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Abstract: 

The increase of global average temperature depends linearly on the amount of carbon dioxide that is 

accumulating in the atmosphere. Consequently, the determination of a temperature target that should not be 

exceeded, corresponds to an amount of carbon dioxide that can still be emitted. This is referred to as a carbon 

budget. With the Paris Agreement, a global commitment to such a target exists. The signatories have pledged 

to hold “the increase in global average temperature to well below 2°C […] and to pursue efforts to limit the 

temperature increase to 1.5°C”. Although the wording leaves room for interpretation, the Paris Agreement can 

hence be translated into a remaining global carbon budget. The distribution of this budget amongst countries 

can be a way to close the gap between the committed target and Nationally Determined Contributions, which 

are submitted by each country but currently expected to lead to a warming of more than 2°C. Taking the concept 

of national carbon budgets further and sharing them out on a smaller scale can support municipalities in framing 

their mitigation targets and planning measures accordingly. 

In this regard, the aim of this thesis was to calculate a Paris-compliant carbon budget for the city of Rostock, 

Germany. This was done by sharing out the remaining global carbon budget amongst countries based on the 

notion of ‘common but differentiated responsibilities and respective capabilities’, which is part of the Paris 

Agreement. To reflect on this notion two different country classifications were applied which resulted in carbon 

budgets for Germany of 4 450 and 6 200 MtCO2 respectively up from 1st January 2021. For a share between 

German municipalities, the grandfathering principle was applied. It allocates a budget to a municipality 

depending on the proportion in national emissions. An inventory, which was prepared for this purpose, revealed 

that Rostock’s territorial emissions accounted for 0.12% of all-German emissions in 2017. Based on this share, 

Rostock would receive a budget of 5 500 to 7 600 ktCO2 up from 2021, depending on the country classification. 

The thesis found further that current mitigation targets were falling short of complying with the Paris 

Agreement. Currently, both Germany and Rostock are basing their efforts on budgets two to three times larger 

than what can be considered a fair contribution.  

 

Keywords: Sustainable Development, Carbon budgets, Local carbon budget, Climate targets, Paris 

Agreement, Emission inventory 

 

 

Luise Lukow, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden 

 

 

  



V 

 

A carbon budget for Rostock: Suggestions for a fair local 
contribution to the Paris Agreement in view of current climate 
targets 
 

LUISE LUKOW 

 

Lukow, L., 2020: A carbon budget for Rostock: Suggestions for a fair contribution to the Paris Agreement in

view of current climate targets. Master thesis in Sustainable Development at Uppsala University, No. 2020/42,

51 pp, 30 ECTS/hp

 

Summary: 

Global warming does not depend on greenhouse gases emitted in one year, but the cumulated amount released 

to the atmosphere. Research has proven a linear relation between global temperature increase and the sum of 

emitted carbon dioxide in the atmosphere. This means that a specific temperature target corresponds to a specific 

amount of carbon dioxide that can still be emitted. This amount is referred to as a carbon budget. The Paris 

Agreement defines such a target, which has been agreed upon by most of the countries worldwide. It entails to 

hold the global temperature increase to well below 2°C compared to pre-industrial times and to pursue efforts 

to limit the increase to 1.5°C. Based on the findings about carbon budgets, the Paris Agreement can be translated 

into a remaining global carbon budget and further be distributed amongst countries. As the sum of currently 

proposed mitigation targets falls short of complying with the agreement, carbon budgets could be a tool to 

overcome this discrepancy. Taking the concept of national carbon budgets further and sharing them out on a 

smaller scale can for example support municipalities in framing their mitigation targets and planning measures 

accordingly. 

In this regard, the aim of this thesis was to calculate a Paris-compliant carbon budget for the city of Rostock, 

Germany. This was done by sharing out the remaining global carbon budget amongst countries based on the 

notion of ‘common but differentiated responsibilities and respective capabilities’, which is part of the Paris 

Agreement. To reflect on this notion two different country classifications were applied which resulted in carbon 

budgets for Germany of 4 450 and 6 200 MtCO2 respectively up from 1st January 2021. For a share between 

German municipalities, the grandfathering principle was applied. It allocates a budget to a municipality 

depending on the proportion in national emissions. An inventory, which was prepared for this purpose, revealed 

that Rostock’s territorial emissions accounted for 0.12% of all-German emissions in 2017. Based on this share, 

Rostock would receive a budget of 5 500 to 7 600 ktCO2 up from 2021, depending on the country classification. 

The thesis found further that current mitigation targets were falling short of complying with the Paris 

Agreement. Currently, both Germany and Rostock are basing their efforts on budgets two to three times larger 

than what can be considered a fair contribution.  
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1. Introduction 

 

The Earth has been exposed to a changing climate numerous times over the course of its lifetime 

(Liebermann and Gordon, 2018). Global average temperature has been both several degrees above 

and below current values and hence provided different conditions for life on the planet (ibid.). There 

were times when most of Europe was covered under large ice shields or the Sahara was greened and 

a liveable place (ibid.). This was mainly determined by the amount and intensity of solar radiation 

reaching the Earth, but also activities and interactions of the Earth’s systems such as volcanic 

eruptions altered the climate. Humans had to adapt to changing conditions and were required to move 

in search for food. Over the last 10,000 years, the temperature has been relatively stable which 

allowed them to settle down and pursue agriculture (Liebermann and Gordon, 2018).  

Over the last decades it became apparent that humans do not only have to adapt to climatic conditions 

but that they are reversely also increasingly impacting the global climate and other processes of the 

Earth system (e.g. Le Treut, Cubasch and Allen, 2005; Steffen et al., 2015; IPCC, 2018). Since the 

beginning of the industrialisation the global average surface temperature has risen by approximately 

1°C (IPCC, 2018). This increase can be attributed to anthropogenic release of carbon dioxide (CO2) 

and other greenhouse gases (GHG). This includes the burning of fossil fuels, production of building 

material like cement and an intensified agriculture. The emitted greenhouse gases accumulate in the 

atmosphere where they further increase the already present greenhouse gas effect. While this effect 

at its pre-industrial level is essential to ensure a stable temperature on Earth and prevent it from 

cooling down to -18°C, current levels of GHG gases are higher than they have been over the last 

800,000 years (IPCC, 2014). The consequential changes in the Earth system are expected to lead to a 

sea level rise of several meters and cause more extreme weather events such as storms and droughts 

in the next eighty years and beyond. Alongside with other degrading activities such as land-system 

change, change of biochemical flows and ocean acidification, climate change does not only add 

pressure on food security issues and other aspects of our present societies (Steffen et al., 2015). It 

also endangers millions of animal and plant species, which is causing the sixth mass extinction 

(Ceballos et al., 2015). In the United Nation’s annual report on the Sustainable Development Goals 

in 2019, the demand to act on climate change was highlighted as it endangers all aspects of a 

sustainable development (United Nations, 2019). The Intergovernmental Panel on Climate Change 

(IPCC) published a synthesis report which clearly states that a 2°C warmer world would bear 

disproportionally higher risks and endanger significantly more lives than an increase of only 1.5°C 

(2018). Scenarios predict that with current efforts, a warming of approximately 3°C is likely (Raftery 

et al., 2017; UNEP, 2019).  

