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Glossary  

Accompanying 

measures  

Measures meant to reduce and/or avoid possible response risks and to en-

hance opportunities of specific mitigation or adaptation measures. They are 

implemented at the same time. 

Adaptation  The process of adjustment to actual or expected climate and its effects. In 

human systems, adaptation seeks to moderate or avoid harm or exploit 

beneficial opportunities. In some natural systems, human intervention may 

facilitate adjustment to expected climate and its effects (IPCC, 2014). 

This can be specific for climate change (United Nations Framework Con-

vention on Climate Change, UNFCCC), but also apply for other challenges 
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such as soil erosion, migration and structural economic changes. Adapta-

tion can occur in autonomous fashion, for example through market 

changes, or as a result of intentional adaptation policies and plans at Inter-

national, National or local scale (UNISDR, 2009). 

Adaptation measures  Adaptation measures are nature-based solutions, technologies, processes, 

and activities directed at enhancing our capacity to adapt (building adaptive 

capacity) and at minimizing, adjusting to and taking advantage of the con-

sequences of climatic change (delivering adaptation) (Climate²ADAPT). 

Can be separated in: Hard and source-oriented measures, Hard and recep-

tor-oriented measures and Soft measures (Glossary of the Clarity Pro-

posal). 

BAU The BAU (Business-as-usual) scenario in the energy demand model follows 

historical trends and enacted policy measures characterised by low mod-

erate socio-economic and technological changes and limited decarbonisa-

tion measures concerning energy savings and efficiency improvements, 

electrification, digitalization, and the transition to clean fuels across all con-

sumption sectors (Household, service, transport, etc.). BAU scenario 

serves as a benchmark to assess the effectiveness of the forthcoming CET 

scenario. 

CETS The CETS (Clean Energy Transition Scenario) in the energy demand model 

aligns with the local, regional and national energy and climate goals and is 

being developed based on the results of BAU employing significant en-

hancements in energy efficiency, electrification of end-uses and a shift to 

clean fuels across all sectors beside increasing the share of local renewable 

energy systems to decarbonize power and heat supply. As a result, signifi-

cant shifts will occur in city®s final energy demand and supply structure, the 

technological landscape of energy production and consumption, and the 

changes in related socio-economic and technological determinants. 

Climate Impact Con-

texts (CIC)  

Within KNOWING three CICs (heat & health, soil fertility and agriculture, 

flooding and infrastructure) are investigated, representing emerging risks 

for the demonstrators due to climate change.  

Climate impacts  The consequences of realized risks on natural and human systems, where 

risks result from the interactions of climate-related hazards (including ex-

treme weather and climate events), exposure, and vulnerability. Impacts 

generally refer to effects on lives; livelihoods; health and well-being; eco-

systems and species; economic, social and cultural assets; services (in-

cluding ecosystem services); and infrastructure (based on IPCC, 2018) 

Cooling Degree Days  The indicator Cooling Degree Days represents a measure of how much (in 

degrees), and for how long (in days) the outside air temperature is above a 

defined temperature (so-called base temperature) and therefore people will 

be expected to cool their houses. For instance, if the base temperature is 

22°C and the daily mean temperature is 25°C, the CDD is 3 for this day. 

These can be accumulated for many days of a whole season or year, to 

allow comparisons. 

Core demand  End-use energy demand for electricity, district heating, and hydrogen, con-

sidered as the default demand in energy supply system modelling.   

Demonstrators  Regions that are part of the KNOWING consortium and for which the miti-

gation pathways are developed.  

Domain models  A detailed computational model of a domain that covers its relevant struc-

ture and interfaces with other domains. A domain model incorporates both 

behaviour and data. In KNOWING, the used domain models can be classi-

fied into three main groups: Sector Models, Climate Models and Climate 

Impact Assessment Models. 
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Electricity exchange 

with outside re-

gions/city  

The import or export of electricity between a demonstration region or city 

and external areas, influenced by national-level price signals and market 

conditions. 

End-use categories  The end-use categories of the energy demand refer to the specific ways in 

which energy is consumed by different sectors of the economy (e.g. service 

sector, manufacturing sector, etc.) or within households. These categories 

help us to understand what energy is used for, rather than just how much 

is used, or which energy carrier is used. End-use categories in e.g. the 

household sector are space heating, hot water heating, cooking, air-condi-

tioning, electric appliances, lighting, etc.. 

Energy supply  The provision or availability of energy from various sources to meet de-

mand, including electricity, heating, and fuel, often modelled in simulations 

to plan generation, transmission, and consumption. 

Final energy demand  The Final energy demand refers to energy consumed in the end-use sec-

tors, i.e. Industry, Transportation, Residential and Commercial (and poten-

tially others). It includes the energy delivered to consumers (like electricity, 

gasoline, or heating fuels) but excludes the energy lost during production, 

conversion, and transmission. 

Follower  Regions that are part of the KNOWING consortium and which represent the 

first regions for testing the transferability of the mitigation pathways devel-

oped for the Demonstrators. 

Greenhouse gases 

(GHGs) 

Gaseous constituents of the atmosphere, both natural and anthropogenic, 

that absorb and emit radiation at specific wavelengths within the spectrum 

of radiation emitted by the Earth®s surface, by the atmosphere itself, and by 

clouds. Includes Water vapour (H2O), carbon dioxide (CO2), nitrous oxide 

(N2O), methane (CH4) ozone (O3) sulphur hexafluoride (SF6), hydrofluoro-

carbons (HFCs), chlorofluorocarbons (CFCs) and perfluorocarbons (PFCs). 

Heat Load  The total amount of heat energy a system or body must absorb or dissipate 

³ for people, it®s the sum of environmental and metabolic heat affecting 

thermal balance. 

Heat Stress  A physiological strain that occurs when the body cannot dissipate excess 

heat effectively, leading to rising core temperature, dehydration, and po-

tential health risks. 

Heat wave year (HW)  A selected weather year representing extreme temperature events during 

summer periods expected around 2050 under future climate change sce-

narios. 

Heating Degree Days  The indicator Heating Degree Days represents a measure of how much (in 

degrees), and for how long (in days) the outside air temperature is below a 

defined temperature (so-called base temperature) and therefore people will 

be expected to heat their houses. For instance, if the base temperature is 

12°C and the daily mean temperature is 5°C, the HDD is 7 for this day. 

These can be accumulated for many days of a whole season or year, to 

allow comparisons. 

Human Thermal Com-

fort  

A person®s overall sensation of temperature balance with their environ-

ment, influenced by air temperature, humidity, wind, clothing, and meta-

bolic rate. 

IESopt  An in-house software tool developed by AIT for Integrated Energy System 

Optimization, used to model, simulate, and optimize energy systems. 
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Impact  The impact can be measured in several ways: physical, economic, social, 

functional etc. and it can be evaluated as direct and/or indirect conse-

quence of the event at a given time (snapshot) or projected in the future  

In literature impact is defined as "consequences of a hazardous event, on 

natural and human systems, once it materializes, i.e. actually affects a soci-

etal system.  

The term impacts are used primarily to refer to the effects on natural and 

human systems of extreme weather and climate events and of climate 

change. Impacts generally refer to effects on lives, livelihoods, health, eco-

systems, economies, societies, cultures, services, and infrastructure due to 

the interaction of climate changes or hazardous climate events occurring 

within a specific time period and the vulnerability of an exposed society or 

system. The impacts of climate change on geophysical systems, including 

floods, droughts, and sea level rise, are a subset of impacts called physical 

impacts (IPCC, 2014). 

Impact Interaction 

Modelling Framework  

In KNOWING, the Impact Interaction Model Framework (IIMF) consists of 

a system dynamics model, climate and domain models for integrated as-

sessment of impacts (direct and indirect) of climate change, as well as 

mitigation and adaptation interventions 

Incoming Solar Radia-

tion  

The energy from the sun that reaches the Earth®s surface, influencing tem-

perature, evaporation, and climate processes. 

Indoor Thermal Com-

fort  

The state in which people feel neither too hot nor too cold indoors, depend-

ing on air temperature, humidity, air movement, clothing, and activity level. 

Interventions  A specific action that supports reaching defined goals or measures of miti-

gation or of adaptation (e.g. measure: reducing number of cars within city 

limits; intervention: increasing the parking fee by 50% within the city) 

Maximum realisable 

potential  

The upper limit of realisable potential of renewable energy sources by 

2050, determined by technical and spatial constraints. 

Meteorological Data 

for energy system 

modelling  

Weather-related data such as temperature, wind speed, and solar radiation 

processed and used in energy system modelling. 

Minimum local tar-

gets  

The share or amount of a technology or fuel that a region or city aims to 

achieve on the pathway to decarbonization, considered as the minimum in 

energy system modelling. 

Mitigation  In the context of climate change, and in this document, the term is used to 

indicate "a human intervention to reduce the sources or enhance the sinks 

of greenhouse gases (GHGs)" (IPCC, 2014), that are the source of climate 

change. 

It is also used to indicate the lessening or minimizing of the adverse impacts 

of a hazardous event (UNISDR, 2017), through actions that reduce hazard, 

exposure, and vulnerability (IPCC, 2014). However, this is not the meaning 

that is used in this document. 

Annotation: The adverse impacts of hazards, especially natural hazards, 

cannot be completely prevented, but their scale or severity can be substan-

tially reduced by various strategies and actions. Mitigation measures in-

clude engineering techniques as well as improved environmental and social 

policies and public awareness. 

Mitigation measures  In climate policy, mitigation measures are technologies, processes or prac-

tices that contribute to mitigation, for example renewable energy technolo-

gies, waste minimisation processes and public transport commuting prac-

tices (IPCC, AR6) 
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Modal Split  Modal split refers to the percentage distribution of how people travel within 

a given area ³ for example, the share of trips made by car, public transport, 

cycling, or walking. It is commonly measured by the number of trips (how 

many journeys are made using each mode) or by person-kilometres (the 

total distance travelled by people using each mode). 

Non-weather -depend-

ent demand  

Energy demand that is largely independent of weather conditions, such as 

industrial processes or appliances usage 

Normal year (NY)  A selected weather year representing typical climate conditions expected 

around 2050 under future climate change scenarios. 

Response (in climate 

adaptation and miti-

gation)  

Actions or behaviours (including inaction) by individuals, groups, organisa-

tions, companies, institutions or governments related to climate adaptation 

and mitigation. This includes actions meant directly to reduce the impacts 

of climate change and or emissions (see ­adaptation measures® and ­miti-

gation measures®) as well as actions or behaviours to reduce/capitalize on 

the intended and unintended consequences of such actions (see ­response 

risks®). 

Response opportuni-

ties  

Potential for positive side-effects of responses. This can be on the sector 

associated with the response, or in other sectors, or on other societal ob-

jectives, such as the Sustainable Development Goals (SDGs) (IPCC, AR6). 

Response risk  Potential for trade-offs or negative side-effects from responses. This can be 

on the sector associated with the response, or in other sectors, or on other 

societal objectives, such as the Sustainable Development Goals (SDGs) 

(IPCC, AR6). 

Note: response risks may occur in the same sector or in other sectors. 

Strategies  Sets of measures, of either mitigation or adaptation. Strategies are com-

monly generated in advanced (climate-related) planning, at national, re-

gional or local level. 

Temporal variability  Changes in variables (e.g., generation per technology, energy demand) 

over time. 

Urban heat island 

(UHI) 

A phenomenon where urban areas are significantly warmer than surround-

ing rural areas due to heat retention by buildings, asphalt, and reduced 

vegetation. 

UTCI The Universal Thermal Climate Index, UTCI, is a bioclimatic index for de-

scribing the physiological comfort of the human body taking various mete-

orological factors such as solar radiation, wind and temperature into ac-

count. 

Weather -dependent 

demand  

Energy demand that varies with weather conditions, such as heating, cool-

ing affected by temperature 
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Executive  Summary  
Within KNOWING integrated pathways of mitigation and adaptation are developed, to enable regions to 

reach climate mitigation as well as adaptation goals for various contexts and climate hazards. The pre-

sented Deliverable D3.3 CIC1 Climate Mitigation Pathways relates to the Demonstrator heat & health 

that is represented by the city of Tallinn. Tallinn, the capital of Estonia and green capital of Europe in 

2023, experiences increasing heat load due to climate change and therefore identified heat as emerging 

risk. Consequently, climate mitigation measures and adaptation interventions to reduce heat load have 

to go hand in hand. Within KNOWING, this is achieved through applying specific domain models of dif-

ferent sectors and building a system dynamics (SD) model using their results to comprehensively con-

sider interdependencies. The domain models, mitigation and adaptation interventions of Tallinn, and 

their envisioned translation into the SD model have been presented in detail in D3.2 Modelling Plan. For 

Tallinn, the specific models that relate to climate mitigation comprise of energy demand, energy supply, 

and transport; with respect to adaptation, they comprise of urban climate and health. Additionally, the 

behaviour model developed in KNOWING is applied. The interventions and their timing are based on an 

intensive stakeholder engagement process, where regional visions and potential timelines of interven-

tions were collected that provide the base for the climate mitigation pathways.  

Within this report, the domain model results of the above-mentioned models are presented and the 

resulting pathway to reach climate neutrality by 2050 while adapting to heat is displayed. Therefore, a 

short recap of the applied models is given. Each model was performed for the same reference period, 

but the future scenarios differ depending on the purpose of the model.  

Results from the models used show that climate neutrality in energy demand can be achieved through 

technological improvements, substitution of fossil fuels with renewable energy sources, electrification of 

end-use activities and energy savings and efficiency improvements in all consumption sectors. For the 

transport sector, the results clearly show the potential of increasing active and public forms of mobility 

through targeted subsidies in conjunction with consistent pricing measures in motorised private 

transport. On the energy supply side, due to very limited renewable potential, Tallinn®s electricity sector 

will remain highly dependent on the national grid, with connection capacity more than doubling by 2050 

to support electrification and ensure reliability, while solar photovoltaic is expected to become the main 

local generation technology. When focusing on heat, both in energy demand and supply models, no 

significant impact of a potential future heatwave is found. With regard to adaptation to reduce the local 

heat load, the use of the urban climate model shows the potential of greening and renaturalization, 

whereby the space required for these interventions is made available by the transformed transport sys-

tem. Regarding health impacts, based on available data and regarding the past climate conditions, a 

significant impact of temperature on health was not found. However, as heat displays an emerging risk, 

the impact of heat should be further investigated in the future. The behavioural model helps to assess 

possible reactions from the population and provides insights into possible countermeasures to ensure 

the successful implementation of the envisaged measures. Within the integrated climate mitigation and 

adaptation pathway, the results from the models (transport, energy, urban) are translated into specific 

actions that need to be undertaken to reach the targets in 2030, 2040 and 2050. These numbers and 

targets should be integrated into the city®s strategies and shape future regulations to ensure the sustain-

able transformation of Tallinn.  

Overall, the results presented in this Deliverable are of importance to local stakeholders that specifically 

deal with climate mitigation and climate adaptation measures in their daily work, and/or are in the position 

of taking respective decisions. Additionally, the findings are of interest to the scientific community focus-

ing on climate mitigation, adaptation and sector interdependencies. 
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1  KNOWING Summary  
Climate change has been globally recognised as an existential threat requiring urgent action to avoid 

catastrophic consequences. Hence, the EU®s Green Deal has been proposed ¯to make Europe the first 

climate neutral continent in the world°. This includes not only the elimination of net emissions of green-

house gases by 2050; this is to be achieved while decoupling economic growth from resource use and 

striving for a- fair implementation, leaving no person and no place behind. This ambitious goal is addi-

tionally challenged by the need to adapt to unavoidable impacts.  

According to the EU®s Climate Adaptation Strategy (COM (2021) 82), ¯improving knowledge and man-

aging uncertainty° is key for realising the vision of a climate neutral and climate-resilient Union, as ¯Cli-

mate change is having such a pervasive impact that our response to it must be systemic°. Thus, there 

is an urgent need for an integrated approach for enhanced understanding of the interaction, com-

plementarity and trade -offs between adaptation and mitigation measures, especially regarding the ex-

pected increase in regional mean temperature, changing precipitation pattern and soil moisture (IPCC 

AR6 WG I). Furthermore, this understanding and knowledge needs to be provided to a broad audi-

ence to support local authorities  in EU countries for developing regional programmes. 

To achieve this goal, KNOWING will produce the following key exploitable results (KERs) : 

KER1   an Impact Interaction Knowledge Base  comprising causal relations of climate and interven-

tion impacts, rebound effects, coping strategies, etc. to inform Climate-ADAPT and IPCC Work-

ing Groups I, II & III 

KER2   an Impact Interaction Model Framework  consisting of a system dynamics model, climate 

and sector models for integrated assessment of impacts (direct and indirect) of climate change 

and countermeasures  

KER3   a Typology of transferable Climate Mitigation Pathways  including optimised bundles of ad-

aptation and mitigation measures for different typical Climate Impact Contexts (heat waves, 

soil fertility, flooding) 

KER4   Climate Activation and Empowerment Services  addressing different target groups (citizens, 

businesses, authorities) to enhance climate literacy, provide playful trainings and support de-

cision making  

These results, developed with the support of an External Expert Advisory Board (EEAB) and a Stake-

holder Reference Group (SRG), will accelerate the transition to a climate -neutral and resilient soci-

ety and economy  enabled through advanced climate science, mitigation and adaptation pathways and 

behavioural transformations. 

This Deliverable is part of WP3 Model Case Specific Demonstrator Pathways and depicts the modelling 

approach to quantify the effect of planned interventions. 

  

KNOWING aims to develop a modelling  framework to help understand and quantify  the interactions  

between impacts and risks of climate change, mitigation pathways and adaptation strategies. The frame-

work will be used to assess the interrelations between public and private adaptation and mitigation 

strategies  in order to identify mitigation pathways along optimised combinations of interventions  

in different sectors (e.g. energy, mobility, land use, construction, agriculture). The framework will focus 

on three m ain Climate Impact Contexts  (CICs): (1) Heat waves & health, (2) Soil fertility & agriculture, 

and (3) Flooding & infrastructure (including river and coastal flooding). It be applied in four Demonstra-

tor and five Follower Regions by involving authorities, stakeholders and citizens  to develop en-

hanced activation and empowerment services, providing target -group -specific awareness, edu-

cation and decision support tools  to improve the comprehensibility of complex interrelations and sup-

port strategic planning of combined adaptation and mitigation measures. 
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2   Object ives  of the Deliverable  

This deliverable displays the results of the Domain Models applied to the Demonstrator Tallinn and the 

corresponding integrated mitigation and adaptation pathway. It therefore represents an important part 

of KER2 (Impact Interaction Model Framework ), which consists  of a system dynamics model, climate 

and sector models for integrated assessment of mitigation and adaption measures, as well as impacts 

(direct and indirect) of climate change and countermeasures . Additionally, it constitutes a key means to 

communicate the results and ensure their appropriate interpretation by local stakeholders. 

 To achieve this, the following objectives apply: 

¶ Present the future climate conditions computed 

¶ Comprehensively present the Domain models used, including motivation for use, scenarios in-

vestigated, assumptions taken. 

¶ Explain input data, especially focusing on local information used for defining the scenarios   

¶ Display the interdependencies with other models  to enable the comprehensive analysis of the 

effect of interventions across different sectors (e.g. shared input, output of one model as input 

to another) 

¶ Present the results of the Domain models with respect to clearly explaining the interventions 

implemented in the modelling, including the aspect of their timing and clear insight on the inter-

pretation and usability of the results for the purposes of different stakeholders.  

¶ Present the integrated mitigation and adaptation pathway for Tallinn, reflecting the interventions 

implemented by the Domain models, along with clear indications about its interpretation and use 

by different stakeholders. This one pathway is the basis from which additional ones can be as-

sessed, using the Impact Interaction Modelling Framework (D2.4) of KNOWING  
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3   Introduction  
Within the KNOWING project, WP3 carries out the modelling of climate impacts, as well as the quantifi-

cation of effects of measures related to climate mitigation and adaptation. This is done by using computer 

models that can represent the key processes of a specific domain of reality: here we call these d̄omain 

models°. These model simulations are performed explicitly for four regions considered within KNOW-

ING, the so-called Demonstrators.  

