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