Climate change came onto the political agenda in the late half of the 20th century. With the 

establishment of the United Nations Framework Convention on Climate Change (UNFCCC) in 1992, 

a platform for international co-operation was created. Conferences of the Parties (COP) take place 

annually and present a forum for joint measures and negotiating climate action. In December 2015 at 

the COP21, the Paris Agreement was adopted by member parties to the UNFCCC (United Nations, 

2015b). In this agreement, the parties declared that they will respond to the threat of climate change 

by “holding the increase in the global average temperature to well below 2°C above pre-industrial 

levels and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels” 

(United Nations, 2015, p.3). A crucial part of the agreement is the notion of “equity and the principle 

of common but differentiated responsibilities and respective capabilities, in the light of different 

national circumstances” (United Nations, 2015, p.3). The member parties recognise that both 

mitigation and adaptation will be more challenging for some countries than for others and that the 

corresponding capabilities need to be reflected in each country’s commitment. In the absence of an 

agreed upon approach for sharing the responsibilities, countries were asked to individually submit 

Nationally Determined Contributions (NDCs) in which they state their efforts for contributing to the 

goals of the Paris Agreement. 
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However, up until today, annual GHG emissions are still growing (Friedlingstein et al., 2019). It has 

been criticised that the sum of all NDCs will most likely not prevent global warming from exceeding 

2°C. Instead it is expected that if all countries would fulfil their proposed targets, the world would 

aim for a warming of 2.6-3.1°C (Rogelj et al., 2016). Therefore, countries are currently reworking 

their NDCs. Germany is aiming to be “almost carbon neutral” by 2050 and the climate law pledges 

for an emission reduction of 55% in 2030 compared to 1990. According to the Climate Action 

Tracker, Germany’s mitigation targets are “highly insufficient”. They do not display a fair 

contribution and if all countries targets would be in this range, the world would warm by up to 4°C 

(Climate Action Tracker, 2019a).  

Although national governments are the ones to set targets and frameworks for climate mitigation, it 

is the task of municipalities to realise measures adapted to specific local circumstances (Theodoridou 

et al., 2020). Their connection to the public is much more direct than that of the national bodies. This 

gives the possibility and responsibility to initiate mitigation action, inform the population and set up 

adaptation measures (ibid.). The role of cities is also emphasised by the United Nations in their 

Sustainable Development Goals: “By 2020, substantially increase the number of cities and human 

settlements adopting and implementing integrated policies and plans towards inclusion, resource 

efficiency, mitigation and adaptation to climate change” (United Nations, 2015a). The German 

government set up a program in 2011 in which 19 municipalities were chosen to test the local 

implementation of the national mitigation targets. The city of Rostock became one of them, which 

led to the city council adopting a resolution in 2014. It stated that the city would reduce its emissions 

by 95% in 2050 compared to 1990 which appears to have followed the national target of carbon 

neutrality by 2050. Due to the indication that Germany’s mitigation targets fall short of the Paris 

Agreement, Rostock’s mitigation target might also need revising.  

Under the impression that voluntary and individually determined targets have failed to be sufficiently 

effective so far, other approaches might be more expedient. Such an example is the concept of carbon 

budgets. Research has shown that the relationship between global warming and accumulated carbon 

dioxide since pre-industrial times is almost linear (Van Vuuren et al., 2016; Rogelj et al., 2018). As 

a conclusion, the commitment to a certain temperature limit corresponds to an amount of carbon 

dioxide that can still be emitted. This holds for the total amount of CO2 emitted globally but can 

further be broken down to budgets on the national and subnational level. However, deriving an 

amount of carbon dioxide that each country is entitled to emit still, requires a consent on how to share 

the global budget. While this would ideally be done in a discussion and negotiation process between 

affected parties, this thesis intents to give an indication of what this could mean for the city of Rostock. 

It aims to answer the following questions: 

- How high is the remaining carbon budget for Rostock if it was to fairly contribute to the Paris 

Agreement?  

- Does the city’s mitigation target correspond to the proposed carbon budget? 

Several studies, which are proposing national carbon budgets, use a sharing principle based on the 

number of inhabitants per country (e.g. WBGU, 2009; Rahmstorf, 2019; SRU, 2020). This might 

initially be perceived as ‘fair’ in the sense that a group is treated equally (Cambridge Dictionary, 

2020). In face of currently existing large socio-economic inequalities between countries, a ‘fair carbon 

budget’ should go beyond that and incorporate aspects of justice by considering who has benefitted 

most from emissions in the past and present, who has the financial means for a more rapid mitigation 

and who is most vulnerable to the consequences of climate change (Meyer and Roser, 2016). With 

the signing of the Paris Agreement, parties to the UNFCCC have committed to the notion of ‘common 

but differentiated responsibilities and respective capabilities’ and shown that they aspire to fairness 

and justice in climate negotiations.  

There is no single right way for translating fairness into a budget. Instead, it is always based on certain 

assumptions and (although unintentionally) the author’s background and understanding (see 3.1.5 for 

further discussion). Without international consensus, the proposed budget can be as much as a 



3 
 

suggestion. To strengthen the claim of this thesis’s suggestion, a methodology has been chosen, which 

argues for a strong compliance with the Paris Agreement and which has previously been applied to 

several municipalities in Sweden and the UK (‘Koldioxidbudgetar 2020-2040’: Anderson et al., 

2018b; Tyndall Carbon Budget Reports, 2020). It acknowledges that mitigation will take longer for 

some countries if they want to simultaneously ensure that living conditions will improve for their 

inhabitants. Secondly, it is recognised that amongst industrialised countries, carbon budgets should 

not only be based on the number of inhabitants but consider that it is more difficult for regions with 

carbon-intense structures to decarbonise. This means that the budget should consider current levels 

of emissions. Therefore, answering the research questions required several steps: 

∙ Compiling data for an inventory of Rostock’s current carbon dioxide emissions (chapter 2).  

∙ Translating the commitments of the Paris Agreement into national carbon budgets and 

specifically a budget for Germany. Further apportioning a budget for Rostock based on its 

inventory (chapter 3). 

∙ Analysing current mitigation targets of Germany and Rostock and translating them into 

carbon budgets (chapter 4).  

∙ Comparing carbon budgets from chapter 3 and 4 (chapter 5). 

The first three steps required comprehensive but differing approaches. The calculation of the budget 

can be understood as a narrowing down from global to local, taking into account different aspects at 

different levels. Opposingly, the inventory identifies the quantity of emissions from distinct sources 

in Rostock to sum them up and derive an overview over the magnitude of these emissions. Translating 

current targets into carbon budgets is per se the conversion of the former in terms of the latter. It was 

refrained from having one chapter for all methodologies and another one for the results. Instead, each 

step was considered in a separate chapter with sub-sections for background, methodology and results.  

In the subsequent chapters, findings of the previous chapters were combined. In chapter 5, the 

determined carbon budget from chapter 3 was compared to the budget which has been calculated from 

existing mitigation targets. Chapter 6 proposes a mitigation pathway for Rostock which complies with 

the proposed budget and takes into account the current level of emissions. The thesis ends with a 

discussion and conclusion to compare different approaches for sharing a budget, and to present an 

outlook on further action.  
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2. Inventory of Rostock’s emissions 

The assessment of recent emissions is a precondition for devising climate mitigation strategies. For 

the so-called inventory, not only the amount of total emissions plays a role. Originating sources and 

the corresponding magnitude can help to identify fields of action and inform policies.  

2.1 Background 

Two different approaches for setting up an emissions inventory can be distinguished. The territorial 

one looks at emissions arising within a specific area. Conversely, consumption-based inventories 

trace back emissions that arise from the activities within certain territorial boundaries. The latter can 

also be referred to as a carbon footprint and is often found when assessing the emissions that can be 

attributed to an individual, a product or a company. Although the territorial inventory has been chosen 

for this thesis, the consumption-based approach has been brought up to emphasise emissions that will 

not be captured.  

2.1.1 Assessing territorial emissions 

A guideline for assessing territorial emissions was published by the Global Carbon Protocol, in which 

they make recommendations for determining an inventory (Fong et al., 2014). Most important is the 

clear definition of boundaries. This includes the setting of geographical boundaries, for example, the 

administrative area of a city, a district or the wider region. It is further recommended to limit the time 

frame to one year. All seven greenhouse gases examined in the Kyoto Protocol should be included: 

carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs), sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3). A complete 

inventory should include and distinguish between five sectors: stationary energy, transportation, 

waste, industrial processes and product use, agriculture, forestry and other land use (Fong et al., 

2014). 

Activities from within an area may release greenhouse gases within the same boundaries. They may 

also arise outside of the set boundaries, for example when a product is used within a city but has been 

produced in another place. In this context, the Global Carbon Protocol defines three scopes (Figure 

1). Scope 1 accounts for emissions that are occurring within the same area as the activity, such as 

transport in the city or locally produced electricity. In scope 2, emissions are added which arise from 

grid-bound energy consumption within the city, which is produced outside of it. Scope 3 covers all 

additional emissions that arise outside of the set boundaries but from activities within them (Fong et 

al., 2014).   