Deliverable D3.2 Modelling Plan (Bügelmayer et al., 2024) displayed in detail the different regions of 

KNOWING (urban, coastal & river, agricultural) and the related Demonstrators (Tallinn, Naples & Gran-

ollers, South Westphalia) as well as the related risks (heat and health, flooding and infrastructure, soil 

fertility). Within KNOWING, 12 different domain models are applied. These are described in D3.2, with 

respect to their characteristics, further specifying their application to the various regions and related 

research questions. Additionally, D3.2 outlined interdependencies between models and the foreseen 

interventions per Demonstrators, as well as the modelling time plan for the different regions.  

This D3.3 CIC1 Climate Mitigation Pathways builds upon this work and focuses on the Demonstrator of 

heat and health: Tallinn. It provides the overview of the modelling work carried out intensively over the 

past years and the results of the different domain models as well as the corresponding mitigation path-

way.
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4  Demonstrator  Tallinn  
Within KNOWING, the city of Tallinn represents urban areas and their challenges in the context of the 

climate impact heat and health, and their potential for climate mitigation.  

 

Socioeconomic Characteristics  

Tallinn, the capital city of Estonia, is a vibrant and diverse metropolis nestled on the southern coast of 

the Gulf of Finland in north-western Estonia. As of 2022, Tallinn boasted a population of approximately 

445,000 residents, with a notable demographic feature of 39,000 more females than males. This city 

represents a significant portion of Estonia®s total population, accounting for 32.9% of the country®s in-

habitants. Among Tallinn®s population, Estonians make up 52.9% of the diverse populace, creating a 

dynamic and multicultural environment. 

Tallinn®s population density is relatively high, with 2,790 inhabitants per square kilometre. The city®s 

residents have a life expectancy at birth of approximately 80.25 years, reflecting a high standard of living 

and access to quality healthcare. 

The average gross monthly salary in Tallinn stands at  1,744. Additionally, a substantial 73% of house-

holds in the city own the dwellings they reside in, showcasing a strong sense of homeownership. In 

terms of the economy, Tallinn has a robust economic profile. In 2019, the city®s GDP per capita was 

 35,049.8. Tallinn®s economic significance extends beyond its city limits, as it contributes significantly to 

the surrounding region, accounting for 54.4% of the regional GDP share. 

The services sector contributes significantly to the city®s economic prosperity, with a total value of 

 11,196.4 Mio at current prices. Industry and Construction, encompassing industry and construction 

activities, plays a vital role in Tallinn®s economy, with a value of  2,107.3 Mio at current prices. Agricul-

ture, Forestry, and Fishing: While smaller in scale compared to the other sectors, agriculture, forestry, 

and fishing contribute  13.5 Mio to Tallinn®s economy at current prices. 

Transport  

In terms of infrastructure, Tallinn is spread across an area of 159.37 m² and is divided into 8 districts. 

The city boasts an extensive urban street network spanning 1,053 km. 

Public transportation in Tallinn is well-developed and includes bus, tram, and trolley traffic. With a total 

of 81 lines covering 934 km and 934 vehicles in operation, the city®s public transport system plays a 

crucial role in keeping the city accessible and connected. 

Land use  

Green spaces are a hallmark of Tallinn, with 106 m² of green area per capita. This commitment to green-

ery contributes to the city®s high quality of life and environmental sustainability. Tallinn®s natural environ-

ment includes several bodies of water, with Lake Ülemiste as the largest at 9.44 square kilometres, 

serving as the primary source of drinking water. Lake Harku, at 1.6 square kilometres, is the second-

largest lake within the city®s borders. The Pirita River, with an average discharge of 8 cubic meters per 

second, is the only significant river in Tallinn and flows through the eponymous Pirita city district. 

Climate  

Tallinn®s geographical location, nestled by the Gulf of Finland, influences its climate. The city experiences 

a humid continental climate (Köppen climate classification Dfb) characterized by mild, rainy summers 

and mildly cold, snowy winters. Despite its northern latitude, the coastal location mitigates the severity 

of winters, making them relatively mild. 

Even though Estonia and Tallinn are situated in Northern Europe, climate change relates to increase 

occurrence of heat waves, which pose an emerging risk for the health of the citizens. Therefore, the 
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possibility to transform Tallinn to a climate neutral, while heat adapted city is the focus of the demon-

strator. 

4.1 Modelling  Workflow  

For Tallinn, the following domain models were selected: transport model, energy demand and supply, 

urban climate, health costs and health impact and behaviour model. A short recap of each model®s 

feature is given in section 5 Domain Modelling Results. Their interdependencies are displayed in Figure 

1. 

 

 

Figure 1: Domain models and interdependencies accounted for. 

Based on the models­ purpose and applicability, as well as the feedback of the Demonstrator®s repre-

sentatives, a list of interventions for each model has been set up (see D3.2). Additionally, a workshop 

was carried out within the Demonstrator region including local stakeholders of different sectors to enable 

the development of a shared vision for the regions until 2050 ² including specific interventions to reach 

this vision. For Tallinn, the results of this workshop are displayed in Figure 2.   
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Figure 2: Results of the Vision workshop and interventions therein envisioned; the measures/interventions that 

were simulated by the Domain models are framed: by the urban climate model PALM (green), transport model 

(MATSIM, blue), energy demand (MAED-city, purple), Behaviour Model (black) and health model (D-MERF, red). 

Based on the workshop results and the modelling capacities, as well as continuous communication with 

Tallin®s representatives, the scenarios and interventions within the different domain models were shaped. 

These build the base for the integrated pathway of mitigation and adaptation presented within this deliv-

erable and further implemented within the expandable Impact Interaction Modelling Framework (IIMF, 

D2.4).  
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5  Domain  Modelling Result s 
In the following sections, all Domain models applied to Tallinn and their results are presented. The re-

gional climate model WRF provides the information on the future climate conditions that are input to 

several other Domain models; thus, it is described first and with a different structure. It is followed by the 

models related to climate mitigation and to climate adaptation: Transport, Energy Demand, Energy Sup-

ply, PALM, HWLEM, D-MERF, Behaviour model.  

The Domain models are displayed according to the following structure:  

¶ Introduction  shortly describing the model, it®s strengths and areas of applications, input data 

needed, and information (output) provided  

¶ Description of interventions  simulated and assumptions made  

¶ Description of simulations  (e.g. reference, mitigation or adaptation scenario)  

¶ Results 

¶ Limits and Recommendations 

5.1 WRF Regional Climate Model  

5.1.1 Introduction and Modelling Framework 

Within KNOWING, one representation of the state-of-the-art global climate simulations (Eyring, et al., 

2016) is used as global climate input data to initialize the regional climate model WRF. By applying a 

regional climate model, the local characteristics are accounted for at a higher spatial resolution than 

within global climate models and therefore, the prevailing and expected climate conditions are more 

reliably estimated.  

The regional climate model (RCM) applied is the commonly used Weather Research and Forecasting 

(WRF) model, version 4.3, a state-of-the-art mesoscale numerical weather prediction system designed 

for both atmospheric research and operational forecasting applications.  

As stated above, RCMs are initialised by global climate models (GCMs), meaning that the boundary 

conditions are provided by the GCMs, and only atmospheric processes are explicitly resolved for the 

respective domains. Within RCMs local characteristics such as topography, land use, vegetation type 

etc. are represented with greater spatial detail, emphasising their impact on physical processes. The 

specific model set-up (settings etc.) is described within D3.2.  

For initialization the MPI-ESM1-2-HR (Müller, et al., 2018) GCM was used accounting for two SSP sce-

narios (SSP1-2.6, SSP5-8.5) and covering the period 1980 ² 2100. Thus, it is important to note that the 

simulations conducted represent potential future conditions as represented by MPI-ESM1-2-HR and 

WRF. Additional static input data such as albedo, land use, soil types is provided by University Corpora-

tion for Atmospheric Research. The simulations were done first over the EURO-CORDEX domain, at a 

horizontal spatial resolution of about 15 km, and then over a finer nested domain Estonia at a resolution 

of 5 km, i.e., falling in the grey zone for the cumulus convection representation. This experimental setup 

has been proved to mimic a convection-permitting model behaviour in the finer grey zone (i.e., below 

the explicitly resolved scale), due to the scale awareness of the Grell²Freitas cumulus scheme imple-

mented, and to reliably project temperature and precipitation fields for impact assessment studies ( 

(Struglia, 2025)). 

The most relevant output  parameters are 10 m wind (speed, direction), humidity, 2 m temperature, 

surface pressure, cloud cover, precipitation, minimum/maximum temperature, incoming radiation , that 

were provided to the domain models respectively (e.g. MAED-city, IESopt, PALM).  
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Figure 3: WRF regional model nested domain: European domain (15 km), Tallinn domain (5 km). Colours repre-

sent the orography of the region. 

5.1.2 Results 

Three exemplary results from WRF are displayed below. Figure 4 displays the temporal evolution of the 

maximum 2 m temperature for Tallinn inner city. An increase in occurrence of days with maximum tem-

peratures between 20-25 and 25-30 °C is seen for the time period considered. For the current period, 

about 30 days are simulated for the first category, increasing to more than 45 towards 2050. Days with 

maximum temperature between 25-30 °C display a varying pattern, with an increase towards 2040 (up 

to 14 days) and a decrease toward 2050 (~12 days). Yet, when looking at maximum temperatures above 

30 °C and 35 °C, it becomes apparent that due to climate change they occur more regularly or start 

occurring more regularly around mid-century.  
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Figure 4: temperature evolution SSP5-8.5 for Tallinn; different thresholds are investigated.  

 

The change in cooling degree days (22 °C base temperature) displays a strong increase both in sum 

and magnitude of CDD per year (Figure 55). This represents one example on how the results of WRF 

were analysed to provide information on future conditions needed by IESopt to define the reference year 

(representative cooling demand) and hot year (maximum cooling demand). For this and the following 

analysis, the SSP5-8.5 was used as it represents the current global emissions.  

  

 

Figure 5: Cooling Degree Days (CDD): on the left axis is the sum of CDD magnitude per year (blue circles), on the 

right axis sum of CDD days per year (red rectangular), red crosses correspond to sum of at least 7 consecutive 

CDD per year, thus representing heat waves. 

 

For the energy demand model for instance the evolution of heating degree days displays a crucial input. 

It is displayed, with two different base temperatures: 12 and 15.5 °C, in Figure 6, and shows a clear 

decrease from 1980 to 2050.  
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Even if the CDD display an increase while HDD decrease until 2050, the magnitude of HDD remains 

much higher than CDD, thus highlighting the need to ensure sustainable heating systems before focus-

ing on cooling. 

 

 

Figure 6: heating degree days (HDD) with base temperature 15.5 °C (red) and 12 °C (orange) and its development 

from 1980 to 2050. 

 

5.2 Transport (ABM light & PTV Visum)  

5.2.1 Introduction and Modelling Framework 

This section of the report presents the results of the KNOWING transport modelling framework as ap-

plied to the city of Tallinn. The study forms part of a wider research effort to provide a robust evidence 

base for designing sustainable urban mobility strategies. Its primary goal is to explore how different 

combinations of policies and investments might influence travel behaviour, congestion, emissions, and 

the overall efficiency of Tallinn®s transport system over the coming decades. 

The modelling framework employed in this study is a Python-based system specifically designed for 

multimodal mobility demand calculation. It is rooted in the classical four-step travel demand model but 

expands its scope to capture more detailed aspects of individual mobility patterns. While conventional 

four-step models are well-suited for large-scale planning, they often overlook the temporal and behav-

ioural nuances of daily trip-making. To address this limitation, the framework integrates selected features 

of activity-based microscopic models (ABM) such as MATSim, while maintaining a computationally effi-

cient macroscopic approach. 

This ¯ABM-light° methodology (Figure 7) allows for a more realistic representation of how individuals 

and households organise their daily travel, including trip chaining, variations across socio-economic 

groups, and interactions between different trip purposes. Mode choice and destination choice are mod-

elled simultaneously using a nested logit approach and PTV Visum (PTV-Visum, 2025)  for network rep-

resentation, skimming, and routing, allowing for consistent estimation of traffic volumes, congestion im-

pacts, and associated vehicle emissions. 



 

KNOWING | Deliverable D3.3 | WP3 | Final  8 

 

Figure 7: Conceptual diagram of the ABM light transport demand modelling framework 

 

Setting up the model, the first step involved calibrating a base-year model for 2019, which was chosen 

as a representative pre-pandemic year with reliable travel data, in line with other domain models within 

the KNOWING framework. Calibration mainly relied on datasets from the Tallinn Strategic Transport 

Model (TSTM, 2022) and a household travel survey (TNS Kantar, 2015) provided by the city of Tallinn. 

This ensured that the model provided a faithful representation of the existing situation before exploring 

future developments. To ensure consistent cross-regional comparisons of travel behaviour and policy 

impacts, we relied on the meta-analysis of travel time values presented by (Wardman, Chintakayala, & 

de Jong, 2016). 

The geographic focus of the model is on passenger transport within Tallinn and its wider agglomeration 

within the Harju district (Figure 8).  

 

Figure 8: Transport model area. 

 

Key outputs include estimates of modal split  (by trip and passenger-kilometre), traffic loads , direct 

COϜ emissions , and the impact of individual and combined measures . These outputs form the 
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analytical foundation for assessing which strategies are most effective in achieving Tallinn®s climate and 

mobility goals. 

 

5.2.2 Assumptions and Scenario Input  

Following calibration, scenario packages were prepared for the years 2030, 2040, and 2050. Two pri-

mary scenarios were developed for each horizon: 

¶ Reference (Business -as-Usual) Scenario:  This projected the continuation of current trends, 

including population growth, economic development, and committed infrastructure projects.  

¶ Optimized Scenario:  This included an ambitious combination of measures aimed at reducing 

car dependency, cutting emissions, and improving access to sustainable modes, aligned with 

Tallinn®s Sustainable Urban Mobility Plan (SUMP Tallinn, 2019) and Tallinn®s Development Strat-

egy 2035 (Tallinn City Council, 2025). 

A consistent set of assumptions underpins all scenarios to ensure comparability: 

Population growth was projected using a migration study, provided by the city of Tallinn (Kalm, Kährik, 

Zalite, Noorkõiv, & Tammaru, 2023), incorporating age-specific employment trends to reflect changing 

labour force participation.  

External traffic and freight transport was treated using simplified trend extrapolation, scaled to population 

and economic growth. While freight flows are secondary to the study®s passenger transport focus, they 

are nevertheless included to assess their contribution to congestion and emissions.  

The cost structure of car use (Figure 9) was updated to account for future changes in fleet composition, 

fuel and electricity prices, and taxation, mainly derived from the cost of ownership model from (Kraus, 

Reul, Grube, Linßen, & Stolten, 2021). 

 

Figure 9: Development of total running costs private car by fuel type. 

 

Vehicle data is sourced from national and EU-level statistics (ACEA, 2022), enabling emission modelling 

through the PTV Visum HBEFA module and capturing street-level emission dynamics (PTV-Visum, 2025) 

for passenger cars, light and heavy commercial vehicles (INFRAS, 2023). 

Committed infrastructure investments in roads, public transport, and cycling were included in all sce-

narios. This ensures that the reference scenario already reflects a future network that incorporates all 

currently funded projects, providing a realistic ¯baseline° for policy comparison. 

Finally, policy inputs such as the creation of central parking zones, the introduction of area tolls, and 

other regulatory measures were derived from above mentioned Tallinn®s strategic planning documents. 

This guarantees that the optimized scenario reflects plausible political and institutional developments 

rather than purely hypothetical interventions (Figure 10). 
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Figure 10: Overview of key infrastructure assumptions for the optimized scenarios. 

 

5.2.3 Modelled Measures 

The optimized scenarios integrate a broad range of policy and investment measures, phased in gradually 

between 2019 and 2050. Traffic calming and street reallocation are prominent, including lower speed 

limits, partial road capacity reductions, and the conversion of car lanes into bus or bicycle lanes. These 

measures aim to create a safer, more pedestrian-friendly urban environment while encouraging short 

trips by foot or bicycle. Parking management introduces zone-based pricing, particularly in the city ce n-

tre, while road pricing schemes, including central area tolls, are gradually rolled out to discourage un-

necessary car trips during peak hours. Active mobility is supported through major cycling infrastructure 

investments and the implementation of the 15-minute city principle, which seeks to co-locate jobs, ser-

vices, and amenities to reduce trip distances. Public transport receives substantial upgrades, including 

expanded tram, rail, and bus services, shorter transfer times, and improved first- and last-mile connec-

tivity. This ensures that sustainable modes offer a competitive alternative to the car. The scenarios also 

account for fleet transformation, reflecting the EU®s ban on the sale of new internal combustion engine 

vehicles from 2035 (European Union, 2019). The model assumes a progressive transition toward electric 

and zero-emission vehicles, combined with carpooling incentives to make better use of road capacity. 

Table 1 provides a summary of the main measures and model indicators. All measures combined define 

the optimized scenarios for 2030/40/50.  
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Table 1:  Summary of measures included in the optimized scenarios, with implementation time-

lines and assumed intensity levels  in relation  to the base  year 2019 . 

Measure Model Indicator 2030 2040 2050 

Traffic Calming 
Overall road capacity Reduc-

tion  

-5% -15% -25% 

 
Walk Bonus* +2.5% +5% +7.5% 

 
Cycling Bonus* +1.25% +2.5% +3.75% 

Parking Management Base Parking Cost (EUR/h) 

+10% (vs. 

1.66²6 

EUR/h for 

base year) 

+20% +30% 

UVAR (Area Toll) 
Central Parking Zones (EUR/en-

try) 

10 15 20 

Road Pricing EUR/km (within city) 0.10 0.30 0.50 

Cycling Optimization 

Overall Resistance Reduction 

(core network / citywide im-

provements) * 

cycling plan 

66% 

achieved:  

-25% / -5% 

cycling plan 

100% 

achieved: 

-75% / -15% 

 further im-

provements: 

-90% / -25% 

Public Transport Optimization 
Overall Travel Time Reduction 

via Infrastructure Improvements  

Rail + Tram 

+ Bus 66% 

achieved: 

-5% 

Rail + Tram 

+ Bus 100% 

achieved: 

-15% 

further im-

provements: 

-25% 

15-Minute City 

Activity Location Density In-

crease along Population Corri-

dors (Shopping, Leisure, Per-

sonal Business, Work) 

5% 10% 15% 

 
Walk Bonus (Ò15min trips)* +5% +10% +15% 

 
Cycling Bonus (Ò15min trips)* +2.5% +5% +7.5% 

Car Occupancy Bonus 
Car Passenger Utility (overall 

travel cost Reduction) 

-5% -15% -25% 

Fleet Transformation Zero Emission Vehicle Share  18% 45% 80% 

     

* perceived travel time bonus1    
 

 
The perceived travel time bonus refers to situations where travelers perceive a certain travel mode or segment as 

taking less time than it actually does. This often happens because the comfort, convenience, or productivity of a 

mode makes time feel shorter. E.g, walking through pleasant environments may feel shorter than walking through 

unpleasant ones. In modelling terms, this is represented as a ¯bonus° (a negative adjustment) to the perceived 

travel time, reducing the generalized cost of that mode in the mode and route choice procedures.  
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5.2.4 Results 

The modelling results highlight clear advantages of implementing a comprehensive package of 

measures. In both the optimized and reference pathways, the total number of trips increases over time, 

driven primarily by population growth. However, modal split analysis reveals a marked decline in car use 

³ both in trip counts (Figure 11) and passenger-kilometres (Figure 12) ³ under optimized conditions 

through 2050, accompanied by significant increases in public transport and cycling shares. In contrast, 

the reference scenarios show little change in modal split, underscoring the need for substantial inter-

ventions to drive a meaningful shift away from car dependency.  

 

Figure 11: Daily trips by mode under reference vs. optimized scenario (2019²2050). 

 

Figure 12: Daily passenger-kilometres by mode under reference vs. optimized scenarios (2019²2050). 

 

Direct COϜ emissions show a steep decline, driven mainly by the transition to zero-emission vehicles, 

with additional reductions resulting from car -pricing measures, enhanced public transport, and stricter 

parking policies (Figure 13). 
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Figure 13: Annual direct COϜ emissions in Tallinn under reference and optimized scenarios (2019²2050). 

 

When all measures are implemented, traffic loads in 2050 are significantly reduced, helping to create a 

traffic-calmed inner-city area in Tallinn (Figure 14). 

 

Figure 14: Daily motorized traffic loads (passenger + freight) under reference vs. optimized scenario for the cen-

tral area of Tallinn (2050). 

 

An analysis of daily car trips starting and ending within the city areas (based on the traffic zones of the 

model) shows similar reductions in car usage within the optimized scenario compared to the reference 

situation in 2050.  
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Figure 15: Daily origin & destination car traffic within city areas under reference vs. optimized scenario (2050). 

 

A detailed breakdown of modal split by trip purpose shows that by 2050, implementing all measures 

leads to a major shift in Tallinn®s modal split (Tallinn residents). In total car individual care use drops from 

around 37 % of trips in the reference scenario to about 15 %, while public transport rises to around 45 

% and walking also gains share. Cycling sees modest growth across most trip purposes, and car pas-

senger trips decline. This indicates a substantial transition toward more sustainable modes, particularly 

for work, shopping, and leisure trips. 
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Figure 16: Modal split by trip purpose for Tallinn residents under reference vs optimized scenario (2050). 

 

Figure 17 shows the impact of individual measures on car usage and COϜ reduction based on the 2040 

scenario, which represents a medium intensity of the measures. This scenario was chosen to illustrate 
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individual impacts because it provides a representative ¯average case,° making it easier to compare the 

relative effectiveness of each measure without the results being skewed by very low or very high inten-

sities of intervention. Fleet transformation, which includes vehicle electrification and cleaner technolo-

gies, shows the largest individual impact on emissions (-52.9%), demonstrating that reducing emissions 

per vehicle is highly effective even without lowering car trips. It is important to note that this  assumes 

optimal conditions, where clean energy is available to power the fleet; if energy production is not climate-

neutral, the potential COϜ reduction could be significantly offset. Pricing measures, such as area tolls (-

29.1%) and road pricing (-10.9%), also significantly reduce emissions by discouraging car use, while 

modelled planning measures³like cycling optimization, public transport imp rovements and 15-minute 

city strategies³have comparatively modest effects individually. Notably, further research is needed to 

better model and understand the potential of 15-minute city concepts, as current estimates may un-

derrepresent their impact. When all measures are implemented together, the combined approach yields 

the greatest benefits, cutting car use by 37.3 % and COϜ emissions by 72.4 %, illustrating strong syner-

gies. It is important to recognize that the combined impact of multiple measures is not simply the sum of 

their individual effects. The outcomes of implementing policies together differ from the sum  of their sep-

arate impacts due to interactions and synergies between measures. 

 

Figure 17: Impact of individual measures on car usage and COϜ reduction under reference vs optimized scenario 

for 2040. 

 

5.2.5 Conclusions, Limitations and Recommendations 

The results provide several important insights for policymakers. Interventions that directly address the 

cost and convenience of driving, such as road pricing, area tolls, and parking management, have the 

largest impact on car usage. Improvements for public transport and active mobility alone are not suffi-

cient to achieve the targeted reductions in car trips, but they become highly effective when combined 

with car-pricing measures. The analysis also highlights the synergy effects between interventions. The 

optimized scenarios (all measures combined) achieve far greater reductions in car use and emissions 

than any single measure could deliver in isolation, underscoring the importance of integrated, package-

based strategies that combine infrastructure development, regulatory instruments, and behavioural in-

centives. 

While fleet electrification plays a major role in reducing direct COϜ emissions, it also carries the risk of a 

rebound effect. Lower operating costs for electric vehicles may lead to increased driving unless coun-

terbalanced by pricing policies. This finding suggests that technological solutions must be comple-

mented by demand-side ones if Tallinn is to achieve both climate- and congestion-related objectives. 

Critically, it should be noted that results shown for fleet transformation assume optimal conditions, with 
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clean energy available to power the fleet. If energy production is not climate-neutral, the potential COϜ 

reductions would be substantially diminished. 

Tallinn®s path toward a climate-neutral transport system will require a balanced, multi-faceted strategy. 

Compact land use planning, transit-oriented development, and a consistent program of road or area 

pricing and parking regulation will be critical to m anaging car demand. At the same time, sustained 

investment in public transport and active mobility infrastructure is necessary to ensure that residents 

have attractive alternatives. In this context, further research is needed to more accurately model and 

assess the potential of 15-minute city concepts, as current estimates within the modelling framework 

may underestimate their true impact. Forecast uncertainty adds another layer of limitation. Projections 

depend heavily on assumptions about population growth, economic development, technology adoption, 

and policy implementation, all of which are inherently uncertain. Small deviations in these assumptions 

can lead to significant differences in projected traffic volumes, modal shares, and emissions outcomes. 

Additionally, behavioural responses to new measures, such as fleet electrification or road pricing, are 

difficult to predict precisely and may vary over time. These uncertainties mean that traffic model outputs 

should be interpreted as indicative rather than definitive, and scenario analysis or sensitivity testing is 

essential for robust planning and policymaking. 

Overall, the findings presented provide a robust foundation for further development and refinement of 

Tallinn®s mobility strategy, indicating that coordinated implementation of integrated measures can sub-

stantially reduce car use, enhance urban quality of life, and support the achievement of the city®s climate 

targets by mid-century. 

 

5.3 MAED- City  

5.3.1 Introduction and Modelling Framework 

This section of the report presents the results of the KNOWING energy demand modelling framework 

as applied to the city of Tallinn. This study focusses on formulating a long-term decarbonisation strategy 

for the city of Tallinn towards climate-neutrality until 2050. An integrated sectoral approach supported 

by a participatory process with the local stakeholders of Tallinn was used to capture the current state of 

Tallinn®s energy consumption by sector and fuel and to construct consistent, future energy demand 

development scenarios until 2050 (Figure 18). 

 

Figure 18: Holistic approach of the energy demand modelling framework for the formulation of a sustainable clean 

energy strategy for Tallinn. 
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The integrated energy demand analysis and strategy formulation were conducted using the MAED-City 

model developed by AIT. The approach of the MAED-City model is shown in Figure 19. The end-use 

approach of MAED City disaggregates the city's energy demand into the energy consumption sectors, 

including buildings (households and services), agriculture, construction, manufacturing, and transporta-

tion (freight and passenger transportation). Moreover, Figure 19 illustrates the linkages and data de-

pendencies between the energy demand model in the different sectors and other modelling frameworks 

used in the course of KNOWING. 

 
 

Figure 19: MAED-City approach for modelling the energy demand of the city of Tallinn by sectors, end-use cate-

gories and energy carrier (Hainoun & Loibl, 2022). 

 

Figure 1919 shows very well, that the building sectors (household and service) in the energy demand 

model has, in the case of the heating degree days (HDD) and cooling degree days (CDD), a linkage to 

the climate model PALM-4U/WRF (see 5.1 / 5.5 5.5), and in case of the data for the mobility sector 

(freight & passenger transportation) to the transport modelling tools ABM light & PTV Visum (see 5.25.2).  

 

Furthermore, the energy demand results of MAED- City were transferred to the IES- Opt model to con-

struct and optimize the energy supply system for the climate neutrality pathway for Tallinn (see 5.4.8 

5.4). 

The energy demand analysis begins with the reconstruction of a base year, which in this case study of 

Tallinn is defined as 2019, to reflect the current energy consumption status. Based on the city's energy 

balance for 2019 - in the form of annual final energy consumption disaggregated by sector and fuel - 

and the demographic, socioeconomic, and technological parameters, the base year is reconstructed. 

The input data of the energy demand model MAED-City is shown in Figure 20. 
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Figure 20: Groups of input data for the energy demand model MAED-City. 

 

5.3.2 Assumptions and Scenario Inputs 

5.3.2.1 Methodology of the validation of the existing energy balance and reconstruction of 
the base year  

In the process of the energy demand modelling of the city of Tallinn in MAED City, three levels of data 

sets (local, regional and national level) were considered, mainly on the local (city of Tallinn) and national 

level (Estonia). Those data sets can be clustered in socioeconomic data (e.g. number of population, total 

labour force, total GDP, GDP by sectors and subsectors, etc.) and technological data (e.g. heating sys-

tems in the household and service sector, energy efficiency standards of the buildings, penetration rate 

of the thermal energy systems in the manufacturing sector by temperature level, etc.), which are used 

to reconstruct the energy demand of the sectors (Household, service, manufacturing, construction, pas-

senger and freight transportation, etc.) of the city of Tallinn in the base year 2019. For the validation of 

the reconstruction of the base year in MAED City, the energy balance of the city of Tallinn was used. 

Due to the inconsistent and incomplete data in the energy balances for the years 2019 

(Strateegiakeskus, 2021) and 2021 (Eesti Keskkonnauuringute Keskus OÜ, 2024) the national energy 

balance (EUROSTAT, 2025) was also used and converted to the city of Tallinn using different methods. 

The methodologies applied per sector can be found in Table 2. 

 

Table 2: Methodology  and source of data for the construction of the energy balance by sector  

Sector  Method and Source of Data  Comment  

Agriculture ὉὲὩὶὫώ ὦὥὰὥὲὧὩ The final energy demand by fuel was taken 

from the local energy balance of Tallinn of 

2019 (Annex 4 in (Eesti 

Keskkonnauuringute Keskus OÜ, 2024)) 

Construction ὉὲὩὶὫώ ὦὥὰὥὲὧὩ 

Ὃὠὃ   

Ὃὠὃ  

ὉὲὩὶὫώ 

The final energy demand by fuel except the 

motor fuel (stationary engines) and electric-

ity consumption, was taken from the local 

energy balance of Tallinn of 2019 (Annex 4 

in (Eesti Keskkonnauuringute Keskus OÜ, 

2024). The motor fuel consumption of the 

stationary engines and the electricity con-

sumption were calculated proportionally 

based on the GVA at national level (Estonia) 

to the GVA at local level (Tallinn) 

(Strateegiakeskus, 2021) 
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Sector  Method and Source of Data  Comment  

Manufacturing 

Service 

ὉὲὩὶὫώ ὦὥὰὥὲὧὩ 

Ὃὠὃ   

Ὃὠὃ  

ὉὲὩὶὫώ 

The final energy demand by fuel except the 

motor fuel (stationary engines), was taken 

from the local energy balance of Tallinn of 

2019 (Annex 4 in (Eesti 

Keskkonnauuringute Keskus OÜ, 2024)). 

The motor fuel consumption of the station-

ary engines was calculated proportionally 

based on the GVA at national level (Estonia) 

to the GVA at local level (Tallinn) 

(Strateegiakeskus, 2021) 

Household ὉὲὩὶὫώ ὦὥὰὥὲὧὩ 

ὉὲὩὶὫώ Ὠὥὸὥ έὪ ὦόὭὰὨὭὲὫί 

 

The baseline data was taken from the local 

energy balance of Tallinn of 2019 (Annex 4 

in (Eesti Keskkonnauuringute Keskus OÜ, 

2024)) and was validated by the energy data 

of the building stock of Tallinn (Maa- ja 

Ruumiamet, n.d.) 

Transport Road- based traffic model (see 
chapter 5.1) 

Airplane- passenger intercity trans-
portation (national data of Estonia) 

Freight transportation over trains 
(modal split based on national Esto-
nian data) 

Passenger intercity transportation 
over ferries  

Energy demand of the road-based passen-

ger and freight transport were calculated by 

the data from the transport modelling frame-

work (ABM light & PTV Visum) (see chapter 

5.1). The airplane- passenger intercity trans-
portation was calculated by the national en-
ergy balance with the assumption that 90% of 
the flight energy demand is allocated to the 
Tallinnќs flight energy demand. The freight 
transportation over barges and trains were 
assumed by the national freight transporta-
tion statistics of the EU for Estonia 
(EUROSTAT, 2025). The passenger-kilome-
tres of the ferries in the passenger intercity 
transportation were calculated by the num-
ber of passengers per day (transport model 
ABM light & PTV Visum) and the average 

ferry distance (one way) from Tallinn to Hel-

sinki was assumed with 80 km (FerryGoGo, 

2025). Based on the passenger km and an 

average energy intensity of diesel ferries 

(Maritime Activity Reports, 2018), the en-

ergy consumption of the diesel ferries for 

Tallinn were calculated. 

 

Additionally, for the reconstruction of the base year (2019) in the city of Tallinn the following main refer-

ences were used: 

¶ Climate-neutral Tallinn: Tallinn Sustainable Energy and Climate Action Plan 2030 (Tallinn 

Strategic Management Office) 

¶ Statistical yearbook of Tallinn 2021 (Strateegiakeskus, 2021) 

¶ Statistics Estonia (Statistics Estonia, 2025) 

¶ Building register of Estonia (Maa- ja Ruumiamet, n.d.) 

¶ Tallinna linna ja linnastu 2019. aasta kasvuhoonegaaside heitkoguste inventuur (Stratee-

giakeskus, 2021) 



 

KNOWING | Deliverable D3.3 | WP3 | Final  21 

¶ Tallinna linna kasvuhoonegaaside inventuur 2021. a kohta (Eesti Keskkonnauuringute Keskus 

OÜ, 2024) 

5.3.2.2 Results of reconstruction of the base year and of the energy balance of the city of 
Tallinn 

The energy balance and the reconstruction of the base year of the city of Tallinn refer to the main con-

suming sectors: agriculture, construction, manufacturing, household, service and (passenger and 

freight) transportation. 

In 2019, the total final energy consumption in the city of Tallinn reached approximately 7,936 GWh, 

distributed to 36.5 % for households, 25.6 % for the service sector, 18.4 % for mobility (freight 1.8 % and 

passenger transportation 16.6 %), 16.2 % for the manufacturing industry, 2.7 % for the construction 

sector, and 0.7 % for agriculture and forestry (Figure 21). The total final energy demand breakdown by 

fuel highlights the dominance of electricity in Tallinn, which account for 32.9  %, mainly consumed by 

the manufacturing and the service sector. District heating makes up 20.9%, consumed by the service 

and the household sector. The motor fuels account for 21.0 % of the total final energy demand, which is 

mainly consumed in the transport sector and is dominated by fossil motor fuels (e.g. Diesel, gasoline, 

Jet fuel, etc.). The fossil fuels for thermal use and biofuel consumption account for 12.7 % and 12.3 % 

of the total final energy demand. The smallest amount of the total energy demand of the city of Tallinn 

(0.3 %) covers firewood, which is illustrated in Figure 21. 

 

  

Figure 21 Final energy demand by fuel (left figure) and by sectors (right figure) in the city of Tallinn in 2019. 

 

The resulting direct CO2-emissions of the city of Tallinn reached in the base year 2019 around 901 kt 

CO2, caused by fossil motor fuel, followed by district heating, gas (natural gas and LPG), heating oil, 

waste and other fossil energy carrier and coal, as depicted in Figure 22. Electricity is due the high energy 

production outside of the boundaries of Tallinn, not included in this CO2 calculation.  
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Figure 22: Total CO2- emissions by fuel of the city of Tallinn in the base year 2019. 

 

As in Figure 22shown, the significant share of emissions from fossil motor fuels in the base year 2019 

highlights the critical importance of implementing effective mitigation strategies in the transport sector. 

Also, the high dependency to heating oil, coal and gas (natural gas and LPG) for covering the thermal 

energy demand, illustrates, that a decarbonization strategy especially in the building (household and 

service) and manufacturing sectors is necessary to reach the climate neutrality goals of the city of Tal-

linn. 

 

To summarize the results of Figure 21in one table, an overall validated energy balance of the city of 

Tallinn is constructed and is shown in Table 3. 
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Table 3: Energy balance of the city of Tallinn . 

GWh Fossil fuel (for thermal use) and fossil motor fuel   
Renewable 

energies  
  

Sectors  

Natu-

ral gas 

& LPG 

Heating 

oil  
Coal 

Fossil waste 

and other 

fossil en-

ergy carri-

ers 

Diesel  
Gaso-

line  
CNG 

Jet 

fuel  

District 

heating  

Electric-

ity  (incl. 

heat 

pumps)  

Fire-

woo

d 

Bio-

fuel  
Total 

Share 

in the 

final 

energy 

de-

mand 

Agriculture and forestry  2.0 1.0 0.3 0.0 44.0 1.0 0.0 0.0 0.0 6.0 2.0 0.0. 56.3 0.7% 

Construction  62.0 16.0 0.0 0.0 113.1 0.0 0.0 0.0 0.0 21.9 0.0 0.0 212.9 2.7% 

Manufacturing (MAN)  182.0 1.0 0.0 11.0 26.4 0.0 0.0 0.0 0.0 849.1 2.0 211.0 
1,282.

5 
16.2% 

Transport sector (freight 

and passenger transpor-

tation)  

0.0 0.0 0.0 0.0 663.0 742.7 4.2 13.5 0.0 39.9 0.0 0.0 
1,463.

3 
18.4% 

Household  307.0 10.0 5.0 0.0 0.0 0.0 0.0 0.0 1,179.0 636.0 18.8 737.2 
2,893.

0 
36.5% 

Service  407.0 3.0 0.0 0.0 57.5 0.0 0.0 0.0 479.0 1,055.0 0.0 26.0 
2,027.

5 
25.5% 

Total 960.0 31.0 5.3 11.0 904.0 743.7 4.2 13.5 1,658.0 2,607.9 22.8 974.2 
7,935.

5 
- 

Share in the final energy 

demand 
12.1% 0.4% 0.1% 0.1% 11.4% 9.4% 0.1% 0.2% 20.9% 32.9% 0.3% 12.3% - 

100.0

% 
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5.3.3 Results of the BAU and CET scenarios and key measures/interventions 

5.3.3.1 Methodology of the construction of the scenarios: BAU and CETS  

Based on the reconstructed base year, the future development scenarios are designed following the 

expected long-term development of demographic, socio-economic and technological drivers  of the city 

of Tallinn up to 2050. The expected future trends for these drivers are exogenously introduced based 

on official references (e.g. city future development strategy and plans, local and national energy and 

climate goals) and expert judgements. Each scenario starts with a storyline describing the future vision 

of the perceived development path. The key aspect in the scenario development is to ensure internal 

consistency among the different assumptions of the key drivers, considering that the resulting future 

energy demand is just a reflection of these assumptions. 

Over the course of the KNOWING project, the following two scenarios over the period 2019-2050 were 

constructed for city of Tallinn: 

¶ BAU (Business -as-Usual) Scenario:  The BAU scenario follows historical trends and enacted 

policy measures characterised by low moderate socio-economic and technological changes and 

limited decarbonisation measures concerning energy savings and efficiency improvements, 

electrification, digitalization, and the transition to clean fuels across all consumption sectors 

(Household, service, transport, etc.). BAU scenario serves as a benchmark to assess the effec-

tiveness of the CET scenario explained below, which aims to demonstrate a decarbonization 

pathway towards climate-neutrality of the city of Tallinn by 2050. 