 

Figure 1. The three scopes of an emissions inventory as defined by the Global Carbon Protocol (Fong et al., 

2014, p.32) 
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2.1.2 Consumption-based inventories  

Another approach for accounting emissions is the consumption-based method. Emissions are assigned 

to where the corresponding activity occurs. In doing so, trade is being incorporated and the inventory 

displays the behaviour of a territory’s inhabitants instead of its industrial character. For years, China’s 

territorial emissions have been much higher than the consumption-based ones. The so-called net 

exporter has been producing goods for other countries, which in return were able to lower their 

territorial emissions (Ritchie, 2019). Most often, developed countries are considered as net importers, 

as their consumption-based emissions are higher than the ones arising on their land (Peters et al., 

2011).  

The difference in accounting can also be seen on the local level. A territorial inventory of the island 

of Gotland, Sweden, revealed that 86% of its emissions are accounted to the industrial sector. A large 

share of this comes from concrete production due to large resources of limestone on the island. Most 

of the concrete is being exported and therefore a territorial inventory does not reflect on the 

inhabitant’s actual energy consumption (Anderson et al., 2018a). Lombardi et al. (2017) distinguish 

between net consumer, net producer and trade-balanced communities. In cities like Graz (Austria) or 

King county (US), consumption-based emissions have been calculated using economic data such as 

purchasing behaviour (Fong et al., 2014; Pichler and Steininger, 2019). In both cases, emissions were 

more than two times higher than the results from territorial emissions.  

Nevertheless, the collection of consumption-based emissions is somewhat more difficult and city-

specific data is not always available in necessary detail. Scope 1 and 2 emissions are considered to be 

most applicable for a municipality who wants to set up mitigation strategies, as these scopes can be 

impacted through legislation and financial means (Fong et al., 2014). However, it should be kept in 

mind that climate mitigation strategies should not neglect emission sources outside the territory and 

also aim at reducing the inhabitants’ carbon footprint.  

 

 

2.1.3 The city of Rostock 

The city of Rostock is located at the Baltic Sea in the North-East of Germany in the state of 

Mecklenburg-West Pomerania. The city has a size of 181.4 km2 of which 41% is occupied with 

settlements and road infrastructure. Almost 26% of the land consists of forests and 19% is used for 

agricultural activities. The river Warnow, which widens in the city’s territory and flows into the Baltic 

Sea takes up 7% of the area (Kommunale Statistikstelle, 2019). The administrative boundary also 

displays the geographical boundary of the inventory. In December 2019, Rostock had 209 477 

inhabitants. The population is expected to grow by 3% until 2035 (Kommunale Statistikstelle, 2020). 

Within the state of Mecklenburg-West Pomerania, Rostock is the biggest city and one of the economic 

centres in the region. 

Up from 2011, Rostock took part in a pilot project called “Masterplan 100% Klimaschutz” (Master 

plan 100% climate mitigation). The project was initiated by the German federal government to test 

the national mitigation strategies. In a process of several years, current and past emissions were 

compiled, and measures and strategies were developed (Hilse and Dengler, 2014). In 2014 the city 

council adopted a resolution which declared that by 2050 Rostock would have halved its energy 

consumption and reduce greenhouse gas emissions by 95% in comparison to 1990.  

Since 1993, Rostock is part of the Climate Alliance, a network of European cities and municipalities 

working towards carbon neutrality. The alliance is working closely with indigenous people’s 

organisations in the Amazon Basin. Recognising the vulnerability of these people in the face of 

climate change and by financially supporting projects in the region, the city of Rostock appears to 

show a strong interest in contributing with a fair share to the achievement of the Paris agreement. 
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This commitment was further iterated when the city council declared climate emergency in 2019 

(Bürgerschaft Rostock, 2019).  

Rostock experienced a rapid drop in emissions after the reunification of Germany. Exemplary for the 

East-German regions, vast parts of the industry were shut down, in Rostock specifically the shipping 

sector. The number of inhabitants decreased by 20%. Further and with support from federal funds, 

buildings were renovated and improved their energy efficiency, and many households switched from 

coal-fired central heating to gas-based district heating. As a consequence, territorial per capita 

emissions had more than halved by 2010 (Figure 2). 

 

Figure 2. Energy demand and CO2 emissions for Rostock. The continuous lines show the development of energy demand 

and CO2 emissions from 1990-2018. Dotted lines reproduce the mitigation targets as decided by the city council assuming 

linear reductions. Note that this graph does not display the results from the inventory of this thesis but is based on a different 

method that has been used previously in the climate mitigation unit at the municipality. It is used here to illustrate the relative 

trend. The decimal separator is a comma, according to German notation. 
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2.2 Methodology 

An inventory of Rostock’s territorial emissions was chosen over a consumption-based method 

because it presents a more feasible scope of action for the municipality. Further, it has been chosen 

for methodological consistency. Current mitigation targets and Germany’s National Inventory Report 

are based on territorial emissions, and the calculation of the carbon budget in chapter 3 also requires 

territorial emission inventories. 

The baseline year was chosen to be 2017 as it was the most recent year with a broad availability of 

both local and national data. If data for this year was not available, it was substituted with other years 

and marked accordingly. In the National Inventory Reports, countries are required to report emissions 

from the seven greenhouse gases to the UNFCCC from five categories: energy, industrial processes 

& product use, agriculture, land use, land-use change & forestry (LULUCF), and waste. The carbon 

budget only takes into account carbon dioxide (see 3.1.1). The waste sector was thus excluded from 

the inventory as it only emits methane and nitrous oxide. The LULUCF sector was not considered in 

the budget and has also been left out of the inventory (see 3.3.1). Companies are required to annually 

report pollutants and greenhouse gases if they emit more than a certain threshold to the state agencies 

for agriculture and environment. The UBA publishes these results on www.thru.de. The website has 

been used to report on emissions from industrial processes. 

Energy-related emissions accounted for 93% of CO2 emissions (without LULUCF) in Germany in 

2017 (UBA, 2019b). Due to their large share they will be the focal part of the inventory. The climate 

mitigation unit at the municipality purchased the online software “Klimaschutz-Planer” (KS-P. See: 

www.klimaschutz-planer.de). The software was developed by the Climate Alliance and the Institute 

for Energy and Environmental Research Heidelberg (ifeu) to standardise emissions accounting for 

municipalities in Germany. It allows for comparison between different German municipalities and 

provides a number of pre-set data when acquisition is locally difficult. Furthermore, it has the option 

to briefly estimate emissions from the agricultural sector, based on the size of the agricultural land 

and the number of farm animals.  

The KS-P can be used to compile an emissions inventory based on energy consumption. The focus 

was on how much energy was used within the territory and how high emissions were to provide this 

energy (scope 1 and 2 in Fong et al., 2014, p. 32).  In the KS-P, emissions are determined indirectly, 

using the equation: 

𝐺𝐻𝐺 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑑𝑎𝑡𝑎 ×  𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (1) 

 

The term activity data describes the source of energy expressed in the unit Wh. This can be the amount 

of electricity consumed in a household or the energy needed for a car to travel a certain distance. The 

emission factor indicates how many grams (kilograms, tons) of greenhouse gases are emitted per unit 

of energy. The emission factor varies depending on the source of energy. The emission factors are 

already part of the KS-P, so that the user can simply enter data from different activities and the 

software calculates the corresponding emissions. KS-P includes the gases CO2, CH4 and N2O, so that 

a deduction of CH4 and N2O had to be done manually for the calculation of the carbon budget. 

There are various forms for data entry. The most accurate is to enter the total amount of consumption 

of a specific energy source. This was possible for grid-bound sources like natural gas or electricity. 

For other energy sources, estimates were used such as the number of furnaces or kilometres travelled 

by different vehicles. 