¶ CETS (Clean Energy Transition Scenario):  The CETS aligns with Tallinn®s and Estonia®s en-

ergy and climate goals and is being developed based on the results of BAU employing significant 

enhancements in energy efficiency, electrification of end-uses and a shift to clean fuels across 

all sectors beside increasing the share of local RES to decarbonize power and heat supply. As 

a result, significant shifts will occur in city®s final energy demand and supply structure, the tech-

nological landscape of energy product ion and consumption, and the changes in related socio-

economic and technological determinants. 

The CETS of the city of Tallinn was build up on the local (city of Tallinn) and national strategies of Estonia 

and on other models, which are used in course of the KNOWING project. The most important strategies, 

given in Table 4, and the used models to construct the decarbonization pathway of each sector in the 

CETS are the following: 

¶ ABM (activity-based Model) light and PTV Visum for the freight and intercity and intracity pas-

senger transport sector (see 5.2) 

¶ Trend of the HDD (Heating degree days) and CDD (Cooling degree days) based on the 

WRF/PALM-4U model (see 5.1 / 5.5) 

¶ Energy policies (energy efficiency and energy carrier penetration rate until 2050, etc.) in the 

industry (agriculture, construction and manufacturing) , household and service sector based on 

the national IEA report (Energy policy review) of Estonia (IEA, 2023) and Estonian Energy Policy 

Development Plan (Kliimaministeerium, 2024), National Energy and Climate Plan of Estonia 

(Ministry of Climate Estonia, 2024) 

¶ Climate and energy targets until 2030 from the ¯Climate-neutral Tallinn Tallinn Sustainable En-

ergy and Climate Action Plan 2030° of the city of Tallinn (Ministry of Climate Estonia, 2024) 

¶ GDP forecast based on national prognosis of Estonia (OECD, 2025) 

¶ Projection of the number of population and of the active labour force until 2050   (Kalm, Kährik, 

Zalite, Noorkõiv, & Tammaru, 2023)
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Table 4: National and Tallinn Emission Reduction and Energy Transition Goals  until 2050 . 

National Targets : 

¶ GHG emissions:  Cut total emissions from 17.9 MtCOϜeq (2018) to 8 MtCOϜeq 

by 2035, achieving an 80% reduction by 2050 (70% by 2030) compared to 1990 

levels. 

¶ Projection:  Emissions are expected to fall from 40.4 MtCOϜeq (1990) to 10.7²

12.5 MtCOϜeq by 2030, mainly through energy sector reductions. 

¶ Effort Sharing sectors:  Lower emissions by 13% by 2030 from 2005 levels³

from 6.3 MtCOϜeq to 5.5 MtCOϜeq. 

¶ Renewable energy:  Reach at least 42% renewables in final energy use by 2030, 

about 16 TWh total (50% of consumption), including 4.3 TWh electricity, 11 TWh 

heat, and 0.7 TWh transport (up from 1.8, 9.5, and 0.3 TWh in 2018, respectively). 

¶ Energy consumption:  Keep final energy use stable at 32²33 TWh per year until 

2030. 

City  Targets : 

¶ GHG emissions : Cut COϜ emissions by at least 40% by 2030 (vs. 2007 baseline), 

keeping total emissions below 2.36 MtCOϜeq, and achieve climate neutrality by 

2050, aligned with an ~80% GHG reduction compared to 1990 levels. 

¶ Energy efficiency:  Improve energy efficiency by ~29% and reduce final and 

fossil energy consumption by 87% relative to the BAU scenario. 

¶ Hydrogen transition:  Transform into a hydrogen-powered city by 2050. 

¶ District heating:  Ensure at least 90% of heat is generated from biomass and 

non-recyclable waste, using natural (preferably green) gas only for peak demand 

by 2030. 

Sectors  Energy Efficiency  Fuel Switch  Socio -Economic  Other Measures  Explanation  

Buildings ¶ Construction of only 

Class A energy-effi-

cient buildings. 

¶ Increasing the energy 

efficiency of existing 

apartment buildings. 

   
Tallinn®s combined heat and 

power plants cover a large part 

of the building ­s electricity and 

heat needs with renewable en-

ergy. 

Transport  
 

¶ By 2035, fossil free 

public transport . 

¶ The next generation 

of public transport is 

electric vehicles (hy-

drogen and green 

electricity). 

 

¶ By 2025, at least 50% 

of the residents of the 

Tallinn region will be 

making their daily 

journeys by public 

transport, foot, or bi-

cycle, and by 2035 it 

will be 70%.  

 

¶ An increase of ca 216 

GWh in the demand 

for renewable fuels 

and electricity in the 

transport sector by 

2030 compared with 

the SC scenario a re-

duction of 495 kt of 

CO2 equivalent or 

72%. 

Under the BAU scenario, the 

transport sector®s energy con-

sumption is projected to in-

crease by 43% by 2030 com-

pared to 2007, with fossil liquid 

fuels accounting for 86% of this 

consumption. GHG emissions 

from transport are expected to 

rise by nearly 25% over the 

same period, representing 

about 28% of Tallinn®s total 

GHG emissions, estimated at 
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¶ Transport-related 

GHG emissions in 

Tallinn will be re-

duced by at least 40% 

compared to 2007, 

i.e. to 550 kt CO2 

emissions per year by 

2025 and 390 kt by 

2030. 

3,029 ktCOϜ equivalent in 2030 

if current trends continue.  

Total (all 

sectors) 

 
By 2030,  

¶ Energy mix: 2% alter-

native fuels (biofuels 

and hydrogen), 7% 

heating oil, 7% bio-

fuel/gas for transport, 

15% fossil transport 

fuels, 22% natural 

gas, 16% wind power, 

3% photovoltaics 

(PV), and 28% bio-

mass.  

¶ Renewable energy 

share: 65% in final en-

ergy consumption, 

Electricity 100 %, 

Heating 63 % 

¶ Final energy con-

sumption: 29.4 TWh, 

including 10.3 TWh of 

electricity. 

By 2035:  

¶ Energy mix: 3% alter-

native fuels (biofuels 

and hydrogen), 5% 

heating oil, 7% bio-

fuel/gas for transport, 

 
By 2030 and 2035, 

¶ Local heating: grows 

slightly from 4,490 to 

4,449 GWh. 

¶ Heat produced: in-

creases from 4,646 

GWh to 4,515 GWh. 

¶ Heat pumps: expand 

from 2,025 to 2,411 

GWh, to keep up the 

strong electrification. 

¶ Total renewable en-

ergy rises from 

11,161 GWh to 

11,311 GWh. 

¶ Fossil fuels: decline 

from 4,813 GWh to 

4,449 GWh. 

¶ Total fuels used: stay 

nearly constant 

(15,974 GWh and 

14,506 GWh). 
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11% fossil transport 

fuels, 20% natural gas 

(including one-third 

biogas), 25% wind 

power, 3% PV, and 

26% biomass.  

¶ Renewable energy 

share: 82% in final en-

ergy consumption, 

Electricity 100 %, 

Heating 78 %, 33% 

share of renewable 

gas in gas consump-

tion. 

¶ Electricity consump-

tion: increases from 

10.3 TWh (2030) to 

15.4 TWh, mainly in 

the industrial sector. 

By 2040:  

¶ Energy mix: 6% alter-

native fuels (biofuels 

and hydrogen), 3% 

fossil transport fuels, 

27% COϜ-neutral 

fuels, 38% wind 

power, 4% PV, and 

22% biomass. 

¶ Renewable energy 

share: Electricity 100 

%, Heating 100 % 

¶ Electricity consump-

tion: increases from 

15.4 TWh (2035) to 

22 TWh. 



 

KNOWING | Deliverable D3.3 | WP3 | Final  28 

5.3.3.2 Results of the BAU Scenario 

As in chapter 5.3.3.1 mentioned, this section follows the BAU (Business-as-usual) scenario with the his-

torical trends and enacted policy measures characterized by low moderate socio-economic and tech-

nological changes and limited decarbonization measures concerning energy savings and efficiency im-

provements, electrification, digitalization, and the transition to clean fuels across all consumption sectors.  

Figure 23 presents the resulting development in the BAU scenario of the final energy demand by fuel 

and sector for the city of Tallinn. The total energy demand will grow by an average annual rate of 0.69 

% from 7,936 GWh in 2019 to 9,770 GWh in 2050. The consumption of electricity recorded the largest 

annual increase with 1.37 % p.a. followed by fossil motor fuel with 0.57 % p.a. The final energy demand 

will be mainly dominated by electricity, whose share in final energy consumption will increase from 32.9 

% (2019) to 40.7 % by 2050, followed by motor fuels that will decrease from 21.0 % (2019) to 20.3 % by 

2050, district heating that will decrease from 20.9 % (2019) to 16.8 % by 2050, and fossil fuels (for 

thermal use) that will decrease from 12.7 % (2019) to 11.1 % by 2050. 

 

 
 

 

Figure 23: Final energy demand projection of the city of Tallinn by fuel type (left figure) and by sector (right figure) 

for the BAU. 

 

The results (Figure 23) show the trend development of limited penetration of energy efficiency measures 

and clean fuel usage. This effect is especially pronounced in the household and the service sector show-

ing limited switch from fossil fuel to renewable energy sources or showing less energy efficiency 

measures as set in the CET scenario. The result is that the final energy demand of the household sector 

increases from 2,893 GWh/a (2019) to 3,044 GWh/a (2050) and of the service sector increases from 

2,028 GWh/a (2019) to 2,723 GWh/a (2050), which are the dominating sectors of the total energy de-

mand of the city of Tallinn by 2050. The household sector has in 2050 a share of 31 %, followed by the 

service sector with 28 %, the manufacturing sector with 20 % and the passenger transportation sector 

with 15 %. of the total final energy demand as illustrated in Figure 23. The corresponding final annual 

energy demand per capita shows an increase from 18.2 to 18.7 MWh/cap. 

Following the projected final energy demand by sector of BAU, the development of energy-related COϜ 

emissions within the city boundaries of Tallinn has been calculated as shown in Figure 24. The results 

depict the dominance of motor fuel accounting for 49.1 % in 2019 and increased to 53.0 % in 2050. This 

trend is driven by fossil motor fuel consumption in the transportation sector, as well as in agriculture and 

construction. This illustrates, that to reach climate neutrality by 2050, the city of Tallinn should implement 

effective decarbonistaion measures in the transportation sector. Strategies can include transitioning 

from fossil-fueled vehicles to electric vehicle, promoting a shift from individual to public t ransportation, 

and encouraging active modes of transport such as biking and walking within the city. Furthermore, a 
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big impact on the COϜ emissions of the city of Tallinn has the district heating system of Tallinn, where a 

decarbonization strategy of the energy supply of the district heating system is necessary.   

 

 

Figure 24: Projection of the CO2- emissions for the city of Tallinn until 2050 (BAU scenario). 

 

In the BAU- scenario, the total COϜ - emissions in the city of Tallinn increase by 0.35 % p.a. from 901 kt 

COϜ in the base year 2019 to 994 kt COϜ by 2050.The COϜ emissions per capita of the city of Tallinn will 

decrease due the expected high increase of the number population (Kalm et al., 2023), from 2.06 t in 

2019 to 2.03 t COϜ per capita in 2050. 

 

5.3.3.3 Results of the CET Scenario 

As in chapter 5.3.3.1 mentioned, this section follows the CET (Clean Energy Transition) scenario with a 

transformation pathway towards efficient, sustainable and climate- neutral energy systems. Aligned to 

the considered local (city of Tallinn) and national (Estonia) future vision, CETS seeks to contribute to 

achieve inclusive, safe, resilient and sustainable urban development by promoting the efficient use of 

energy resources and reducing related CO 2 emissions while achieving a long-term clean energy transi-

tion strategy. 

Figure 25 demonstrates the future final energy demand projection of the CET (Clean- Energy- Transition) 

scenario by fuel and consumption sector of the city of Tallinn, that shows a decrease from 7,936 GWh 

in 2019 to 7,031 GWh in 2050 corresponding to an annual decrease rate of about - 0.39 %. This evolution 

which highlights the effectiveness of the employed energy efficiency measures. Following the results of 

the transport modelling framework (see 5.1), a rest number of fossil-fuel-driven cars will remain until 

2050 in the city of the Tallinn. This is shown especially in the projection of the final energy demand by 

fuel for Tallinn (Figure 25), where in 2050 a small amount of fossil motor fuel, especially in the freight 

and passenger transport sector, is illustrated. The total share of fossil motor fuel (mainly diesel and 

gasoline) will decrease due to electrification and the use of Hydrogen (H2), from 97 % (2019) to 30 % of 

the energy demand of the transport sector  until 2050. On the other hand, the share of electricity  will 

increase from 3 % (2019) to 69 % (2050) and hydrogen (H2) from 0 % (2019) to 1 % (2050) of the energy 

demand of the transport sector.  

The future development trend in Figure 25 illustrates a significant decrease of fossil fuel share for thermal 

use from 13 % to a phase-out until 2050, resulting among other from the increased use of electricity and 

heat pumps, district heating and biofuel to cover the space heating and water heating demand in the 

building sector in 2050. The impact of the electrification measures is shown in all consumption sectors 

in the city of Tallinn resulting in a significant increase of electricity share from 33 % (2019) to 62 % of 
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the total final energy demand of the city of Tallinn by 2050 (compared to 41 % by 2050 in BAU). Biofuel 

also has an increase from around 12 % (2019) to 14 % (2050) of the total final energy demand, mainly 

used in the household sector (share of 23 % of the household final energy demand in 2050), and in the 

manufacturing sector (share of 24 % of the manufacturing final energy demand in 2050).The share of 

the district heating system on the total final energy demand will be stable by 21 % from 2019 to 2050.  

 

The right figure of Figure 25 illustrates, that the household sector (34 % of the final energy demand) will 

have the highest share in the final energy demand of the city of Tallinn in 2050, followed by the service 

(31 %) and the manufacturing sector (22 %). It is also remarkable, that the share of final energy demand 

of the passenger transport sector due the substitution of fossil motor fuel by electricity  and hydrogen 

(H2), will decrease from 17 % to 7 %. 

  

  

Figure 25: Final energy demand projection of the city of Tallinn by fuel type (left figure) and by sector (right figure) 

for the CETS. 

 

Figure 26 shows the results of the CO2-emission per capita for the CET scenario for the city of Tallinn. 

Compared to the projection of the BAU- scenario (Figure 24), the sustainable development trajectory of 

the CET scenario with significant energy efficiency improvement, increased electrification and increased 

contribution of clean fuel (biofuel, district heating, hydrogen, etc.) in all consumption sectors will result 

in significant mitigation of annual CO2 emission from 2.06 tCO2/cap in 2019 to 0.09 tCO2/cap in 2050. 

The remaining CO2 emissions are due to the transportation sector, as a complete decarbonization of this 

sector in the city of Tallinn is not possible until 2050. The CET scenario shows a CO2-reduction with a 

consideration also of electricity, of -72.1 % in 2030 and -98.8 % in 2050, compared to the reference year 

2007, which is also the reference year for the decarbonization target (40 % reduction of greenhouse gas 

(GHG) emissions by 2030 compared with 2007) in the SECAP of Tallinn ( (Tallinn Strategic Management 

Office). For the calculation of the specific CO2-emission value per capita (9.91 t CO2/cap) the Tallinn®s 

total CO2 emission and the number of populations (AZNations, n.d.) of the reference year 2007 were 

chosen. Compared to the decarbonization target of the SECAP of Tallinn of 40 % reduction of green-

house gas (GHG) emissions by 2030 compared with 2007 (Tallinn Strategic Management Office, s.a), 

the CO2 reduction in the CET scenario is in average more than 1.8 times higher as Tallinn®s target value. 

This is due, among other things, to the expected decarbonization of the electricity supply until 2035 

(Ministry of Climate Estonia, 2024) and the district heating supply according to the SECAP of Tallinn 

(Tallinn Strategic Management Office, s.a). Moreover, a phase-out of heating oil systems is planned in 

Estonia planned until 2035 (Ministry of Climate Estonia, 2024). The projection of the CO2 emissions in 

Figure 26 is without the consideration of electricity, because of fact, that most of the power plants are 

outside of Tallinn®s city boundary. 
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Figure 26: Projection of the CO2 - emissions for the city of Tallinn until 2050 (CET scenario). 

 

5.3.3.4 Key measures/interventions of the CET Scenario 

This section presents the key measures/interventions in the different energy consumption sectors 

(household, service, freight and passenger transportation, etc.), which were extracted from the CET 

Scenario of the city of Tallinn. The key measures are illustrated in Figure 27 qualitatively and in Table 5 

with quantitative values. 

 

 

Figure 27: Key measures/interventions by sector in the city of Tallinn until 2050. 

 

Figure 27 shows, that energy efficiency measures, electrification of the end-use-categories and switch 

to renewable energy sources have a high priority for the city of Tallinn in its decarbonization strategy of 

the energy system. For example, in case of the building sector (household and service sector) an in-

crease of the thermal refurbishment rate of the buildings, electrification of the end-use categories and 

the use of heat pumps, biofuel and district heating are key measures in the decarbonisation pathway of 

the energy system of the city of Tallinn. In case of the passenger and freight transportation sector the 

electrification of the transport modes, the higher use of electric trains in the passenger and freight trans-

portation and the expansion of the bicycle and walking pathways in the intracity passenger transportation 

sector have a big impact in the decarbonisation of the sector. In case of the Manufacturing sector, which 

has 16% of the total energy demand of the city of Tallinn in the base year 2019, the key measures are 

the electrification of the end-use categories inclusive the electrification of the stationary engines, the 

substitution of fossil fuels (for thermal energy use) with biofuel and the process and energy system 
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improvement. The other key measures in the remaining sectors of the city of Tallinn are well illustrated 

in Figure 27and in Table 5. 

 

Table 5: Selected key measures/interventions  for the BAU and CET scenarios of the city of Tal-

linn . 

Key Measures/interventions  

Base 

year 

2019 

BAU-Sce-

nario -2050 

CET-Sce-

nario -2050 

Growth rate 

(2019-2050) 

- CETS- 

Number of population (-) 436,772 521,127 521,127 0.57% p.a. 

GDP (Mrd. US$) 17.1 32.0 32.0 2.03% p.a. 

Share of GDP ² Service sector 81.5% 83.1% 83.6% 0.08% p.a. 

Share of GDP ² Construction 

sector 
7.2% 7.2% 7.6% 0.16% p.a. 

Useful energy intensity, manu-

facturing ind. (kWh/US$) 
0.790 0.757 0.703 -0.37% p.a. 

Manufacturing ind.-electricity in 

the thermal energy demand (%) 
68.3% 68.3% 78.0% 0.43% p.a. 

Manufacturing ind.-biofuel in the 

thermal energy demand (%) 
15.0% 15.0% 21.6% 1.18% p.a. 

Manufacturing ind.- fossil fuel in 

the thermal energy demand (%) 
16.5% 16.5% 0.0% -6.79% p.a. 

Manufacturing ind.- electrifica-

tion of the stationary engines (%) 
- 0.5% 100% 6.79% p.a. 

Agriculture-electricity in the ther-

mal energy demand (%) 
33.4% 68.3% 58.9% 1.85% p.a. 

Agriculture-biofuel in the thermal 

energy demand (%) 
0.0% 0.5% 20.0% 6.79% p.a. 

Construction-electricity in the 

thermal energy demand (%) 
9.5% 11.4% 75.0% 6.89% p.a. 

Construction-biofuel in the ther-

mal energy demand (%) 
0.0% 0.0% 25.0% 6.79% p.a. 

Construction- electrification of 

the stationary engines (%) 
- 0.5% 100% 6.79% p.a. 

Household- electricity consump. 

for appliances (kWh/dwelling) 
2,032.7 2,093.7 1,931.0 -0.17% p.a. 

Household- share of ACs of the 

total  
2.26% 3.39% 3.39% 1.32% p.a. 

Household- specific cooling re-

quirement (kWh/dwelling)  
134.7 164.1 129.5 -0.13% p.a. 

Household- specific space heat-

ing requirement (kWh/m²a) 
123.9 93.0 65.8 

-1.91% p.a. (re-

furb. rate) 
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Key Measures/interventions  

Base 

year 

2019 

BAU-Sce-

nario -2050 

CET-Sce-

nario -2050 

Growth rate 

(2019-2050) 

- CETS- 

Household- electricity in the 

space heating demand (%) 
3.1% 3.4% 5.2% 1.73% p.a. 

Household- el. heat pumps in the 

space heating demand (%) 
0.9% 1.1% 3.1% 4.03% p.a. 

Household- district heating in the 

space heating demand (%) 
64.6% 65.9% 67.4% 0.14% p.a. 

Household- energy efficiency of 

biofuel space heating systems 

(%) 

71.0% 73.1% 79.5% 0.37% p.a. 

Household- electricity in the hot 

water demand (%) 
9.2% 9.9% 23.6% 3.08% p.a. 

Household- district heating in the 

hot water demand (%) 
31.6% 32.2% 47.4% 1.32% p.a. 

Useful energy intensity, service 

(kWh/US$) 
0.096 0.071 0.059 -1.56% p.a. 

Service- specific cooling require-

ment (kWh/m²a)  
3.94 5.24 3.97 0.03% p.a. 

Service- specific space heating 

requirement (kWh/m²a) 
205.0 164.0 108.7 

-2.03% p.a. (re-

furb. rate) 

Service- electricity in the space 

heating demand (%) 
24.7% 27.2% 29.3% 1.73% p.a. 

Service- el. heat pumps in the 

space heating demand (%) 
9.1% 10.7% 16.2% 1.87% p.a. 

Service- district heating in the 

space heating demand (%) 
45.4% 46.3% 68.1% 1.32% p.a. 

Service- energy efficiency of bio-

fuel space heating systems (%) 
81.8% 85.9% 91.3% 0.36% p.a. 

Annual distance travelled intrac-

ity passenger transp. (km/per-

son) 

3,424 3,459 2,739 -0.72% p.a. 

Load factor ² cars 1.23 1.25 1.38 0.37% p.a. 

Share of gasoline and diesel 

cars- intracity passenger transp. 

(%) 

57.2% 56.5% 5.2% -7.45% p.a. 

Share of E-cars -intracity passen-

ger transp. (%) 

0.4% 0.4% 24.5% 14.12% p.a. 

Share of E-Busses -intracity pas-

senger transp. (%) 
0.0% 0.0% 42.7% 5.08% p.a. 

Share of public transport -intrac-

ity passenger transp. (%) 
36.2% 31.4% 54.6% 1.33% p.a. 
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Key Measures/interventions  

Base 

year 

2019 

BAU-Sce-

nario -2050 

CET-Sce-

nario -2050 

Growth rate 

(2019-2050) 

- CETS- 

Share of Biking &walking -intrac-

ity passenger transp. (%) 
6.0% 11.6% 15.5% 3.12% p.a. 

Ann. distance travelled intercity 

passenger transp. (km/person) 
7,064 6,517 6,859 -0.09% p.a. 

Car kilometres - intercity passen-

ger transp. (km/cars) 
3,820 3,590 2,536 -1.31% p.a. 

Share of gasoline and diesel 

cars- intercity passenger transp. 

(%) 

42.4% 44.3% 5.6% -6.29% p.a. 

Share of E-cars -intercity passen-

ger transp. (%) 

0.3% 0.3% 26.6% 15.53% p.a. 

Share of E-Busses -intercity pas-

senger transp. (%) 
0.0% 0.0% 39.6% 6.79% p.a. 

Share of public transport -inter-

city passenger transp. (%) 
57.2% 55.3% 67.5% 0.53% p.a. 

Freight kilometres -freight transp. 

(10^9 tkm) 
0.173 0.206 0.393 2.68% p.a. 

Share of el. trains- freight trans-

portation (%) 
4.2% 4.2% 10.7% 3.07% p.a. 

Share of diesel long-distance 

trucks- freight transportation (%) 
68.4% 68.4% 6.7% -7.20% p.a. 

Share of diesel local trucks- 

freight transportation (%) 
17.5% 17.5% 1.9% -6.94% p.a. 

Share of electric long-distance 

trucks- freight transportation (%) 
0.0% 0.0% 55.2% 9.67% p.a. 

 

In Table 5 the most important key measures/interventions per sector of the city of Tallinn are summa-

rized. The annual growth rate from 2019 to 2050 is an indicator, how quickly the various measures should 

be implemented per sector . The larger the annual growth rate, the sooner this measure should be im-

plemented in the city of Tallinn. 

 

5.3.3.5 KPI based monitoring concept of the CET Scenario 

This chapter presents comparatively the resulting key development performance indicators (KPIs) based 

on the future final energy demand development for the city of Tallinn in the CET (Clean Energy Transi-

tion) scenario. With focus on sustainable energy development the employed energy efficiency measures 

will lead to a decrease of the annual final energy demand per capita from around 18.2 to 13.5 MWh for 

the city of Tallinn over the study period 2019-2050. This is mainly the direct consequence of the applied 

building refurbishment measures (2.0 % p.a. in the service sector; 1.9 % p.a. in the household sector) 

resulting in significant decreasing of specific space heating demand of the total building sector from 

around 137.6 (2019) to 76.2 kWh/m2a (2050). Finally, the final energy intensity -as measure of overall 

system efficiency- will decrease from 0.46 (2019) to 0.22 kWh/US$ (2050). At the same time, the accel-

erated electrification process in all sectors will push the electricity demand per capita from 6.0 (2019) to 
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8.4 MWh (2050) in Tallinn. The same trend development is verified by the increased share of electricity 

in the total final energy demand that will nearly duple over the study period and will increase in the city 

of Tallinn from 33 % (2019) to 62 % (2050). The increased electrification rate by all consumption sectors 

is coupled with the expected decarbonization of electricity supply based on renewable energy sources 

-for local generation and the public electric grid - (see 5.3.3.1). Considering this development, beside the 

increase renewables in covering heat demand and motor fuel the projected renewable energy share in 

the final energy demand will reach 97.5 % by 2050 in the city of Tallinn. The remaining fossil fuel is used 

in the transport sector, which is illustrated in 5.3.3.1. The conceived sustainable development pathway 

driven by energy efficiency improvement, electrification and switching to clean fuel s in all consumption 

sectors will result in significant decrease of CO2-emission within the city boundary. Over the study period 

2019-2050, the CO2-emission per capita (without the consideration of the emission of the electricity 

supply, see chapter 5.3.3.1) will decrease in the city of Tallinn from 2.06 t- CO2 to 0.09 t- CO2. 

All those mentioned trends in case of the key development performance indicators (KPIs) of the CETS 

in the city of Tallinn are shown and summarized in Table 6. 

Table 6: Key development performance indicators (KPIs) of the CET scenario in the city of Tal-

linn . 

Indicator unit 2019 2030 2035 2040 2045 2050 

Population million 0.437 0.461 0.475 0.490 0.506 0.521 
FE/cap MWh/cap 18.17 16.55 15.84 15.10 14.33 13.49 
EL/cap MWh/cap 5.97 6.96 7.41 7.82 8.16 8.42 

HH-FE /cap MWh/cap 6.62 5.88 5.54 5.21 4.88 4.55 
HH-EL/cap MWh/cap 1.46 1.52 1.55 1.58 1.60 1.63 
GDP/cap kUS$/cap 35.0 42.0 45.6 49.0 52.1 54.8 

FE intensity kWh/US$ 0.46 0.35 0.31 0.28 0.25 0.22 
SH demand 

(SS +HH) 
kWh/m2 137.6 116.4 106.6 96.5 86.4 76.2 

Share of EL 
in FE 

% 33% 42% 47% 52% 57% 62% 

Share of RE 
in FE 

% 29% 72% 79% 87% 92% 98% 

CO2/cap tCO2/cap 2.06 1.14 0.80 0.49 0.28 0.09 
CO2 inten-
sity of FE 

gCO2/kWh 113.4 68.8 50.7 32.3 19.9 6.6 

(FE: Final energy demand, EL: electricity demand, HH: household, SH: space heating, SS: Ser-

vice sector ; RE: Renewable energy systems; GDP: Gross domestic product ) 

The effect of the sustainable development pathway of the CETS on the normalized KPIs (GDP per capita, 

electricity demand per capita, final energy demand per capita and CO2 emission per capita) is well shown 

in Figure 28. Despite the strong increase of GDP per capita and the expected energy consumption, the 

final energy demand per capita decreases mainly due to energy efficiency measures in all sectors, the 

increasing electrification of end-use categories, and the increased switch to renewable energy sources. 

As a result of these measures, CO2 per capita also decreases, which is a proof of the sustainable pathway 

of the CETS. 

 



 

KNOWING | Deliverable D3.3 | WP3 | Final  36 

 

Figure 28: Normalized KPIs (per capita) in the CETS of the city of Tallinn. 

 

5.3.4 Heat-Wave-Scenario 

In the Heat-Wave-Scenario, CETS-HW, a heat wave year is chosen based on the highest value of the 

cooling degree days (CDD) in the period between 2019 and 2050, in this case the model year 2040. In 

this scenario the heat wave is modelled for the building (household and service) sector , where it has the 

highest impact.  

The following input parameter of the energy demand model are changed: 

¶ Cooling Degree Days (CDD)  

¶ Heating Degree Days (HDD) 

¶ Share of ACs of the total dwellings (household sector) 

¶ Specific cooling requirement per dwelling (household sector)  

¶ Air-conditioned floor area (service sector)  

¶ Specific cooling requirement (service sector)  

 

In Table 7 the above-mentioned input parameters are shown for the base year, for 2050 in the CET 

scenario and for 2050 in the Heat-Wave-Scenario (CETS- HW (2050)).  

 

Table 7: Input parameters in the base year , in 2050 for the CETS and the CETS - HW scenario  of 

Tallinn . 

Input Parameters  
BY 

(2019) 
CETS (2050) 

CETS- HW 

(2050) 

Cooling Degree Days (CDD) 8.6 15 38 

Heating Degree Days (HDD) 3,800 3,400 3,358 

Household- 

Share of ACs of the total dwellings [%] 
2.3 % 3.4 % 4.0 % 
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Household- Specific cooling 

requirement per dwelling [kWh/dw/year]  
134.7 129.5 357.0 

Service- Air-conditioned floor area [%] 1.0 % 1.50 % 1.75 % 

Service- Specific cooling requirement  

[kWh/m²/year] 
3.94 3.97 9.28 

 

In Table 7 it is illustrated that the cooling degree days in the city of Tallinn in the CETS- HW (2050) are 

increasing compared to the base year 2019 and the CETS (2050). That leads to a slight increase of the 

shares of the AC and the specific cooling requirement per dwelling in the household sector and  to a 

slight increase of the air-conditioned floor area and the specific cooling requirement  of the buildings in 

the service sector. On the other hand, the heating demand decreases slightly compared to the base 

year and the CETS (2050), displaying that in this case, the year presents an overall warmer year of the 

period 2050 (extreme summer temperatures don®t automatically relate to warmer winter conditions). In 

Figure 29, the impact of the heat wave on the space heating and total energy demand of the building 

(service and household) sector of the city of Tallinn is shown. To better illustrate the effect of the heat 

wave on the end-use-categories of the building sector, the annual specific energy consumption (kWh/m² 

a) was shown in Figure 30 and Figure 31. 

 

 

Figure 29: Impact of the heat wave on the space heating demand (by fuel and total) and on the total final energy 

demand of the city of Tallinn.  

 

Figure 29 illustrates that the space heating demand as well as the electricity and the district heating 

consumption to cover the space heating demand in the CETS-HW (2050), is 1.25 % lower than in the 

CETS (2050). Also, the total final energy demand of the building sector is 0.45 % lower. Those results 

show the heat wave has a beneficial impact on these types of demands. 

 

The highest increase of the relative energy demand in the building sector shows the cooling demand, 

with more than 310 % increase in the CETS-HW (2050) compared to the CETS (2050) (Figure 30), i.e., 
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from 0.03 to 0.09 kWh/m², which illustrates that the impact of a heat wave on the total energy demand 

for cooling is high in proportion, but very low in absolute terms. 

 

 

Figure 30: Impact of the heat wave on the cooling demand in the building sector of the city of Tallinn.  

 

Due to the heat wave, the total final energy demand as well as the biofuel, electricity and district heating 

demand are lower in the CETS-HW (2050) than in the CETS (2050) (Figure 31). The heat wave has the 

highest impact on the district heating (decrease of the energy demand by -1.03 %) and on the biofuel 

consumption (decrease by 0.51 %). In total, the final energy demand of Tallinn in the heat wave scenario 

is about 0.3 % lower than in the CETS (2050).  

 

 

Figure 31: Impact of the heat wave on the final energy demand (total, biofuel, electricity and district heating con-

sumption) in the city of Tallinn. GWh/a means GWh per year.  

 

Due to the fact that the city of Tallinn currently has such a low CDD compared to the high number of 

HDD, and also the predicted number of CDD is very low, a heat wave in the case of Tallinn would have 

a beneficial effect on the city's total energy consumption. 
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5.3.5 Conclusion, limitations and recommendations 

In the context of the KNOWING project, the energy demand modelling framework offers the city of Tallinn 

a validation and finalization of the existing energy balance (Tallinna Strateegiakeskus and Nomine Con-

sult OÜ, 2021) in the base year 2019, with many references and the summarization of the validated 

energy balance, in Table 3. This energy balance shows a high dominance of fossil motor fuel (21 % of 

the total final energy demand) and fossil energy carriers (13 %), which illustrates a high decarbonization 

potential for the city. The main energy consumers are the building sector (36 % in the household and 26 

% in the service sector), followed by the passenger transport (17 %) and the manufacturing industrial 

sector (16 %). 

Moreover, three scenarios were constructed to describe the future development pathways. In addition 

to the BAU (Business as Usual) scenario, which describes the historical trend development; a Clean 

Energy Transition Scenario (CETS) was created until 2050, where key measures/interventions were for-

mulated in the individual fields of action (e.g. thermal refurbishment of residential and service buildings) 

to have clear tangible targets for city decarbonization by sector and by fuel and to inform city decision 

making by the list of actions. Furthermore, a KPI-based monitoring system for the CETS was designed 

to track the sustainable pathway of the city. To model the impact of a heat wave in the city, a Heat-Wave-

scenario (CETS-HW scenario) was also designed. 

The decarbonization measures  implemented to enable a climate-neutral transformation focus primarily 

on improving energy efficiency in all sectors, increasing the share of local renewable energy, 

switching to clean fuels  in the transport sector  (e.g. hydrogen)  and the electrification of the end -

use-categories in all the sectors . This includes additional measures such as digitalization and decar-

bonization  of the electric and of the district heating grid . 

The BAU scenario  shows an increase in the specific final energy demand per capita from 18.2 to 18.7 

MWh per capita during the 2019-2050 period, while the CO2 emissions per capita will slightly decrease 

from 2.06 t-CO2 to 2.03 t-CO2. On the other hand, the decarbonization pathway of the urban energy 

system according to the CETS shows a gradual reduction in emissions to 0.09 t- CO2 per capita by 2050, 

with an average annual decarbonization rate of around -8.2 % per year. The remaining CO2 emission is 

caused by fossil fuel use in the freight and passenger transport system. The resulting final energy de-

mand per capita in the CET scenario will drop to 13.5 MWh per capita, which is 28 % lower than in the 

BAU scenario. The achieved electrification rate (the share of the electricity demand in the total energy 

demand) will reach approximately 62 % for the CET scenario compared to 41 % for the BAU scenario 

until 2050. The share of renewable energy will reach 98 % in the CET scenario compared to 69 % in the 

BAU scenario.  

Moreover, a heat wave scenario (CETS -HW scenario)  was designed of the city of Tallinn, by selecting 

the year (reference year 2040) with the highest value of the cooling degree days (CDD) in the period 

between 2019 and 2050. The results of this scenario show that a heat wave would lower the energy 

demand, since in this particular year, the space heating demand in the building sector decreases com-

pared to the CETS (2050) by -1.25 % and the total energy demand in all the sectors decreases by -0.29 

%. Although the electricity demand for cooling increases by 310 %, it is much less than the decrease in 

the heating demand of the building sector, which is due to tendentially cold climatic conditions of the 

city of Tallinn, currently and in the future. 

As a recommendation of the energy demand modelling framework  for the city of Tallinn, the key 

implementation measures  derived from the CET scenario  in the fields of action were classified per 

sector and evaluated on their impact for the decarbonization potential on the climate-neutrality pathway 

of the city of Tallinn (see chapter 5.3.3.1). In the building sector (household and service sector ), the 

key measures based on the decarbonization potential are to increase the thermal refurbishment rate 

(1.9 % per year in the household sector and 2.0 % per year in the service sector), the electrification of 

the end-use- categories (space heating, hot water, demand etc.) and the substitution of fossil fuel energy 

systems by heat pumps, biofuel-based heating systems and by a higher connection rate to the district 
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heating grid. In the manufacturing sector , the highest impact on the decarbonization potential is 

achieved by an increase of the electrification rate of the end use categories (e.g.: space heating, steam 

generation, high-temperature processes, etc.), the substitution of fossil fuel-based heating systems by 

biofuel heating systems and the improvement of the process related energy efficiency. In the freight 

and passenger transportation sector , key measures for the decarbonization of the energy system are 

the electrification of the transport modes (trucks, cars, busses, ferries, etc.), the increased use of electric 

trains in the passenger and freight transportation and the expansion of the bicycle and walking pathways.  

 

The implementation of the clean energy transition strategy depends on the city of Tallinn consistently 

driving forward the further development of the socioeconomic and technological key drivers, while sim-

ultaneously addressing the challenges along the way. Those challenges lie in the fields of technological 

innovation, regulatory and financing systems, and consumer behaviour, which can be sharpened by, for 

example, events in raising awareness among citizens. A key challenge is the fact that infrastructure 

changes, particularly for the energy system, are costly and have high inertia due to the long lifetime of 

the technology, the long replacement time, and the associated high investment costs. 
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5.4 IESopt  

5.4.1 Introduction and Modelling Framework 

This section presents the assessment of mitigation and adaptation measures in Tallinn®s energy supply 

sector under the Clean Energy Transition Scenario (CETS) by 2050. The main objectives  are to evalu-

ate Tallinn®s supply-side contributions to local and national decarbonization targets by 2050 and to iden-

tify optimal technology mixes for electricity, district heating  (DH), and hydrogen (H2) supply. The study 

also examines the impact of extreme weather conditions with heatwaves (HW), on the energy system to 

assess system needs for a resilient and sustainable energy supply.  

To account for future climate change, the high-impact climate scenario SSP5-8.5 is considered. This 

approach ensures robustness and reliability in planning Tallinn®s energy transition while capturing the 

most extreme potential climate impacts. Based on that, the analysis evaluates two representative 

weather years for 2050: one reflecting average climate conditions and another illustrating potential stress 

factors under extreme HW conditions. 

The assessment was carried out using the MAED-City demand model (see Section 5.3 5.3) and the WRF 

climate model (see section 5.1.2). The MAED-City model provides energy demand projections for future 

CETS pathway. The WRF model supplies time series of key meteorological variables -temperature, solar 

radiation, and wind speed- for 2050 under the climate change scenario. These inputs are essential for 

capturing future energy supply dynamics under changing climate conditions.  

The energy supply sector was incorporated into the IESopt  optimisation modelling framework. This en-

abled integrated scenario analysis, capturing interactions between generation technologies, energy de-

mand, and climatic variability.  

5.4.2 IESopt model description  

Energy system analysis requires modelling tools that allow for in-depth analyses of the energy system 

and the corresponding infrastructure, following an integrated and holistic approach that reflects the 

growing complexity in energy demand, supply, and storage. During past years AIT has successfully 

launched the development of such a modelling framework: IESopt (Integrated Energy System Optimisa-

tion) (AIT, 2025). The model is used to assess future electricity, district heating and hydrogen supply of 

Tallinn for the clean energy transition pathway. It shows the least cost achievement of clean energy 

transition by 2050 considering local constraints. Figure 32 shows the main input data and output infor-

mation provided by the IESopt modelling tool.  