The KS-P assesses the sectors transportation, electricity and heating. Within electricity and heating it 

further distinguishes the consumer groups ‘households’, ‘small-scale industries, trade and services’ 

(GHD, from German: Gewerbe, Handel und Dienstleistungen), ‘industry’ and ‘municipality 

activities’. The industrial sector includes companies of the manufacturing industry with at least 20 

employees. These companies have to report their energy consumption annually to the regional 

authorities for statistics (Statistischer Bericht 2017: Statistisches Amt Mecklenburg-Vorpommern, 
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2019). Manufacturing companies with up to 19 employees are assigned to GHD, as well as crafts 

enterprises, the trade and service sector, forestry and agricultural businesses. In the municipality 

section (further abbreviated with KE for ‘kommunale Einrichtungen’), five groups are specified: the 

administration, public schools and kindergartens, other municipal property (e.g. firefighter, gyms), 

street lighting and the vehicle fleet of the administration. The vehicle fleet was not considered here 

because corresponding data was only partially available. Besides energy consumption, there is also 

the option to report energy production within Rostock’s territory. This was used to calculate local 

emission factors of electricity and heating. 

Compensation measures were not taken into account for the inventory. They can be a way to make 

up for emissions that cannot be avoided right now but ultimately for a carbon neutral world, these 

emissions need to be eliminated where they arise. And for that, they need to be captured in total. 

 

2.3 Data collection and processing  

 

2.3.1 Data sources 

Data on energy consumption and production, emissions and other information had to be acquired 

from different sources. These are listed in the table below (Table 1). 

Table 1. Data sources for emission inventory. 

Source Function Provided data for: 

Stadtwerke Rostock 

AG (SWRAG) 

Community-owned 

company for electricity and 

heating supply and operator 

of the grids for natural gas 

and district heating. The 

subsidiary SWRNG is 

operator of the electricity 

grid. 

- Total electricity consumption 

- Total district heating 

consumption 

- District heating consumption 

by households 

- District heating production by 

different plants 

- Total natural gas consumption 

- Electricity fed into the grid 

from wind power plants and 

photovoltaics 

Stromkontor Rostock 

Port GmbH 

Operator of the electricity 

grid of the Überseehafen 

(port)  

- Total electricity consumption 

at the port 

Schornsteinfeger-

Innung Mecklenburg-

Vorpommern 

Chimney sweeper guild of 

the state Mecklenburg-West 

Pomerania 

- Number of central heating 

furnaces run on natural gas, 

liquid gas and heating oil 

- Number of central heating 

furnaces run on wood and hard 

coal 

- Single-room combustion plants 

run on wood and hard coal 

Each category was further divided by 

power (4-11 kW, 11-25 kW, 25-50 kW, 

50-100 kW, >100 kW) 

Data is for the year 2019. 

Statistikstelle Rostock: 

Statistisches Jahrbuch 

2019 

Statistical Yearbook of the 

Municipality of Rostock, 

Statistics unit 

- Electricity consumption by 

households 
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- District heating consumption 

by industry sector 

Statistisches Amt MV: 

Statistische Berichte - 

Energieverwendung 

der Industriebetriebe in 

Mecklenburg-

Vorpommern 2017 

Statistical report about the 

energy consumption of 

industrial companies in 

Mecklenburg-West 

Pomerania 2017, Statistics 

Agency of Mecklenburg-

West Pomerania 

- Consumption of natural gas, 

electricity and heating oil by 

industry sector 

- Agriculturally used land 

KOE - Eigenbetrieb 

Kommunale 

Objektbewirtschaftung 

und -entwicklung der 

Hanse- und 

Universitätsstadt 

Rostock 

Community-owned 

company for the 

management of municipal 

buildings 

- Electricity, district heating and 

natural gas consumption of 

municipal buildings 

Rostocker Straßenbahn 

AG (RSAG) 

Community-owned 

company for bus and tram 

services 

- Kilometres travelled by bus 

and tram 

- Electricity consumption of 

trams 

- Diesel consumption of busses 

Rebus Rostock GmbH Bus company for the wider 

region 
- Kilometres travelled by bus 

- Diesel consumption per 

kilometre 

Amt für 

Verkehrsanlagen 

Traffic department at the 

municipality 
- Estimates on the volume of 

traffic 

Umweltbundsamt Federal Environment 

Agency 
- Kilometres travelled by 

passenger cars, lorries, 

motorbikes, light-duty 

commercial vehicles. Further 

divided by driving on 

motorways, in built-up areas or 

outside built-up areas 

Pre-set by KS-P 

Deutsche Bahn AG German railways - Energy consumption of local, 

regional and nationwide trains 

Pre-set by KS-P 

Stabsstelle 

Mobilitätsmanagement 

Mobility management unit at 

the municipality 
- Modal split in Rostock 

Veterinäramt Veterinary department at the 

municipality 
- Number of farm animals 

(chicken, sheep, pigs, goats, 

cows) 

Data from March 2020 

Umweltamt Environmental department at 

the municipality 
- Data from the inventory for 

2010 

- General information on energy 

production and consumption in 

the city 

KS-P Software used for inventory - Consumption of district heating 

by sector 

- Emission factors  
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2.3.2 Electricity consumption and emissions 

Data on electricity consumption was obtained from several sources (Table 2). The SWRAG provided 

numbers on the total electricity consumption in this grid (694 GWh) and the amount consumed by 

households (208 GWh). The seaport in the Northeast of the city has its own electricity grid which is 

run by Stromkontor Rostock Port GmbH. It accounted for 102 GWh. The industrial sector used 

138 GWh and municipal buildings needed 21 GWh (including streetlights). The modelling software 

for traffic and the information by the public transport company indicate that 26 GWh were needed 

for electric vehicles (see section 2.3.7). The remaining 403 GWh were attributed to the GHD sector.  

Table 2. Electricity consumption in 2017 by sector. 

 Households GHD Industry KE Traffic  Total 

Electricity 

consumption 

(MWh) 

208 350 402 611 138 768 20 198 25 977 795 705 

Data source Statistikstelle 

Rostock 

Remaining 

value 

Statistisches 

Amt MV 

KOE KS-P and 

RSAG 

SWRAG 

 

Table 3 provides an overview over electricity production in Rostock in 2017. The cogeneration plant 

(‘Gas- und Dampfturbinenanlage’, short: GuD) is run by the SWRAG and produces both electricity 

and district heating from natural gas. The coal-fired power plant is privately owned and produces 

electricity which is fed in the national grid. Resulting waste heat is fed into the district heating grid. 

For the GuD and the coal-fired power plant, input energy had to be estimated as concrete numbers 

were not available at the point of completion of the thesis. SWRAG states that the GuD has a total 

efficiency of 85%. It produced 404 GWhh of district heating and 342 GWhe electricity. It is therefore 

estimated that the natural gas input equalled 878 GWh. The coal-fired plant reported emission of 

2 320 ktCO2 (www.thru.de). This corresponds to 6 884 GWh from hard coal. With a power efficiency 

of 43%, it is estimated that 2 960 GWh electricity was produced. 15 GWh were fed into the grid from 

photovoltaics and 53 GWh came from wind turbines (SWRAG).  

Table 3. Electricity production in the territory of Rostock in 2017. 

Electricity production Output (MWh) Emission factor (tCO2/MWh)1 

GuD 341 930 0.4748 

Coal-fired power plant 2 960 237 0.9777 

Wind power 52 875 0.0100 

Photovoltaics 15 115 0.0400 

 

Calculating greenhouse gas emissions from local electricity consumption bears some difficulties in 

data acquisition. Households and companies can choose their energy provider freely and every energy 

provider has a different mix of energy sources. There is no available database, which lists every 

electricity provider and the share of electricity they feed into Rostock’s grid, alongside the 

corresponding emission factor. There are two basic methodologies for determining emissions from 

electricity. A strictly territorial approach would base emissions on electricity produced within the 

city’s boundaries. In the case of Rostock, this would mean that the energy mix consists largely of 

natural gas from the GuD plant and the coal-fired power plant. The latter happens to be placed on 

Rostock’s territory, but the municipality has no impact on the operation, as it is privately owned. 

According to current plans, the coal-fired power plant would be one of the last ones to shut down in 

2038. As a consequence, emissions would remain high over the next years even if the city would 

invest in renewable energies.  

 
1 The emission factors were calculated by the KS-P using the Carnot method for joint production of at least 

two energy products. They might differ from the providers’ calculations if a different method was applied. 
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The KS-P recommends calculating emissions based on the emission factor of the federal mix 

(0.554 tCO2e/MWh in 2017). This method allows to include all emissions from a national perspective. 

On the other hand, it reduces the scope of action for a municipality as it neglects emissions from 

energy production that can be impacted, such as the GuD plant that belongs to the SWRAG.   

A compromise between the two methods has been chosen here. It is known that 36.5% of electricity 

was provided by SWRAG to their customers. Wind turbines and photovoltaics produced 7.5% of 

electricity (emission factors of 0.01 and 0.04 tCO2/MWh, according to KS-P). The remaining 56% 

were multiplied with the emission factor of the federal mix. A comparison between the results of 

different calculation methods can be found in Table 4. 

Table 4. Emissions from electricity consumption in 2017. 

Emissions from electricity 

consumption 

Total (tCO2e) Per capita 

(tCO2e/capita) 

Emission factor 

(tCO2/MWh) 

Territorial electricity mix 566 978 2.72 0.713 

Federal electricity mix  440 820 2.12 0.554 

SWRAG mix for customers + 

federal mix for remaining share 381 390 1.83 0.480 

 

 

2.3.3 District heating consumption 

The district heating network covered around 45% of the grid-bound heat demand. It is run by the 

SWRAG and supplies two thirds of Rostock’s households (SWRAG, 2020). In 2017, approximately 

45% of the heat was produced in the GuD, 17% in other combined heat and power plants and 38% 

was waste heat from the coal-fired power plant.  

As SWRAG is the main supplier of district heating, they were able to specify the amount of district 

heating consumed by households. The share of the industry sector had been deduced from state 

statistics by KS-P and was pre-set. Based on KOE data, consumption in municipal buildings was 

added up. The remaining amount was assigned to the GHD sector (Table 5). 

Table 5. District heating consumption in 2017 by sector. 

 Households GHD Industry KE Total 

District heating 

consumption (MWh) 

511 025 141 220 48 466 43 055 743 766 

Data source SWRAG Remaining 

value 

KS-P KOE SWRAG 

 

There are a few local heat networks, for example in the districts Warnemünde and Brinckmannsdorf. 

Heating plants are run on natural gas and account for appr. 6 650 MWh. A distinction between sectors 

was not given, therefore it was assumed that households consume the same ratio as from district 

heating and the rest was assigned to GHD. Brinckmannsdorf is mainly a housing area and 

Warnemünde is dominated by housing as well as touristic facilities like hotels, restaurants and smaller 

shops. 

 

2.3.4 Natural gas consumption 

In total, 887 GWh of natural gas were consumed in the four sectors (Table 6). This does not include 

natural gas that was used for electricity and district heating production. The statistical yearbook 

assigns 235 GWh to the industrial sector (Kommunale Statistikstelle, 2019). 2 200 MWh are 
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consumed by municipality facilities. The share of the remaining natural gas between households and 

GHD had to be estimated. According to the SWRAG, 66% of households are connected to the district 

heating network. Out of 119 895 flats, this leaves around 40 750 which are not using district heating. 

An estimate of 350 households was using heat pumps and night storage heating. Based on data 

provided by chimney sweepers, 94.6% of central heating furnaces were using natural gas. In Rostock, 

a flat had a size of 65.5 m2 on average (Kommunale Statistikstelle, 2019). Assuming an annual gas 

consumption of 160 kWh/m2, households were estimated to consume approximately 400 GWh of 

natural gas in 2017. This leaves 250 GWh for the GHD sector. It should further be noted that natural 

gas is also used for warm water and cooking. In 2017, this accounted for 2.6% of natural gas 

consumption and has therefore not been considered separately. 

Table 6. Natural gas consumption in 2017 by sector. 

 Households GHD Industry KE Total 

Natural gas 

consumption (MWh) 

400 524 249 875 234 929 2 169 887 497 

Data source Estimate Remaining value Statistisches Amt MV KOE SWRAG 

 

 

2.3.5 Other stationary energy sources 

Besides grid-bound, there are other energy sources which provide heating. They are installed in 

houses directly, thus the information base is smaller, and uncertainties related to it are higher. The 

KS-P accounts for those emissions by requesting the number of central heating plants, sorted by 

energy source and power. These were provided by the chimney sweeper guild. Heating plants with 

more than 100 kW were assigned to the GHD sector, smaller ones to households. Further input comes 

from the KS-P. The consumption of each heating plant is based on average annual values, which are 

part of the software (Table 7). 

Table 7. Energy consumption of other stationary sources (2017). 

 Households GHD Industry Total 

Biomass consumption (MWh) 15 391 1 800 0 17 191 
Data source Chimney sweeper Chimney sweeper No data 

available 

Sum 

Liquid gas consumption (MWh) 5 530 840 0 6 369 
Data source Chimney sweeper Chimney sweeper No data 

available 

Sum 

Heating oil consumption (MWh) 17 806 9 761 19 033 46 600 
Data source Chimney sweeper Chimney sweeper KS-P 

 

Sum 

Hard coal consumption (MWh) 895 0 12 711 13 606 
Data source Chimney sweeper Chimney Sweeper KS-P 

 

Sum 

 

 

2.3.6 Emissions from heating consumption 

Apart from the above mentioned, the KS-P gives an estimate on the amount of other renewable and 

conventional energy sources. Information on biogas, lignite and solar thermal energy was not 

available, neither locally nor in the software. In Table 8, all energy sources for heating consumption 

are listed as well as their corresponding emission factors and greenhouse gas emissions. Almost 50% 

of heating was supplied by natural gas which causes 55% of GHG emissions. District heating 

accounted for 41% of the consumption with correspondingly 38% of the emissions. A total of 

1 800 GWh was consumed which released 395 ktCO2e. 
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Table 8. Energy consumption, emission factor and greenhouse gas emissions per energy source in 2017. 

Energy source Energy consumption 

(MWh) 

Emission factor 

(tCO2e/MWh) 2 

GHG emissions 

(tCO2e) 

Biomass 17 190 0.022 378 

Natural gas 885 328 0.247 218 676 

District heating 743 766 0.200 148 470 

Liquid gas 6 370 0.276 1 758 

Heating oil 46 600 0.318 14 819 

Local heating 6 654 0.323 2 154 

Other renewable energy sources 91 918 0.025 2 298 

Other conventional energy sources 1 743 0.330 575 

Hard coal 13 606 0.438 5 959 

Total 1 813 175 0.218 395 087 

 

2.3.7 Transportation 

For road traffic, the Klimaschutz-Planer resorts to the GRETA tool (Gridding Emission Tool for 

ArcGIS) from the federal environmental agency (Dünnebeil, 2017). It builds on measuring stations 

in the whole of Germany and models traffic behaviour accordingly. It further distinguishes between 

the kind of road (highway, inner-city, outer city) and the mode of transportation (car, light commercial 

vehicles, trucks, motor bikes, busses; Table 9). In sum, vehicles in the territory covered a distance of 

1 004 million kilometres in 2017 according to GRETA. 

Within the municipality at the department for traffic infrastructure, the modelling software VISUM is 

used to estimate the kilometres travelled in the city. According to a member of staff, it discloses 2 136 

million kilometres travelled by vehicle daily. Additional 20 000 km are travelled in the tunnel 

crossing below the Warnow. The two transportation companies reported 5.126 million kilometres 

annually covered by bus, which are not part of VISUM. This sums up to 791 million kilometres per 

year. Not included in the VISUM model is search traffic, traffic on side roads and traffic between the 

cells of the model. This is assumed to explain the difference of 213 million kilometres between the 

GRETA and VISUM models. For the inventory, the data from GRETA was chosen due to a more 

detailed distinction between road users. For busses though, the local bus companies RSAG and rebus 

were able to provide more exact data on kilometres travelled, which were used instead of the modelled 

results. The RSAG further provided the amount of diesel used by busses, and the kilometres travelled 

and electricity consumed by its trams. Rebus specified diesel consumption per 100 km, which was 

used to calculate the busses energy demand.  

Table 9. Kilometres travelled per type of vehicle in 2017. Data for busses from the local bus companies, other 

data from the GRETA tool. 