 

 

Figure 32: Schematic of the model workflow of IESopt. 
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The most relevant input  data for the model can be described as follows. On the demand side, the anal-

ysis considers the annual demand for electricity, district heating, and hydrogen as projected by the 

MAED model for the demonstrators in 2050.  

On the supply side, it includes a range of energy generation and storage technologies, together with 

their techno-economic parameters. Weather data are used to generate hourly time series of both de-

mand and supply profiles, ensuring temporal variability in the modelling. In addition, economic and policy 

parameters, such as electricity prices, fuel costs and CO2-prices are incorporated to assess the com-

petitiveness of different technologies. Finally, the model applies local constraints that define the maxi-

mum releasable potential of renewable energy sources (RES) and storage technologies within the de-

monstrator®s boundaries. 

The model®s output  provides the least-cost optimal technology mix under various scenarios to meet 

projected electricity, district heating and hydrogen demand by 2050. This includes detailed system re-

quirements in terms of total installed capacities for generation and storage within the demonstrator area. 

Furthermore, it offers insights into the utilization of technologies through hourly time series, capturing 

the operation of generation assets, storage systems, and flexibility measures such as power exchange. 

These outputs support the evaluation of local energy system configurations that relies on economic 

efficiency (least-cost assessment), reliability, and decarbonization goals. 

In order to capture the main input data specific to demonstrators like Tallinn, five key steps are under-

taken. These steps ensure that the model reflects local conditions, resource availability, and policy 

frameworks, thereby enabling a realistic and robust assessment of future energy scenarios for the city. 

¶ Processing Meteorological Data for Energy System Modelling:  Meteorological data, includ-

ing temperature, wind speed, and solar radiation, for selected years were processed to reflect 

weather conditions and generate suitable inputs for energy system modelling. 

¶ Assessment of the Status Quo:  A detailed inventory of the current electricity and district heat-

ing (DH) infrastructure was compiled. Already existing local decarbonization targets and plans 

along the CETS pathway were identified and incorporated. 

¶ Scenario Definition and Overall Assumptions:  Realistic storylines and assumptions were de-

veloped for integrated electricity, district heating, and hydrogen supply.  

¶ Core demand projections and load profiles: Core demand, as derived from MAED-City and 

representing end-use energy demand for electricity, district heating, and hydrogen, was consid-

ered as the default. These demand values were combined with load profiles for the selected 

weather years to capture temporal variations in consumption. 

¶ Identification of Key Measures -Technologies and Their Potential:  Key supply technologies 

expected to play a critical role in achieving CETS were identified. The maximum realizable po-

tential of various clean energy generation technologies (i.e. photovoltaic (PV), wind, batteries) 

by 2050 was assessed to define feasible capacity expansion scenarios. 

5.4.3 Processing Meteorological Data for Energy System Modelling   

Meteorological data is a fundamental input for energy supply models because weather conditions have 

a direct impact on the generation potential of RES as well as on energy demand. Variables such as wind 

speed, solar radiation, and temperature determine the output of weather-dependent technologies like 

wind and PV systems. Incorporating meteorological data specific to the demonstration regions allows 

the model to capture the temporal variability of RES and weather-dependent demand, such as heating 

and cooling, as well as the effects of extreme weather events and changing climate conditions.  

The meteorological variables are derived from the WRF climate model, based on which the years con-

sidered for the simulations are identified. Table 8 shows the selected years that can be used to represent 

a normal climate condition and a heat wave around 2050, for all demonstration regions. Accordingly, the 
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corresponding variables for these years are used to generate time-series data for the IESOpt modelling 

tool. 

Table 8: Weather years identified for the representative climate conditions (NY) and heat wave 

(HW) for demonstrators SSP5 -85. 

 Normal year  

(NY) 

Heat Wave  

(HW) 

Tallinn  2029 2040 

Granollers  2031 2048 

Naples  2042 2033 

South Westphalia 

(SWF) 
2032 2046 

 

PV generation profiles:  The generated PV power was calculated using the time series of global hori-

zontal irradiation (GHI) and diffuse horizontal irradiation (DHI) provided by the WRF model. The direct 

normal irradiation (DNI) was derived using the relation: 

GHI=DNIẗcos(Z)+DHI 

where Z is the solar zenith angle. The zenith angle is computed based on the day, hour, latitude, and 

longitude of the demonstrators. Temperature-dependent efficiency losses of the PV modules were also 

considered. Accordingly, the time series of the power output was calculated; the implemented approach 

is described in more detail in (Schöniger, et al., 2024).  

Onshore Wind  profiles : Wind speed at 150 m above the ground, to account for the hub height of wind 

power plants, was provided by the WRF model. This wind speed was then used with the power curve of 

a selected onshore wind turbine with a capacity of approximately 4.5 MW. 

Heating and cooling demand profiles in residential and service sectors:  Demand profiles were de-

rived based on the Hotmaps database, which provides generic temperature-dependent heating and 

cooling profiles for EU countries at the NUTS2 level (Pezzutto, et al., 2019) and (Fallahnejad, 2019). 

These profiles were adjusted based on the temperature data provided by the WRF model. Accordingly, 

the annual heating and cooling demands obtained from MAED-City were translated into hourly time 

series for the weather years under consideration, reflecting the hourly variations in demand patterns 

throughout the year. 

5.4.4 Assessment of the status quo  

Table 9 presents the status of the installed capacities and energy production for electricity and district 

heating in Tallinn as of the base year 2019. Electricity demand in Tallinn is predominantly met through 

imports from the national grids, with an interconnection capacity of 332 MW, as local electricity genera-

tion remains highly limited (Table 9). On an annual basis, imports account for approximately 81 % of the 

city®s total electricity demand. 

In terms of local production, photovoltaic (PV) generation is negligible, with only a single land-based PV 

installation of 9.5 MW capacity. The limited deployment of PV systems has consequently constrained the 

development and utilization of battery storage solutions. In addition to PV, Tallinn hosts a 2 MW biogas 

power plant -the largest individual local facility- and a small fuel-based power plant. 

The most significant contribution to local electricity generation arises from combined heat and power 

(CHP) plants, which utilize biomass, municipal waste, and peat as primary fuels. Biomass-based CHP 

facilities are particularly important, producing approx imately 376 GWh per year, which corresponds to 

around 79 % of local electricity output. Beyond electricity generation, CHP plants also play a central role 

in meeting district heating demand, with biomass CHP plants serving as the principal heat providers, 

followed by gas boilers. 
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Despite these contributions, the district heating system in Tallinn remains substantially dependent on 

fossil fuels -specifically peat, natural gas, and fuel oil- which collectively account for 42  % of total district 

heating demand. 

 

Table 9: Installed capacity and energy production by technologies in Tallinn for base year (2019) 

(Energy generation capacity in MW, energy storage capacities in MWh and CHP plant in MWhe) . 

 Technology  Capacity  Generation  

Electricity 

supply and 

storage  

PV-Roof  Negligeable Negligeable 

PV-Land field  0.95 1 000 

Fuel oil power plant  0.6 2 016 

Biogas power plant ² 

Landfill gas  
2 15 312 

Batteries  Negligeable Negligeable 

District heat-

ing supply 

and storage  

CHP ² Ext ² Peat 2 (4 MWth) 
12 848 el.  

25 953 th. 

CHP- Ext - Biomass  
54 (125 

MWth) 

376 616 el.  

755 789 th. 

CHP-BP - Municipal Waste 2 14 (41 MWth) 
64 797 el.  

190 579 th. 

Boiler ² Gas 300 663 187 

Boiler ² Fuel oil  11 22 503 

Energy trans-

mission and 

distribution 

networks  

Transmission capacity to 

the outside of the city/re-

gion ² Electricity  (e-Grid-

map, 2025) 3 

332 2 135 301 

Distribution electricity grid 

losses  (ECA, 2021) and 

(Elering , 2024) 4 

9.6%  

District heating grid losses   

(Hlebnikov, Volkova, & 

Ma¶atin, 2018)  

13.8%  

 

5.4.5 Scenario definition and overall assumptions  
Given its demographic and economic significance, Tallinn is a key driver of Estonia®s energy transi-

tion . Its dense urban structure and high energy demand make the city an important focus for achieving 

national climate objectives. The Clean Energy Transition Scenario (CETS)  2050 for Tallinn is therefore 

designed to capture both local energy dynamics and to align with Estonia®s broader decarbonization 

targets, in line with the European Union®s ambition for climate neutrality by 2050.  

 
2 Estimated from the energy balance of the base year 
3 Grid capacity estimated based on e-Gridmap and imported amount of electricity is estimated considering sup-
ply and demand energy balance in base year (Elering, 2025) 

4 Total grid losses are 12.5% (ECA, 2021), and transmission losses as of 2024 are 2.9% (Elering, 2025). This im-
plies that distribution losses are approximately 9.6%. 
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To reflect future climate change, the strongest climate change scenario (SSP5-8.5) is considered in 

the CETS to ensure robustness and reliability  in planning Tallinn®s energy transition, by capturing the 

most extreme potential climate impacts. Two distinct weather conditions are considered (cf. Table 8):  

¶ Normal year (NY):  Reflects typical climate conditions expected around 2050, with the simulated 

model year 2029 best reflecting the mean state of this climate period. 

¶ Heat wave year (HW):  a heat wave year is chosen based on the highest value of the cooling 

degree days (CDD) in the period between 2019 and 2050, in this case the model year 2040 

(same as in MAED-city). 

These two weather conditions are provided by MAED-City (see section 5.3.3): NY 2050 with the linear 

demand assumptions of Clean Energy Transition Scenario (CETS) and CETS-HW (2050) with the com-

binations of the projections with selected heat wave weather year 2040.  

The supply model encompasses electricity and other coupled sectors, specifically district heating 

(Power-to-Heat; P2H) and hydrogen (Power-to-Gas; P2G). The key assumptions for these sectors are 

summarized as follows: 

Electricity (ELC)  

Tallinn is interconnected through transmission lines with the rest of Estonia, enabling efficient power 

exchange and system balancing.  

¶ Electricity exchange with outside regions:  Influenced by country-level price signals, allowing 

Tallinn to import or export electricity based on national market conditions.  

The uptake of renewable electricity (RES) in Tallinn is determined by the following factors: 

¶ Minimum local targets:  Ensuring Tallinn meets its share of local RES plan and targets. 

¶ Maximum local potential:  Reflecting technical and spatial constraints for local RES generation. 

District Heating (DH)  

DH represents an important component of Tallinn®s local energy system, with strong links to electricity 

through electrification and cogeneration technologies. Key aspects include: 

¶ Integration with electricity:  Heat pumps and electric boilers are considered key technologies 

within DH networks. Their utilization is interlinked with national electricity prices and additionally 

increases the projected core electricity demand (cf. Table 10) 

¶ Combined Heat and Power (CHP):  CHP plants contribute to both heat and electricity genera-

tion, enhancing system flexibility and overall efficiency. 

Hydrogen (H 2) 

It is assumed that hydrogen will play a vital role in Tallinn®s future clean energy mix. Key aspects include: 

¶ Local production:  Hydrogen demand is expected to be met through on-site electrolysis. 

¶ Impact on ¯core° electricity demand: Electrolyser operation increases core electricity de-

mand, requiring sufficient renewable generation and grid capacity to meet local needs. 

¶ Hydrogen storage:  Provides balancing between hydrogen supply and demand, supporting 

overall system reliability. 

5.4.6 Demand projections and load profiles  
This section presents the annual electricity, district heating, and hydrogen demand, as derived from 

MAED-City, for the assessment of the supply sector in Tallinn under the NY 2050 and HW 2050 scenar-

ios, together with their corresponding hourly profiles . 
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5.4.6.1 Electricity  

Table 10 presents the core electricity demand for Tallinn in the base year, as well as projected demand 

for the clean energy transition scenario by 2050 in case of NY and HW weather conditions as provided 

by MAED-City. Additionally, to the core electricity demand , the supply model needs to cover additional 

electricity demand that may arise due to technology decisions, such as the use of heat pumps for district 

heating or electricity consumption for hydrogen production. The electricity demand is disaggregated 

into components influenced by climate conditions (weather -dependent) and those independent of cli-

mate (non-weather-dependent). 

Overall, electricity demand in Tallinn is projected to increase by approximately 68 % by 2050 in both 

future scenarios NY and HW. This substantial growth implies the need for significant expansion of local 

generation capacity, as well as a greater reliance on electricity imports from the national grid compared 

to current levels. 

In the building sector, space heating demand is expected to decline by 2050, primarily due to improve-

ments in building insulation, despite the anticipated high degree of electrification in the city. By contrast, 

cooling demand exhibits a sharp relative increase -by 56 % in the NY scenario and 396 % in the HW 

scenario compared to current levels. However, when expressed in absolute terms, this increase remains 

marginal, accounting for less than 0.03 % of total projected future electricity demand.  

 

Table 10: Core electricity demand projections for Tallinn for base year and 2050 for assessed 

scenarios (NY and HW) . 

Category  
Base year  

[GWh/y] 

NY 2050 

[GWh/y] 

HW 2050 

[GWh/y] 

E-Demand - weather dependent     

E-heating residential space heating 40.78 34.87 34.44 

E-heating tertiary space heating 196.54 115.15 113.73 

E-cooling residential 0.25 0.39 1.24 

E-cooling tertiary  0.10 0.12 0.32 

E-Demand ² non-weather dependent     

E-heating residential sanitary hot water 34.28 105.60 105.60 

E-heating tertiary sanitary hot water 58.72 132.13 132.13 

E-Industry 849.13 1200.63 1200.63 

E-vehicle 2.27 167.74 167.74 

E-Rest 1425.81 2631.36 2631.36 

E-Total demand  2607.89 4387.98 4387.19 

 

Figure 33 presents the hourly electricity demand profile for Tallinn under both NY and HW scenarios. 

This profile is created by the aggregation of the specific electricity demand profiles. The weather -de-

pendent demand profiles are primarily determined by hourly tem perature conditions, which are derived 

from the climate data specific to each scenario year. Meanwhile, the non-weather dependent profiles 

are from standardized profiles.  
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The profiles demonstrate that, as previously noted, in Tallinn electricity demand during the summer 

period is not substantially affected by heat waves, as the increase in cooling demand remains marginal. 

Consequently, in the case of Tallinn, the projected rise in electricity demand due to future heat waves is 

not expected to generate a significant impact on overall electricity demand during summer months.  

 

Figure 33: Hourly electricity demand profile in Tallinn for NY and HW scenarios. 

5.4.6.2 District Heating  

Table 11 presents the district heating demand for Tallinn in the base year, as well as under the NY and 

HW scenarios, as estimated by the MAED-City model. As in the electricity sector, these demands are 

also categorized into weather-dependent components, which are influenced by climatic conditions, and 

non-weather-dependent components. Overall district heating demand is projected to decrease by 12  % 

in the NY scenario and by 14 % in the HW scenario, primarily due to improvements in building insulation, 

despite the planned expansion of the district heating network within the city. 

The enhancement of building quality increases the relative importance of sanitary hot water in the overall 

district heating demand. For instance, in the base year sanitary hot water accounted for approximately 

7 % of total demand, whereas in both the NY and HW scenarios this share is projected to rise to around 

17 %. Finally, total district heating demand in the HW scenario is slightly lower than in the NY scenario. 

This is explained by the fact that, although the HW scenario assumes a colder winter than the NY sce-

nario, it also reflects warmer annual average conditions, resulting in a net reduction of heating require-

ments. 

Table 11: Core  district heating demand projections for Tallinn for Base year and 2050 for as-

sessed scenarios (NY and HW) . 

Category  
Base year  

[GWh/a]  

NY 2050 

[GWh/a]  

HW 2050 

[GWh/a]  

DH-Demand - weather dependent     

DH-heating residential space heating 1061.36 750.22 740.95 

DH-heating tertiary space heating 479.01 442.63 437.16 

DH-Demand ² non-weather dependent     

DH-heating residential sanitary hot water 117.64 219.50 219.50 

DH-heating tertiary sanitary hot water 0.00 33.71 33.71 

DH-Total demand  1658.01 1446.06 1431.32 

 

Figure 34 presents the hourly district heating demand profiles for Tallinn under the NY and HW scenar-

ios. The total annual district heating demand is lower in the HW scenario. However, although a hot sum-

mer, this scenario is also characterized by a colder winter, resulting in higher peak demand during the 

early months of the year when looking at hourly values. This elevated demand in winter is offset during 

the remainder of the year; for example, the spring period is comparatively warmer, which reduces the 

overall heating demand in the HW scenario relative to the NY scenario. 
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Figure 34: Hourly district heating demand profile in Tallinn for NY and HW scenarios. 

5.4.6.3 Hydrogen  

Table 12 summarizes the annual hydrogen demand estimated using the MAED-City model for the base 

year, as well as for the NY and HW scenarios. At present, there is no hydrogen demand in the city of 

Tallinn. However, future demand is projected to reach 4.48 GWh, primarily concentrated in the transport 

sector. This demand is expected to be met through the use of local electrolysers, without the need for 

imports into the city. Since hydrogen demand is not weather-dependent, the projected values remain 

identical for both the NY and HW scenarios. 

 

Table 12: Default Hydrogen demand projections for Tallinn for Base year and 2050 for assessed 

scenarios (NY and HW) . 

Category  
Base year  

[GWh/a]  

NY 2050 

[GWh/a]  

HW 2050 

[GWh/a]  

H2-Demand     

H2-Industry 0.00 0.00 0.00 

H2-Mobility 0.00 4.48 4.48 

H2-Total demand  0.00 4.48 4.48 

 

Figure 3535 presents the hourly hydrogen demand profile considered in Tallinn under the NY and HW 

scenarios. As hydrogen demand is not weather-dependent, the profiles are considered as identical to 

those in Estonia and correspond to the projected future demand outlined in the (ENTSO-E & 

ENTSOG, 2025). 

 

Figure 35: Hourly hydrogen demand profile in Tallinn for NY and HW scenarios. 

5.4.7 Key Measures -Technologies and Local Potential 

This section presents the local potential for the generation technology as well as hourly profiles for PV 

and national electricity prices for Estonia to be considered i n the assessment NY 2050 and HW 2050 

scenarios. 
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5.4.7.1 Local Potential for Generation technologies  

Table 13 presents the projected ranges of technological penetration for the city of Tallinn by 2050. These 

ranges are expressed through minimum and maximum values. The minimum values consider the local 

plans on capacity expansion expected to be achieved on the way to clean energy transition, whereas 

the maximum values reflect the upper limits of the realisable potential capacity by 2050. The defined 

boundaries have been established in consultation with Tallinn®s stakeholders, considering constraints 

related to space availability, existing energy strategies, and urban development plans.  

Current PV installed capacity - particularly for rooftop systems - remains negligible but is expected in 

the future scenarios. The energy sector is fully decarbonized, with PV generation emerging as a key 

contributor to local electricity production, supported by battery storage as a backup resource.   

The maximum realisable potential of rooftop PV installations by 2050 is estimated based on a total flat 

roof surface area of 15.76 km², as reported by PALM-4U. A conservative assumption is made for Tallinn 

that approximately 50 % of this area is suitable for PV installation (Bódis, Kougias, Jäger-Waldau, Taylor, 

& Szabó, 2019) and an additional reduction factor 60 % is applied to account for other limitations, such 

as spacing between modules and access for maintenance etc. (Bódis, Kougias, Jäger-Waldau, Taylor, & 

Szabó, 2019). Assuming a surface requirement of roughly 180 W/m², the total technical potential is es-

timated to be approximately 567 MWp. For the realisable potential by 2050, it is assumed that one third 

(å33 %) of this technical potential can be deployed, resulting in a realisable potential of roughly 

189 MWp. In this context, the minimum target of 25 % of the installed PV capacity is assumed to be 

coupled with battery storage, whereas in the maximum potential, this proportion increases to 36 %.   