Road traffic Thousands of 

kilometres travelled  

Cars 862 845 

Light commercial vehicles 70 912 

Trucks 38 462 

Motor bikes 27 782 

Busses 5 126 

 
2 Emission factors are set by the KS-P and published in Hertle et al., 2019. Factors of district and local 

heating are based on software-internal calculations based on the Carnot method. Due to an estimate of the 

energy input to the power plants, these might differ from the emission factors determined by the providers 

(see also 2.3.2 Electricity consumption and emissions). 
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The Deutsche Bahn (German railways) provided information on energy consumption of their train 

services (Long distance trains, regional trains, rail freight transport) to the KS-P. The airport Rostock-

Laage is outside the city’s territory and was not considered. Inland navigation includes shipping on 

the river Warnow but not the cruise ships, vessels and ferries that are leaving the city via the Baltic 

sea.  

Table 10. Energy consumption and greenhouse gas emissions per vehicle, 2017. Emission factors and 

calculations can be found in the appendix (11.1, 11.2). 

Vehicle type 
Energy consumption 

(MWh) 

GHG emissions 

(tCO2e) 

Cars 593 507 187 398 

Light commercial vehicles 55 240 17 486 

Trucks 100 684 31 908 

Motor bikes 9 373 2 957 

Rail freight transport 1 327 630 

Long-distance passenger trains 639 354 

Regional trains 14 433 7 460 

Trams 11 906 6 596 

Regional busses 22 983 7 283 

Inland navigation 2 1 

Total 810 094 262 073 

 

 

Table 10 summarises the energy consumption and greenhouse gases by vehicle type. The share of 

greenhouse gases by vehicle type are further displayed in Figure 3. In sum, the traffic sector accounted 

for 262 ktCO2e. This was dominated by emissions from cars who were responsible for almost three 

quarter of all emissions. The share of emissions from public transport amounted for 8%.  

 

Figure 3. Share of greenhouse gas emissions arising from traffic by vehicle type (the figure derived from the 

KS-P online tool). 
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2.3.8 Industrial processes 

Emissions from industrial processes are not included in the KS-P and will only be considered briefly. 

Under the EU Commission Regulation (EC) 166/2006, the release of pollutants and greenhouse gases 

has to be reported and made public if it exceeds a certain threshold. In Germany, this is done by the 

Federal Environmental Agency (UBA) and the responsible local authority. The results are published 

online at www.thru.de. A company has to report carbon dioxide emissions if they are higher than 

100 kt per year. For Rostock in 2017, this concerned only the energy sector, respectively the GuD 

plant in Marienehe and the coal-fired power plant. These are considered in section 2.3.2. It should be 

noted though that the coal-fired power plant releases 82.3 t nitrous oxide which equals 21 809 t CO2e 

(thru.de).  

 

2.3.9 Emission sources not included in the inventory 

The following aspects have not been considered in this study and require further investigation: 

The port of Rostock and the associated industry is an important economic sector. 7 744 ships entered 

the port in 2019, of which 196 were cruise ships with 634 000 passengers (Rostock PORT, 2020). 

With 3 200 passengers on average, each ship requires the energy of a small town. Estimates assume 

a demand of 91-102 MWh per cruise ship (Heinicke and Weiße, 2015). Vessels and ferries add further 

emissions, which have not been quantified yet. It can be debated whether shipping emissions should 

be part of the inventory. They arise within the territory, but the ships are loaded with freight of which 

a large fraction is being transported and consumed outside of the territory. They should only be 

excluded if it can be ensured that they are accounted for elsewhere. 

The 100 kt threshold for reporting industrial process emissions equals 10% of Rostock’s total 

emission. It needs further investigation whether some companies are below the threshold but would 

still largely contribute to the inventory. 

The KS-P calculates an estimate of emissions arising from agriculture, which is based on the size of 

agricultural land and the number of farm animals. This is only reported for information, as a reliable 

statement would require further data input, for example on the share of organic farms or the amount 

of fertiliser applied. The KS-P estimate amounts for 4 716 tCO2e. Of these, approximately 200 tonnes 

would stem from carbon dioxide (applying the share of 4.4% of CO2 in total emissions from the 

agricultural sector in Germany’s GHG inventory (UBA, 2019b)). This number has not been 

considered further due to high uncertainties related to it.  
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2.4 Inventory results 

 

2.4.1 Emissions inventory for 2017 

Summarised in Table 11 is the result of the inventory of Rostock’s emissions. In total, 1 040 ktCO2e 

were emitted. The largest single share can be attributed to electricity consumption with 381 ktCO2e. 

However, the sum of all energy sources for heating production accounted for almost 400 ktCO2e. One 

fourth of emissions arose from transportation. Consequently, cars are responsible for 17% of all 

emissions arising in Rostock.   

Table 11. Greenhouse gas emissions by source and in total for Rostock in 2017. 

 Greenhouse gas 

emissions (tCO2e) 

Electricity 381 390 

Natural gas 218 676 

District heating 148 470 

Other stationary energy sources 27 941 

Transportation 262 073 

Industrial processes 0 

Total 1 038 550 

CO2-only emissions 1 014 767 

 

 

 

From a sectorial perspective, households are the 

main emitters of greenhouse gases. They are 

responsible for 30% of the total amount. Small-

scale industries, trade and services accounted for 

28%, industry for 15% and municipal buildings 

(including administration, schools and other 

buildings such as fire stations) and streetlight for 

2%.  

For the calculation of the remaining carbon 

budget in the next chapter, the share of carbon 

dioxide in total emissions was determined. 

According to the German inventory for 2017, 

97.71% of energy-related emissions were CO2. 

This percentage was applied to Rostock, which 

results in a total of 1 015 ktCO2 emissions for 

the year 2017.  

 

  

Figure 4. Share in emissions by sector. 

KE – municipal buildings and street lightning 

GHD – small-scale industries, trades and services 
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2.4.2 Comparison of inventories from 2010 until 2017  

The last inventory of Rostock’s emissions was done in 2013 for the year 2010 (Hilse, Dengler and 

Zorn, 2013). An analysis of the development of emissions is difficult due to methodological 

differences. Table 12 shows that although energy consumption has gone down by 9% between 2010 

and 2017 (1.3% p.a.), emissions went up by 12% (1.7% p.a.). Several aspects are impacting this: the 

emission factor for electricity was stated much lower in 2010 with 0.36 tCO2/MWh while it was 

0.48 tCO2/MWh in 2017. There were only minor changes in terms of local energy production. Thus, 

it is assumed that the difference lies in the calculation of the emission factor itself. Especially the 

allocation of emissions from co-products (e.g. when both electricity and district heating are produced 

in one plant) can be done variously. The KS-P uses the Carnot method, but it was not traceable how 

it was done for 2010.   

Secondly, the transportation sector was analysed differently. While the KS-P provided data from the 

national modelling software GRETA strictly based on territorial emissions (see 2.3.7), the 2010 

inventory was based on the number of registered vehicles and then multiplied with an average value 

for travelled kilometres. Hence, it also differed as calculations were of Rostock residents’ vehicle 

emissions, inside and outside of the city, rather than vehicle emissions within the city’s territory.  

Table 12. Energy consumption and GHG emissions in Rostock 2010 and 2017. 

Sector 
Energy consumption (GWh) Greenhouse gas emissions (ktCO2e) 

2010 2017 2010 2017 

Heating 1 991 1 813 393 396 

Electricity 775 796 279 381 

Transportation 993 810 225 262 

Total 3 759 3419 927 1 039 

 

It was not possible to compare total emissions from 2010 and 2017 based on the available data. Some, 

like the number of central heating plants had not been collected in the past, so that a comparison 

would lack substantial aspects. For a further understanding of the development of emissions, the four 

main sources for emissions, electricity, natural gas, district heating and transportation were examined 

based on data that was available for these years from the same sources. This was used to explore 

potential trends. 

The total amount of electricity consumption was 2% higher in 2017 than in 2010. This can largely be 

attributed to the seaport where consumption had increased from 57 GWh in 2010 to around 100 GWh 

seven years later (Hilse, Dengler and Zorn, 2013). As this is more than the total increase of 15 GWh, 

the opposing trend can be expected from other sectors. The data provided by SWRAG implies that 

electricity consumption per household has decreased by 5%. Electricity from renewable energies fed 

into the grid accounted for 68 MWh in 2017 (see Figure 5). While it is four times larger than in 2010, 

it produced only 8% of the energy that was consumed in the territory.  

 

Figure 5. Fed-in electricity from wind power plants and photovoltaics. Numbers for 2012 were not available. 
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Grid-bound heating consumption has been relatively stable over the past years. Figure 6 shows the 

consumption of natural gas and district heating. The black horizontal lines indicate the weather 

adjusted heating consumption, which takes into account the variance in temperature of each year 

compared to the long-time average. A trend towards energy reduction is not identifiable, would 

however require further investigation. This regards for example the development of the number of 

central heating plants and if they have been replaced by or replacing grid-bound heating.  

 

Figure 6. Consumption of natural gas and district heating. The black lines display weather adjusted 

consumption of natural gas and district heating. 

The KS-P provided numbers on transportation based on the GRETA model for 2010 until 2017 

(Figure 7).  Road traffic has grown over the past years. In 2017, vehicles on the streets covered a 

distance 10% longer compared to 2010, while the number of inhabitants only grew by 3%. Emissions 

rose by three percent within the whole transportation sector. The growth can be attributed solely to 

the road traffic and inland navigation, while railbound traffic decreased. 

 

Figure 7. Development of greenhouse gas emissions arising from vehicles between 2010 and 2017.  
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Although a comparison between 2010 and 2017 is not directly possible, there is evidence that a 

significant reduction of emissions did not take place. The linear emissions pathway which was 

proposed to get to a 95% reduction in 2050 entailed that emissions should have decreased by 15% in 

2017 (appr. 2% p.a.) but there is no indicator that would support this. Although some sectors like 

households had a decrease in emissions, others like transportation even show an increase. Overall, it 

is presumed that emissions are more or less stagnating.  

 

 

2.5 Limitations 

Rostock’s emissions inventory has been determined based on available data and with the aim to align 

with the carbon budget methodology. While this includes the majority of territorial emissions, it has 

no claim to completeness. Missing aspects are the exact determination of emissions from central 

heating plants, emissions from shipping, other greenhouse gases and the investigation of industrial 

emissions that are below the national threshold.  

Further limitations are related to emissions from electricity and the determination of the emission 

factor of the local electricity mix. The method that is used here applies the local emission factor but 

disregards the coal-fired power plant. It has been excluded because the plant is privately owned, 

emissions cannot be attributed directly to Rostock’s inhabitants and apart from terminating the 

purchase of waste heat for district heating, the municipality has little direct impact on the operation 

of the plant. However, emissions from the plant would triple the current result. Excluding the plant 

from the inventory (and consequently from the remaining carbon budget) entails the danger of 

outsourcing the responsibility for an emission reduction without determining who will take on this 

task. A shift towards renewable energies requires a shift from centralised plants for energy production 

to decentralised and numerous smaller sources all over the country. In this regard, it might not be 

Rostock’s responsibility to account for emissions from the coal-fired power plant. What the city is 

responsible for is the expansion of renewable energy sources to make fossil fuels redundant.  

Referring back to the two inventory approaches that have been introduced in the background section, 

another limitation aspect becomes apparent. By choosing to capture territorial emissions, 

consumption-based emissions are (partially) excluded. The chosen inventory does not account for 

emissions that arise when houses are built, roads constructed, or exotic fruits bought. Not quantifying 

these emissions can potentially leave the impression that they do not need to be considered further in 

mitigation strategies and policies. However, the opposite is the case. Although these emissions do not 

arise in the territory, Rostock is still benefiting from their release and should therefore include them 

in its considerations. 
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3. A carbon budget for Rostock 

This chapter entails the calculation of a carbon budget for Rostock. The background section (3.1) 

covers a brief introduction to the underlying scientific concept of a global carbon budget, followed 

by an overview over different ways and examples for sharing this budget. Rostock’s carbon budget 

is based on examples from Sweden and the UK. The corresponding calculation method will be 

outlined in 3.2 and then concretised in the result section 3.3. 

 

3.1 Background 

3.1.1 Scientific background 

A carbon budget is the conceptualisation of the link between the amount of emitted carbon dioxide 

and the corresponding temperature rise. It had already been discussed in the late 1980s but was 

dismissed due to a lack in research (Lahn, 2020). It was assumed that not only were the amount of 

emissions relevant but also the time when it was emitted. New findings in the last ten to 15 years 

could refute this assumption. It could be proven that the relation between accumulating carbon dioxide 

in the atmosphere and the peak global mean temperature is approximately linear and independent of 

time (see for example Knutti and Rogelj, 2015; Van Vuuren et al., 2016; Rogelj et al., 2018). 

Consequently, the amount of emitted carbon dioxide can allow for drawing conclusions on a certain 

temperature increase. Conversely, setting a limit to global warming (such as in the Paris Agreement) 

can be combined with a distinct amount of emissions, the carbon budget, that can still be released into 

the atmosphere.  

Although the linear relationship has been proven, the carbon budget is still subject to ongoing research 

and linked to a number of uncertainties. This concerns for example the impact of other non-CO2 

emissions and the exact determination of the transient climate response to cumulative carbon 

emissions (Rogelj et al., 2018). Emissions from Earth system feedbacks, like permafrost thawing, can 

further diminish the budget. In its special report SR1.5 (2018), the IPCC synthesised research on 

carbon budgets and published a table (Table 13), which allocates the remaining budget to a certain 

temperature increase. It displays the uncertainties in the sense that budgets are combined with a 

likelihood of staying below a temperature limit. For example, for a 67% chance of staying below 

1.5°C, 420 GtCO2 can still be emitted.  

Table 13. Remaining carbon budgets up from 1.1.2018. The table is an excerpt from the IPCC SR1.5 (Rogelj 

et al., 2018, p. 108, table 2.2). The budgets are displayed depending on the likelihood for a specific temperature 

increase. Not included here are the uncertainties related to feedbacks etc. See SR1.5 for more information. 
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It should be noted that the budgets in the table only include CO2 emissions. Other greenhouse gases 

might have a higher global warming potential but a shorter lifetime (Allen et al., 2018). Exemplarily, 

while carbon dioxide accumulates in the atmosphere for more than a hundred years, methane has a 

lifetime of approximately nine years. If peak warming occurs around 2050, the total amount of carbon 

dioxide released until then but only methane emitted nine years prior will have an impact. The 

different lifetimes and global warming potentials have been accounted for by the IPCC in the 

determination of the carbon budget. If more non-CO2 gases will be emitted than accounted for there, 

the budget for carbon dioxide will be even smaller.  

 

 

3.1.2 Sharing a budget 

Various approaches can be taken as a basis for distributing the remaining global carbon budget 

amongst countries. They differ in their understanding of equity, capabilities and common but 

differentiated responsibilities (Raupach et al., 2014; Anderson, Stoddard and Schrage, 2017; Alcaraz 

et al., 2018). 

The most simple and often considered as egalitarian, is the population-based approach. The remaining 

budget is shared out between the countries depending on their share in worldwide population (e.g. 

Raupach et al., 2014). However, this approach neglects social and economic conditions that 

characterise a country and its ability to decarbonise (Anderson, Broderick and Stoddard, 2020). 

The “ability-to-pay” principle assigns budgets according to financial capabilities. Financially wealthy 

countries (e.g. with a high GDP) are expected to have more means for a fast transition towards low 

emission societies via the expansion of renewable energies and the like. Less wealthy countries might 

need longer for this transition if they want to ensure that living conditions for their inhabitants increase 

at the same time (Anderson, Stoddard and Schrage, 2017). The “polluter-pay” principle assigns 

budgets inversely to emission levels. Countries with high emissions have a smaller budget (ibid.). 

Similarly, historic responsibility can be taken into account (WBGU, 2009). Countries with a high 

carbon output in the past receive less of the budget. Countries with low levels of emissions are allowed 

a higher budget.  