District heating in Tallinn is expected to become increasingly diversified, with a high possibility to incor-

porate heat pumps and biomethane CHP plants in competition with the existing biomass and municipal 

waste CHP plants. In the simulations, municipal waste CHP and biomass CHP has a limited expansion 

up to 12 % and 16 % of the capacity compared to the base year. No restrictions are applied to the 

expansion of heat pumps and biomethane CHP plants, under the assumption of a high degree of elec-

trification in Tallinn and the high capacity of bio-fuel production in Estonia. The minimum target for the 

deployment of heat pumps is aligned with the current plans of the City of Tallinn, which envisage the 

installation of approximately 44 MW of heat pump capacity in the short term. The use of biomass boilers 

and electric boilers as backup systems are considered without limitation as potential future technologies. 

Thermal storage is anticipated to play an important role in enhancing system flexibility and taking ad-

vantage of the lower future electricity prices and local PV electricity generation.  The minimum target for 

this technology is aligned with the existing thermal energy storage capacity in Tallinn®s district heating 

network, currently estimated at 1 MW (approximately 60 MWh). It is further assumed that this capacity 

could be doubled in the future, reflecting potential system expansion and modernization efforts. 

To meet future local hydrogen demand, new hydrogen infrastructure - including electrolysers and stor-

age facilities - will need to be deployed. Since the projected hydrogen demand is expected to be fully 

covered locally, the model assumes no constraints on the installation of electrolyser and storage capacity 

to be able to cover the future hydrogen demand. Hydrogen storage is also expected to play a significant 

role as a flexibility option, taking advantage of the future pronounced fluctuations in future electricity 

prices.  

Finally, considering the anticipated high levels of electrification, Tallinn®s connection capacity to the na-

tional grid is assumed to be reinforced to up to 1000 MW, ensuring the ability to cover peak demand in 

the future. The distribution network for both  electricity and heat is assumed to maintain the same level 

of efficiency as in the base year. 

 

Table 13: Minimum target and maximum potential of the supply technologies for Tallinn by 2050 

(Energy generation capacity in MW, energy storage capacities in MWh and CHP capacities in 

MWe). 
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Type  Technology  

Minimum tar-

get  

2050 

Maximum realisa-

ble  potential  

2050 

Electric-

ity sup-

ply and 

storage  

PV-Roof  25.5 189.1 

PV-Land field  10.3 10.3 

Batteries  6.4 70.9 

District 

heating 

supply 

and stor-

age 

CHP-EXT ² Biomass  56.0 63.0 

CHP-BP - Municipal Waste  14.5 16.3 

CHP-EXT ² Biomethane  0.00 Inf 

Fuel Cell  0.00 Inf 

Boiler ² Biomass  0.00 Inf 

Boiler - Electric  0.00 Inf 

Heat Pump - Source Waste 

Heat 
9.1 Inf 

Heat Pump - Source Water  38.1 Inf 

Heat Pump - Source Air  4.9 Inf 

Seasonal Storage Water 

Tank 
60 120 

H2 sup-

ply and 

storage  

H2 Electrolyser  0.00 Inf 

H2 Storage  0 Inf 

Energy 

trans-

mission 

and dis-

tribution 

networks  

Transmission capacity to 

the outside of the city/re-

gion - Electricity  

4265 10006 

Distribution electricity grid 

losses 7 
8.4% 8.4% 

District heating grid 

losses 8 
13.8% 13.8% 

5.4.7.2 Solar profile 

Figure 36 illustrates the hourly power production profiles of PV panels in Tallinn under the NY and HW 

scenarios. The profiles are generated using a crystalline silicon PV panel, normalized to a nominal ca-

pacity of 1 kWp. The generation patterns are derived from the selected weather years reflecting normal 

and heat wave climate conditions, accounting for the influence of solar radiation and ambient tempera-

ture on PV electricity output (see Figure 36).  

 
5 This value indicates the existing capacity and expansion plans by 2029 from Elering (Elering, 2024) 
6 AIT estimation due to limited local data  
7 Same as current losses 
8 Same as current losses 
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Figure 36: The annual hourly electricity production profile for PV panels in Tallinn (normalized to 1 kWp). 

5.4.7.3 Electricity price profile 

Figure 37 presents the duration curves (left) and hourly profiles (right) of electricity prices for the base 

year, as well as for the scenarios NY and HW by 2050. Country-level electricity prices are derived from 

the ¯Distributed Energy 2050° scenarios in the Ten-Year Network Development Plan 2024, published 

by the European Transmission System Operators for Electricity (ENTSO-E) and for Gas (ENTSOG) 

(ENTSO-E & ENTSOG, 2025).  Electricity prices of these scenarios; for the balanced years (weather 

year 2008) and the heat year (weather year 1995) are considered. Assuming the relationship between 

electricity prices and the residual load (calculated as load minus wind and PV generation), the TYNDP 

prices are reordered through a matching procedure based on the projected residual load under the 

climate conditions considered in this study. 

Compared to the current (2019) annual average price of 48.86  /MWh, future electricity prices in Estonia 

are expected to decrease significantly, with average values of 35.24  /MWh under the NY scenario and 

31.80  /MWh under the HW scenario. Nonetheless, a substantial increase in price variability is antici-

pated, primarily driven by the higher penetration of renewable energy sources (RES) in the electricity 

mix. 

The projected decline in average prices, combined with increased variability, is expected to act as a 

major driver of the energy transition in Tallinn. This is particularly relevant given the high degree of 

electrification anticipated for the city and the strong coupling among the electricity, district heating, and 

hydrogen sectors. Moreover, the evolution of national electricity prices, together with available transmis-

sion capacity, will play a decisive role in shaping Estonia®s electricity import and export dynamics with 

the wider regional system. 

 

Figure 37: Electricity prices profile of Estonia for Base Year, NY and HW scenarios. 
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5.4.8 Results  

This section analyses the results for the city of Tallinn across the electricity, district heating, and hydro-

gen sectors for both NY 2050 and HW 2050 scenarios. The results highlight projected future installed 

capacities, energy generation outputs, and the interactions among the different technologies. 

5.4.8.1 Electricity sector 

Figure 38 illustrates the annual electricity demand, generation, and installed generation capacities for 

the base year, as well as for the NY and HW scenarios. The corresponding values are shown also in 

Table 14  Both scenarios exhibit similar performance during the summer months, as the impact of heat 

waves on electricity demand is negligible, with only marginal modifications in the demand profile. Like-

wise, the effect of the colder winter conditions in the HW scenario results in only a minor increase in 

demand. 

The additional electricity demand arising from the operation of DH heat pumps, DH electric boilers for 

heat production, electrolysers for hydrogen production, and batteries amounts to 248 GWh in the NY 

scenario and 301 GWh in the HW scenario. In both cases, this represents less than 7 % of the core 

electricity demand, as projected by the MAED-City model. 

For both scenarios, an expansion of Tallinn®s reliance on the national electricity grid emerges as the 

most relevant solution. This is attributed to anticipated lower electricity prices, the high potential for 

strengthening interconnections with the national grid, and the progressive electrification of Tallinn®s en-

ergy system. In the NY scenario, grid connection capacity expands to 773 MW (4,516 MWh), while in 

the HW scenario it reaches 792 MW (4,566 MWh). This expansion more than doubles the current 332 

MW connection capacity. 

Local electricity production, by contrast, accounts for less than 5  % of overall demand in both scenarios. 

A significant increase is observed in photovoltaic (PV) capacity, reaching approximately 105 MW com-

pared to just 1 MW in the base year. This results in projected generation of around 97 GWh in the NY 

scenario and 91 GWh in the HW scenario, positioning PV as the primary source of local electricity and 

displacing biomass in this role. Biomass CHP plants, meanwhile, continue to focus primarily on district 

heating, contributing only marginally to the electricity sector with approximately 15 GWh and 24 GWh in 

the NY and HW scenarios, respectively. A similar pattern is observed for municipal waste CHP plants, 

whose contribution to electricity generation is even more limited. 

Battery deployment remains minimal, with an installed capacity of 8 MW (16 MWh). This is largely due 

to the greater cost-effectiveness of relying on national grid connections to provide system flexibility, 

rendering large-scale storage less economically attractive. 

 

Figure 38: Electricity demand, generation and capacity for base year, NY and HW scenarios. 

 

Table 14: Electricity  demand, generation and  installed capacity per components in Tallinn for NY 

2050 and HW 2050 scenarios . 
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[GWh]  Demand  [GWh]  Generation  [MW_e] Capacity  

 
Base 

Year 

NY 

2050 

HW 

2050 
 

Base 

Year 

NY 

2050 

HW 

2050 
 

Base 

Year 

NY 

2050 

HW 

2050 

Elec.  

Ex-

ports  

0 0 0 

Elec. 

Im-

ports  

2135 4516 4566 

Grid  

Con-

nection  

332 773 797 

Core 

Elec. 
2608 4388 4388 PV 1 97 91 PV 1 105 105 

Bat-

tery  
0 8 8 

Bio-

mass 

CHP 

377 15 24 

Bio-

mass 

CHP 

54 56 56 

DH 

Elec-

tric 

Boiler  

0 39 67 
Waste 

CHP 
65 0.23 0.25 

Waste 

CHP 
14 14 14 

Elec-

tro-

lyser  

0 7 7 
Bat-

tery  
0 8 8 Battery  0 12 12 

DH 

Heat 

Pump 

0 194 219 
Fuel 

Oil PP 
2 0 0 

Fuel Oil 

PP 
1 0 0 

    
Biogas 

PP 
15 0 0 

Biogas 

PP 
2 0 0 

    
Peat 

CHP 
13 0 0 

Peat 

CHP 
2 0 0 

Total 

De-

mand  

2608 4636 4689 

Total 

Gener-

ation  

473 120 123 

Total 

inst. ca-

pacity  

74 187 187 

Total 

Dem. 

& ex-

port  

2608 4636 4689 

Total 

Gen. & 

Imp.  

2608 4636 4689 

Total 

inst . 

cap. & 

grid  

406 960 984 

 

Figure 39 illustrates electricity supply (figures on top) and demand (figures at bottom) in Tallinn during 

a selected winter and summer week for the NY and HW scenarios. Only minor differences are observed 

in system behaviour between these scenarios. 

As expected, PV generation is most significant during the summer period, while the national grid remains 

the predominant source of electricity supply in both scenarios. Electricity prices in both scenarios closely 

follow PV generation patterns, decreasing when PV output is high. This effect is particularly pronounced 

in the summer months, when PV production reaches its peak. 

On the demand side, electricity consumption by electrolysers has a negligible impact on the overall 

demand profile. By contrast, the operation of DH electric boilers and DH heat pumps increases winter 

electricity demand by approximately 15 %, particularly under the HW 2050 scenario, which in addition 

to hotter summer, also assumes colder winter conditions.   
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Figure 39: Electricity demand and supply in Tallinn: Winter vs. Summer week for NY and HW scenarios. 

5.4.8.2 District heating sector 

Figure 40 presents the annual district heating demand, generation, and technology capacities for the 

base year, as well as for the NY and HW scenarios. The corresponding values are shown in Table 15. 

Both scenarios indicate that decarbonization of the district heating sector primarily relies on the substi-

tution of fossil-fuel-based district heating systems with electricity-driven technologies, namely DH heat 

pumps and DH electric boilers. 

In both scenarios, total heat demand shows a slight increase compared with the base year due to the 

use of DH thermal storages, rising by approximately 10 GWh in the NY scenario and 11 GWh in the HW 

scenario, as projected by the MAED-City model. Biomass and municipal waste CHP capacity experience 

a modest increase relative to the base year. For both scenarios, municipal waste CHP capacity increases 

to 43 MW, generating around 0.7 GWh annually. Biomass CHP capacity grows to 130 MW, with heating 

generation levels differing between scenarios: 618 GWh in NY scenario and 488 GWh in HW scenario. 

This discrepancy reflects the lower national electricity prices in the HW scenario, which render DH heat 

pumps and DH electric boilers more competitive compared to CHP plants. 

For electricity-based heating technologies, DH heat pump capacity is identical in both scenarios, at ap-

proximately 209 MW. In contrast, DH boiler capacity differs, rising to 98 MW in the HW scenario com-

pared to 70 MW in NY, reflecting the need to cover higher peak loads associated with colder winter 

conditions. Together, electric technologies account for 56  % and 65 % of total district heating supply in 

the NY and HW scenarios, respectively, corresponding to 826 GWh and 943 GWh in absolute terms. 

Finally, waste heat recovery from electrolysers is integrated into the district heating system, but its con-

tribution remains negligible, accounting for less than 1 GWh. 

 

Figure 40: District heating demand, generation and capacity of Tallinn for NY and HW scenarios. 
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Table 15: District heating demand, generation and capacity of Tallinn  for NY and HW scenarios . 

[GWh]  Demand  [GWh]  Generation  [MW_th] Capacity  

 

Bas

e 

Yea

r 

NY  

205

0 

HW  

205

0 

 

Bas

e 

Yea

r 

 

Bas

e 

Yea

r 

 

Bas

e 

Yea

r 

NY  

205

0 

HW  

205

0 

Core 

DH de-

mand  

165

8 

144

6 

143

1 

Waste 

CHP 191 0.68 

0.7

3 

Waste 

CHP 41 43 43 

Heat 

Storage 

Charge  0 10 11 

DH Elec-

tric 

Boiler  0 38 67 

DH Elec-

tric 

Boiler  0 70 98 

    

Electro-

lyser  0 0.91 

0.9

1 

Electro-

lyser  0 0.2 0.2 

    

Biomass 

CHP 756 618 488 

Biomass 

CHP 125 130 130 

    

DH Heat 

Pump 0 788 876 

DH Heat 

Pump 0 209 209 

    

Heat 

Storage 

Dis-

charge  0 9 10 

Heat 

Storage  0 3 3 

    

Natural 

Gas CHP 0 0 0 Peat CHP 4 0 0 

    Peat CHP 26 0 0 

DH Natu-

ral Gas 

Boiler  300 0 0 

    

DH Natu-

ral Gas 

Boiler  663 0 0 

DH Fuel 

Oil Boiler  11 0 0 

Total  
165

8 

145

6 

144

2 
Total  

165

8 
1456 

144

2 
Total  482 455 483 

 

Figure 41 presents district heating supply (figures on top) and demand (figures at bottom) in Tallinn 

during a selected winter and summer week for the NY and HW scenarios. In both cases, the operation 

of technologies is strongly influenced by electricity price dynamics. When electricity prices are low, DH 

heat pumps are activated, with DH boilers providing additional support when needed to meet peak de-

mand. Conversely, when electricity prices rise, municipal waste CHP and biomass CHP plants become 

more competitive and contribute significantly to district heating supply.  

This pattern is particularly evident during the summer months, when country electricity price fluctuations 

are more pronounced due to higher daytime PV generation.  
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Figure 41: District heating demand and supply in Tallinn: Winter vs. Summer week for NY and HW scenarios. 

5.4.8.3 Hydrogen sector 

Figure 42 illustrates the annual hydrogen demand, generation, and technology capacities for the base 

year, as well as for the NY and HW scenarios. The corresponding values are shown in Table 16. In both 

scenarios, the evolution of the hydrogen sector is closely interlinked with national electricity price dy-

namics, reflecting the sector®s dependence on electricity availability and cost competitiveness. The stra-

tegic use of hydrogen storage to take advantage of price fluctuations emerges as a critical mechanism 

for enhancing both operational flexibility and economic viability. 

Electrolyser and hydrogen storage capacities are assumed to be the same across scenarios, at 1.5 MW 

and 1.7 MW (17 MWh), respectively. Nevertheless, variations in hourly electricity price profiles result in 

different operational outcomes. In the HW scenario, hydrogen storage exhibits slightly greater relevance, 

supplying 1.9 GWh of hydrogen compared to 1.7 GWh in the NY scenario. This difference highlights the 

sensitivity of hydrogen production and storage to electricity price volatility, particularly under  conditions 

of higher seasonal variability. 

 

Figure 42: Hydrogen demand, generation and capacity of Tallinn for NY and HW scenarios. 
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Table 16: Hydrogen demand, generation and capacity of Tallinn  for NY and HW scenarios . 

[GWh]  Demand  [GWh]  Generation  [MW_H2] Capacity  

 
Base 

Year 

NY  

2050 

HW  

2050 
 

Base 

Year 

NY  

2050 

HW  

2050 
 

Base 

Year 

NY  

2050 

HW  

2050 

Core 

H2 0 4.5 4.5 

Electro-

lyser  0 4.9 4.9 

Electro-

lyser  0 1.5 1.5 

H2 

storage 

Charge  0 2.1 2.3 

H2 

Storage 

Dis-

charge  0 1.7 1.9 

H2 Stor-

age  0 1.7 1.7 

Total  0 6.6 6.8 Total  0 6.6 6.8 Total  0 3.3 3.3 

 

Figure 43 illustrates hydrogen supply (figures on top) and demand (figures at bottom) in Tallinn during 

a selected winter and summer week for the NY and HW scenarios. In both scenarios, the operation of 

hydrogen technologies is closely linked to electricity price dynamics and fluctuations. During periods of 

low electricity prices, electrolysers are primarily responsible for meeting the core hydrogen demand, as 

defined by the MAED-City projections, while also charging hydrogen storage. Conversely, when elec-

tricity prices are elevated, hydrogen storage is discharged, thereby contributing to the coverage of core 

hydrogen demand. 

This cyclical interaction between electrolysers and storage highlights the sector®s role as a flexible con-

sumer of electricity and as a balancing mechanism within the broader energy system. The effect is par-

ticularly pronounced in the summer months, when electricity price differentials are larger, driven by the 

high daytime output of PV generation. Under these conditions, the capacity of hydrogen technologies to 

arbitrage between low- and high-price periods becomes increasingly valuable 

 

Figure 43: Hydrogen demand and supply in Tallinn: Winter vs. Summer week for NY and HW scenarios. 

5.4.9 Conclusions, Limitations and Recommendations  

The energy supply modelling allows the following conclusions to be drawn regarding the energy system 

in the city of Tallinn. 

In general : For the decarbonization, electrification is projected to be high across all sectors, including 

district heating and production of the locally demanded hydrogen. Given the limited potential for local 

renewable energy sources, as reported by stakeholders from the Tallinn City Council, the city will remain 

highly dependent on imports from the national grid to meet increased electricity demand by 2050. In this 

context, national electricity prices are closely linked to the local energy transformation pathway of Tallinn 

and influence the utilization of technologies such as heat pumps in district heating and electrolysers for 

the generation of hydrogen. Compared to normal weather conditions in scenario NY, higher cooling 



 

KNOWING | Deliverable D3.3 | WP3 | Final  58 

demand during summer in the HW scenario does not place significant stress on the local electricity 

supply system.  

The electricity sector  in Tallinn is projected to remain highly dependent on the national grid, with grid 

connection capacity more than doubling by 2050 to support growing electrification and ensure system 

reliability. Overall electricity capacity is higher in the HW scenario, where lower national electricity prices 

drive further grid expansion. Electricity demand increases due to the wider deployment of heat pumps 

and electric boilers in district heating, as well as hydrogen production, exceeding core demand projec-

tions by approximately 5²7 %. By 2050, solar PV emerges as the dominant local electricity generation 

source, with capacity rising from 1 MW in the base year to around 105 MW, while biomass and waste 

CHP plants contribute only marginally to total electricity generation. Looking at the two weather year 

conditions, higher cooling demand during summer in the HW scenario does not place significant stress 

on the local electricity supply system.  

In the district heating sector,  electrification becomes the dominant feature, with heat pumps and elec-

tric boilers providing majority of heat generation by 2050  -together accounting for around 57 % in the 

NY scenario and 65 % in the HW scenario of total district heating supply. Total installed capacity is 

slightly higher in the HW scenario than in NY, highlighting that a hot summer does not necessarily cor-

respond to a mild winter. According to the MAED-City model, the HW scenario has a lower total annual 

heat demand. When this demand is distributed hourly over the year based on temperature, colder winter 

months produce higher early-year peaks requiring more installed capacity. But warmer conditions later 

reduce the overall annual demand compared to the NY scenario.  

In the District heating system, biomass CHP units and heat pumps remain the primary technologies, 

while electric boilers cover peak heat demand. The operation switches among biomass CHP and heat 

pumps according to electricity prices, with heat pumps running during periods of low electricity prices 

and biomass CHP during periods of high prices. 

In the hydrogen sector : Hydrogen storage plays a critical role in balancing hydrogen supply and de-

mand. The operation of electrolysers and hydrogen storage is closely linked to electricity prices: low 

prices trigger electrolysers to meet core hydrogen demand and charge storage, whereas high prices 

lead to the discharge of stored hydrogen to meet demand. 

Limitations  

The IESopt model assumes a one-hour time step, so it cannot capture operational dynamics, such as 

start-up and shutdown, that occur within minutes. As a result, the flexibility of units like CHP is simplified, 

focusing on hourly energy balances rather than detailed operational behaviour. It should be also noted 

that these results are based on modelling using two single weather years to represent normal and hot 

conditions within a strong climate scenario, which may limit the generalizability of the findings. In addi-

tion, a cold year was not included in the analysis, which could affect the results due to changes on 

heating and cooling demand as well as generation conditions.  However, the results still demonstrate 

the system requirements needed to establish a robust framework capable of withstanding the impacts 

of climate change.  

Recommendations  

To support the local clean energy transition and ensure system-wide resilience in Tallinn, the following 

recommendations are proposed: 

¶ Adopt integrated planning:  Coordinate electricity, heating, and hydrogen strategies to ensure 

optimal resource use, operational synergy, and system-wide efficiency. 

¶ Prepare for climate variability:  While higher summer cooling demand in the heat wave (HW) 

scenario does not currently pose significant stress on the energy system, it is important to con-

tinuously monitor and account for extreme weather events in future planning. Incorporating mul-

tiple climate scenarios and representative years for different weather conditions (incl. extreme 
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heat and cold periods) will enable more robust, adaptive, and resilient energy system develop-

ment. 

¶ Expand Local Renewable and Storage Options Where Feasible:  Explore targeted deploy-

ment of local PV and battery storage to contribute the achievement of national/local decarboni-

zation targets and support the demand and supply balance at local and national level.  

¶ Optimize Electrification Deployment : Support the deployment of heat pumps and electric 

boilers in district heating to maximize efficiency while aligning operation with electricity price 

signals. Encourage sector coupling, e.g., linking hydrogen production with periods of low elec-

tricity prices.  

¶ Adapt District Heating Operations : Optimize the operation of biomass CHP units and heat 

pumps based on electricity price signals to reduce operational costs.  Consider electric boilers 

for peak demand periods to ensure system reliability during peak periods.  

¶ Incorporate Hydrogen as a Flexibility Option : Integrate hydrogen production and storage into 

overall system planning to enhance flexibility and resilience at national level. 

¶ Strengthen Grid Integration: Given the limited local renewable energy potential, Tallinn will 

remain highly dependent on the national grid. It is important that adequate grid capacity and 

flexibility to accommodate imported electricity from outside of the city and variable demand from 

electrified sectors ensured. 

 

5.5 PALM-4U 

5.5.1 Model description 

5.5.1.1 Introduction and applications 

The PALM model system (Parallelized Large-Eddy Simulation Model), developed by Leibniz University 

Hannover under the MOSAIK project, is designed for high-resolution simulations of urban atmospheric 

processes (Maronga, et al., 2015).PALM-4U, a PALM application tailored to urban areas, solves radia-

tion, vegetation, urban surface and soil parameters as well as turbulence using Large-Eddy Simulation. 

It enables detailed modelling of urban microclimate at resolutions from 1 m (district scale) to 10 m (city 

scale). Due to the computational costs of a highly resolved microclimate simulation, usually one full day 

and one full night is simulated.  

Applications of PALM-4U include analysing the current urban climate, evaluating climate adaptation 

strategies, identifying heat stress hot spots, optimizing construction projects, and assessing the urban 

heat island (UHI) effect, UV radiation, building energy efficiency, air quality and indoor thermal comfort. 

The model has been successfully applied in cities such as Vienna (¬uvela-Aloise, 2022) Berlin (Maronga, 

et al., 2018), and Prague (Geletiő, Lehnert, Krő, Resler, & Krayenhoff, 2021) to assess the impact of urban 

climate and air quality on both human health and the environment. 

Understanding the impacts of envisioned urban developments on the microclimate offers valuable in-

sights for all stakeholders involved in shaping Tallinn®s future. The city-wide modelling does not limit 

itself to a single urban planning project but instead provides a holistic view of the impacts of all envi-

sioned adaptation measures, marking a significant step towards enhancing the city®s resilience to climate 

change. 

5.5.1.2 Assumptions and input 

To support Tallinn®s pathway to a reduce heat and achieve climate neutrality, four PALM-4U simulations 

of the entire city were envisioned. Simulating the impact on heat of future changes in the urban structure 

produces valuable insights for urban planners and decision-makers. Therefore, the meteorological con-

ditions for the simulations are kept identical, while the city structure is adapted in each scenario.  
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The meteorological boundary conditions  

Each simulation runs for 30 hours, and the meteorological boundary conditions for a hot summer day 

are provided by mesoscale climate simulations in 1km-resolution from the Weather Research and Fore-

casting Model (WRF), in turn initialized using CMIP6 MPI-ESM1-2-HR output. Therefore, it is crucial to 

choose a day representing the most common heat conditions in Tallinn, that will occur more often in the 

future. Andreas Hoy, a senior climate scientist at the Stockholm Environment Institute in Tallinn, was 

consulted as a local expert. Based on his expertise, we selected from the available climate data a day 

with low wind speeds, with wind direction changes in the early morning hours, and which was preceded 

by two hot days, as representative of a typical day in a substantial heatwave: July 28, 2014. The WRF 

simulation of this day does not reflect real conditions but rather climate conditions. The most relevant 

meteorological parameters for the microclimate simulations are depicted in Figure 44. The consistent 

incoming solar radiation together with the low windspeeds suggests autochthonous weather conditions, 

i.e., conditions driven by regional or local influences, rather than by large-scale synoptic systems.  

 

Figure 44: The meteorological boundary conditions from model WRF used as input in PALM-4U: overview on the 

most important parameters: wind speed, wind direction, incoming solar radiation and temperature. 

 

Domain extent and resolution  

The simulation extent in PALM-4U needs to include surrounding wind fields to allow cold air inflow from 

non-urban areas during nighttime. The most common considerations include land sea and mountain 

wind systems. The topography of Tallinn is rather flat with small variances, but due to the location of the 

city near the coast and to represent the effects of the usually prevailing south-westerly we extent the 

domain size further than the city-limits in north and west direction. The domain chosen for this simulation 

is shown in Figure 45. Aegna in the north of Tallinn is not simulated, as the focus is on relative changes 

of the urban areas of Tallinn. 
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Figure 45: Simulation domain for the city of Tallinn in PALM-4U. 

As the domain covers around 480 km2, a resolution of 10 m in horizontal and vertical direction was 

chosen to keep computational costs reasonable. This resolution allows to still resolve buildings, individ-

ual trees and fine-scale land-use changes.  

 

City structure information  

To simulate the microclimate as accurately as possible, highly resolved and recently updated static in-

puts are necessary to create the city structure applied in the reference scenario . The following Table 17 

gives an overview of the inputs, their sources, resolution and if known, the last update. 

 

Table 17: Overview on the static input parameters used for the PALM -4U simulations.  

PALM-4U input 

parameter name  

Source  If available, download link  Resolution  Notes  

Topography, dig-

ital elevation 

model  

Maamet Geoportal, 

Republic of Estonia 

Land and Spatial De-

velopment Board  

https://geo-

portaal.maaamet.ee/eng/spa-

tial-data/elevation-data/down-

load-elevation-data-p664.html 

5 m  

Vegetation /trees  Maamet Geoportal, 

Republic of Estonia 

Land and Spatial De-

velopment Board 

https://geo-

portaal.maaamet.ee/eng/spa-

tial-data/orthophotos-

p309.html 

20-40 cm NVDI approxima-

tions were taken 

from the Ortho-

photos to extract 

tree locations 

Buildings (height 

and footprint)  

Maamet Geoportal, 

Republic of Estonia 

Land and Spatial De-

velopment Board 

https://geo-

portaal.maaamet.ee/eng/spa-

tial-data/estonian-topographic-

database/download-topo-

graphic-data-p618.html 

/  
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PALM-4U input 

parameter name  

Source  If available, download link  Resolution  Notes  

Land use  Maamet Geoportal, 

Republic of Estonia 

Land and Spatial De-

velopment Board 

https://geo-

portaal.maaamet.ee/eng/spa-

tial-data/estonian-topographic-

database/download-topo-

graphic-data-p618.html 

/ The detailed land 

use information 

given was mapped 

to 14 PALM-4U 

land use types 

Buildings (age, 

insulation)  

Professional estimate 

by BEF Estonia and 

Tallinn representa-

tives 

/ / Approx. distribu-

tion of newer, 

more insulated 

buildings and 

buildings built be-

fore 1990 was 

given 

 

5.5.2 Output of PALM-4U 

The output data from PALM-4U includes 126 variables that capture the urban microclimate. They are 

available as hourly averages for the entire simulation period. The output includes surface temperature, 

air temperature, 3d-wind, and biometeorological indices such as the perceived temperature (Staiger, 

Laschewski, & Graetz, 2012), physiologically equivalent temperature (PET) (Höppe, 1999), and the uni-

versal thermal climate index (UTCI) (Jendritzky, de Dear, & Havenith, 2012). It is furthermore possible 

to calculate spatial or temporal maxima and minima for all available variables. The native output format 

of PALM-4U is netcdf4, which can easily be georeferenced and saved as raster files in common formats. 

From the output, the 2 m air temperature and the Universal Thermal Climate Index (UTCI) were selected 

as key variables to illustrate the impacts of projected urban structural changes and planned adaptation 

measures. These variables are particularly relevant because they directly represent human thermal com-

fort and allow the identification of localized heat stress hotspots across the urban fabric (Bruse, Huttner, 

& Ng, 2017). The analytical focus is placed on temperature dynamics and heat load assessments, which 

are most critical for understanding climate-related health risks and informing adaptation strategies 

(Huttner, Katzschner, & Bruse, 2023). 

The maximum 2 m air temperature highlights periods of daytime heat exposure and identifies urban 

hotspots most critical for health risks. The minimum 2 m air temperature reflects nighttime cooling and 

the persistence of heat stress through the urban heat island effect. Both indices are provided in degree 

Celsius. 

The UTCI provides an integrated measure of thermal stress by combining temperature, wind, humidity, 

and radiation, and is particularly meaningful for assessing overall outdoor human comfort during daytime 

when solar radiation plays a major role. It is not meaningful to consider mean or maximum UTCI values, 

as the index strongly depends on solar radiation and therefore on the sun®s angle, which changes con-

tinuously during the day and directly affects thermal stress levels. Consequently, the UTCI is typically 

assessed around 2 pm local time, as this period coincides with the daily maximum of combined meteor-

ological stressors (air temperature, solar radiation, and low wind speeds), thereby capturing the peak 

thermal load on humans (Jendritzky, de Dear, & Havenith, 2012). The unit is degree Celsius, which can 

be classified as different thermal heat stress levels, according to Jendritzky, de Dear, & Havenith, 2012: 

¶ > +46 °C: Extreme heat stress 

¶ +38 to +46 °C: Very strong heat stress 

¶ +32 to +38 °C: Strong heat stress 

¶ +26 to +32 °C: Moderate heat stress 
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¶ +9 to +26 °C: No thermal stress (thermal comfort zone) 

5.5.3 Scenario creation and implemented measures 

5.5.3.1 Scenario creation and overview 

In addition to the reference (or status-quo) simulation of the city®s microclimate, three future scenarios 

were built upon each other. Future city structures, projected in 10 -year intervals from 2030 to 2050, 

were developed in close collaboration with city rep resentatives and aligned with current urban planning. 

The 2030 scenario focused mostly on already envisioned measures and approved city plans. As detailed 

plans beyond 2035 are limited, the status-quo PALM simulation was used to identify hotspots for poten-

tial green adaptation measures, based on heat stress levels during both day and night. Measures based 

on the heat hot spot assessment for the 2040 and 2050 simulation were proposed to city representatives 

and implemented according to their feedback. An  overview of the workflow can be seen in Figure 

46Figure 46. 

 

Figure 46: Overview on the PALM-4U scenario creation and focus of each simulation. 

 

5.5.3.2 Implemented measures/actions by scenario 

The main sources for city changes and envisioned measures were the Tallinn Development Strategy 

2035 (Tallinn City Council, 2025), the bog renaturalization plan (Keskkonnaamet, 2023), the plans for 

the Port of Tallinn (Port of Tallinn, 2017), approved detailed city planning (Tallinna Linnaplaneerimise 

Amet, n.d.) and suggestions by Tallinn representatives. A general overview on the implemented 

measures and their respective timing is given in Figure 47, a detailed description of each measurement 

set is presented in Table 18.  
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Figure 47: Overview of implemented measures for each scenario in PALM-4U. 

 

Table 18: Overview on the implemented measures/actions within the PALM -4U scenarios.  

Source  Action  Model indicator  Scenario 2030  Scenario 

2040 

Sce-

nario 

2050 

Bog renaturali-

zation (Pääsküla 

raba kaitseala 

kaitsekorral-

duskava 

aastateks 2023-

2032) 

heath forest resto-

ration 

land use change 

to 50 % 'marsh' 

and 50 %® 

shrubs', alternat-

ing 

5 ha  none 10 ha 

lowland/degraded 

grassland preser-

vation / restora-

tion 

land use change 

to 'meadow' 

25 ha  none 20 ha 

transition peat-

land preservation 

/ restoration 

land use change 

to 'marsh' 

30 ha none 20 ha 

Tallinn Develop-

ment plan 2035 

/ detailed city 

planning 

construction of 

new buildings, 

city growth 

adding buildings, 

land use change 

to pavement 

types 

367 new build-

ings within de-

velopment ar-

eas (46 demol-

ished), addi-

tionally 15 ha 

sealed 

280 new 

buildings, 

additionally 

6 ha sealed 

none 

planting trees adding (young) 

trees, growing 

existing trees 

3805 new trees 

within develop-

ment areas 

2527 new 

trees 

3804 

new 

trees  

greening of 

streets based on 

thermal comfort at 

street level 

land use change 

('sealed' to 

'meadow® and 

­shrubs®) 

none 22 ha 26 ha 

unsealing of 

paved surfaces 

land use change 

('sealed' to 

'meadow') 

none 122 ha 183 ha 
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Source  Action  Model indicator  Scenario 2030  Scenario 

2040 

Sce-

nario 

2050 

based on heat hot 

spots 

renaturalization of 

sealed areas 

land use change 

('sealed' to 

'meadow', 

'marsh, 'forest') 

none 20 ha 38 ha 

Suggestion of 

city representa-

tives 

retrofitting of ex-

isting municipality 

buildings 

insulation 

changes (roof, 

walls, windows) 

none 75 build-

ings better 

insulated 

222 

build-

ings bet-

ter insu-

lated 

 

5.5.4 On the planting of trees 

The amount of newly planted trees per scenario is kept in accordance with city goals, which were stated 

to be at least 3000 additional trees until 2030. However, currently, there are no details about the planting 

locations. Therefore, for the 2030 scenario, the trees were assumed to be planted in the indicated de-

velopment areas by the Development Strategy. For the later scenarios, young trees were added next to 

new buildings and newly sealed areas, together with street greening and in renaturalization areas. The 

respective row in Table 18 refers to the total amount of planted trees from all these measures. An over-

view on the spatial distribution of the tree planting is shown in Figure 48. The districts Põhja-Tallinn and 

Kesklinn, in orange and yellow, respectively, were focused in the 2030 scenario according to the city 

plans. Lasnamäe (turquoise) was targeted in the later scenarios, as the sealed areas around the airport 

as well as the industry have a high potential for unsealing. Pirita (pink) in the north as well as 

Nõmme (blue) in the south are already green districts with high percentages of forests and natural areas. 

To simulate the microclimatic potential of the trees® as realistic as possible, newly planted trees were 

assumed to have small crown diameters and a height of max. 5 m. In the subsequent scenarios the 

previously planted trees were grown by assigning a new height and bigger crown diameter.  

 

5.5.5 On the implementation of street greenery 

To alleviate the heat load for cyclists and pedestrians, unsealing of lanes as well as incorporating street 

trees, was proposed for 36 distinctive streets. They were chosen based on the current thermal load 

during the daytime, as seen in the status-quo results. Domain modellers from the transport model were 

involved in creating a consistent approach, that balances traffic needs and a maximum of unsealing. The 

impact of the measures on the road spacing were also considered in the transport model. 

https://www.tallinn.ee/et/pohja
https://www.tallinn.ee/et/nomme
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Figure 48: Spatial overview of the number of added trees by PALM-4U scenario and district of Tallinn. 

 

5.5.6 On the implementation of the Development Strategy and detailed city planning 

As the Tallinn Development Strategy offers more of a strategic overview on so-called development ar-

eas, which refers to zones with potential for change and envisioned future developments, instead of 

concrete information about planned buildings, detailed ci ty plans were consulted and implemented in 

the indicated areas. If no detailed information on footprint, height and type of the additional buildings 

was found, realistic values for the city taken from existing residential or business zones were used. In 

total, around 45 plans labelled £Menetluses detailplaneering ¯, £Kehtiv detailplaneering¯ from the plan-

ning register have been adapted. Additionally, several key planning projects were indicated by Tallinn 

representatives. An overview and link to the respective plans is provided in Table 19. A general overview 

on the number of added buildings and their spatial distribution is given in Figure 49.  

 

Table 19: Suggested detailed plans (key planning projects) for implementation in the PALM -4U 

scenarios.  

Requested implementation  Link to detailed plan found Notes on implementa-

tion 

Järveotsa tee 20b https://tpr.tallinn.ee/DetailPlan-

ning/Details/DP047100 

Implemented 2040 

Vilmsi 53,55,57 area https://tpr.tallinn.ee/DetailPlan-

ning/Details/DP043680 and https://cit-

ify.eu/en/gonsiori-44-j-vilmsi-53d-53c/;  

Implemented 2040 

Vesilennuki street ja Lennusadama 

(Seaplane Harbour) area 

 https://www.ts.ee/wp-content/up-

loads/2020/01/Tallinn-Master-

plan_2030_Report_ENG_.pdf 

Implemented 2030 

https://tpr.tallinn.ee/DetailPlanning/Details/DP047100
https://tpr.tallinn.ee/DetailPlanning/Details/DP047100
https://tpr.tallinn.ee/DetailPlanning/Details/DP043680
https://tpr.tallinn.ee/DetailPlanning/Details/DP043680
https://citify.eu/en/gonsiori-44-j-vilmsi-53d-53c/
https://citify.eu/en/gonsiori-44-j-vilmsi-53d-53c/
https://www.ts.ee/wp-content/uploads/2020/01/Tallinn-Masterplan_2030_Report_ENG_.pdf
https://www.ts.ee/wp-content/uploads/2020/01/Tallinn-Masterplan_2030_Report_ENG_.pdf
https://www.ts.ee/wp-content/uploads/2020/01/Tallinn-Masterplan_2030_Report_ENG_.pdf







































































