The grandfathering or sovereignty principle originates from the notion that it might be more difficult 

for a country with a carbon-intense economy to decarbonise. This “inertia” is accounted for by 

allocating the budget shares somewhat proportional to past emissions (Anderson et al., 2018b). This 

way, a country with a high emission level receives a bigger share of the budget which allows for 

adapting measures which result in a smoother transition towards climate neutrality. 

The described principles adhere to different degrees to the Paris Agreement. It is often argued that 

grandfathering would favour industrialised countries and in that regard disadvantage the notion that 

“peaking will take longer for developing country Parties” especially “in the context of sustainable 

development and efforts to eradicate poverty” (United Nations, 2015, p. 4). Several studies have 

applied other principles and found that industrialised countries had for example already exceeded 

their budget based on historical emissions (WBGU, 2009; Alcaraz et al., 2018; Rahmstorf, 2019). As 

an alternative to immediately shutting down carbon-intense infrastructure, they would have to buy 

vast amounts of emission allowances from other countries (WBGU, 2009). In a negotiation process, 

countries would be expected to argue for a principle that benefits themselves the most (SRU, 2020). 
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3.1.3 Carbon budgets as a policy tool 

There are several studies and papers that propose budgets for countries or larger regions (WBGU, 

2009; Raupach et al., 2014; Gignac and Matthews, 2015; Meyer and Steininger, 2017; Alcaraz et al., 

2018, also section 3.1.2.). In the UK, carbon budgets are part of mitigation legislation. In 2008 the 

Climate Change Act was enacted, in which the government assigned legally binding budgets for five-

year periods. While the targets of the first two periods were meet, it is expected that in the third period 

(2018-2020) less than the proposed budget will be needed. However, the Committee on Climate 

Change which is advising the government, states that compliance with the fourth budget and the long-

term target of 100% reduction require an upscaling of measures (Committee on Climate Change, 

2020). 

There have been further proposals for regional or local carbon budgets. The state of California 

adopted the Senate Bill 375 to budget their transportation sector. Regions were required to set up 

strategies to reduce vehicle traffic but not asked to implement them. The bill can thus not be 

considered to be a successful implementation of the budget but was used to identify strengthens and 

improvements for city carbon budgets (Salon et al., 2010). An investigation of emissions in three 

Malaysian cities came to the conclusion that without restrictions, emissions were likely to increase 

by up to 7 times (Fong, Matsumoto and Lun, 2008). To avoid this, it was proposed to set carbon 

budgets which were depending on the population size, same mitigation rates or the GDP of each city. 

As the study was published twelve years ago, it was not based on a global budget but on mitigation 

rates. More recently, a carbon budget for the city of Graz in Austria has been calculated (Pichler and 

Steininger, 2019). The basis is a global warming of 2°C and the budget is shared out according to two 

principles: “contraction and convergence” and “equal per capita emissions”. Former gives a larger 

budget to high emitting countries for a certain time period until emissions per capita have to be aligned 

with the worldwide average. 

The Tyndall Centre for Climate Change Research has calculated carbon budgets for cities and regions 

in the UK (Tyndall Carbon Budget Reports, 2020). Similarly, it has been done for Swedish 

municipalities in the project ‘Koldioxidbudgetar 2020-2040’ (Anderson et al., 2018b). Central to 

these budgets is the Paris Agreement and its translation into a budget. This includes the choice of a 

global budget which reflects the goal of staying below 2°C but also efforts to limit warming to 1.5°C. 

It further emphasises different capabilities of countries depending on their financial and economic 

situation. The approach applied in the UK and Sweden has been adopted to calculate Rostock’s budget 

and will be explained further in the methodology section.  

A study interviewed officials from participating municipalities in Sweden and investigated how 

carbon budgets impact and shape local climate mitigation action (Melander, 2019). It revealed that 

the method was mainly considered as a communication tool to increase the understanding of climate 

change and argue for certain measures. It also indicated that there was a gap between the 

municipality’s scope for action and emission reductions that were in line with the budget. This gap 

needs to be addressed by other governing bodies including on the national level. 

 

 

3.1.4 Carbon budgeting in Germany 

In Germany, the idea of a national carbon budget has been brought up by different academic 

institutions and non-governmental organisations. In 2009, the German Advisory Council on Climate 

Change (Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen, WBGU) 

published the special report “Solving the climate dilemma: the budget approach” in which they 

advocate for the use of a carbon budget in international climate treaties (WBGU, 2009). They propose 

to share out the budget equally on a per-capita basis. Based on emissions between 1990 and 2010, 

countries from the Global North should be asked to financially support countries from the Global 
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South to compensate for their historical responsibility and the disproportionally larger share in past 

emissions. Part of their proposal is to allow for international emissions trading. 

The idea of carbon budgets has gained more attention over the last years. A study commissioned by 

the WWF in 2017 concludes that Germany would be entitled to use a budget of 9 900 MtCO2 up from 

2015 (Matthes et al., 2017). This budget is also based on a global per-capita distribution. Taking into 

account CO2 emissions between 2015 and 2019, the remaining budget equals 6 000 MtCO2 up from 

2020. However, the study is based on the IPCC AR5 report (2014). More recent findings from the 

IPCC SR1.5 imply a somewhat larger budget (see Rogelj et al., 2018). The German Advisory Council 

on the Environment (Sachverständigenrat für Umweltfragen, SRU) published an open letter just 

before the federal government made their proposal for the climate law. They suggest a budget of 

6 600 MtCO2 up from 2020 (SRU, 2019). The same amount is proposed by the climatologist Stefan 

Rahmstorf, assuming an equal per-capita share and the likelihood of 67% for staying below 1.75°C 

(Rahmstorf, 2019). Around the finalisation of this thesis, the SRU published their environmental 

report in which they reiterated their proposal and dedicated a whole chapter to the topic of carbon 

budgets. A brief comparison between their calculation of a national budget and the results of this 

thesis has been undertaken in chapter 7 Discussion. 

Despite the attention that the idea has gained amongst some scientists and institutions, the government 

currently is not planning to set a national carbon budget. A member of staff from the Federal 

Environmental Agency explained during a telephone call that the determination of such a budget 

would first need an international discussion on how to distribute the remaining global budget. 

Nevertheless, in the climate law from 2019, the mitigation target for 2030 has been translated into 

carbon budgets for the sectors energy, industry, buildings, traffic, agriculture and waste. This will 

further be assessed in chapter 4.3.1.  

 

 

3.1.5 Limitations of carbon budgets 

The main limiting factors of the carbon budget approach are related to scientific uncertainties, 

simplifications and the lack in international agreement on a fair distribution.  

The IPCC articulates uncertainties in the determination of a remaining global carbon budget by 

indicating probable temperature ranges over time and likelihoods for staying below a temperature 

threshold (Rogelj et al., 2018). For national and local shares, the complex interrelations of the Earth 

system are often broken down to a couple of numbers and can be misunderstood as the one ‘true’ 

amount of carbon dioxide that can still be emitted (Peters, 2018). While carbon budgets are a useful 

tool for translating complex climate science into information that is comprehensible to inform local 

mitigation targets and policies, it is crucial to also communicate the underlying uncertainties.  

Another limitation stems from the lack in international agreement on a global carbon budget and its 

distribution amongst countries. A carbon budget for Germany or Rostock would only make sense, if 

all other countries and municipalities agreed on the proposed share. As this is currently not the case, 

the only document that could be used as a foundation is the Paris Agreement, to which most countries 

have committed. However, it is not explicit in its wording and leaves room for interpretation. 

Countries would have to agree on aspects like what is considered fair in the light of historic 

responsibility and how the notion of common but differentiated capabilities translates into 

quantifiable terms. The distribution of the remaining budget in this thesis is therefore a suggestion 

made in all conscience and with respect to different responsibilities and capabilities. It has been 

attempted to avoid a Eurocentric perspective but due to the author’s German background and the vast 

amount of knowledge on carbon budgets being contributed from Western research centres, it cannot 

be excluded from impacting the result.  
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3.2 Methodology 

 

The basis for the calculation of a local carbon budget was the assessed remaining budget from the 

IPCC SR1.5 (Rogelj et al., 2018, p. 108, see also Table 13). The global budget was chosen based on 

an interpretation of the Paris Agreement into a likelihood for staying below a certain temperature 

threshold. The IPCC’s proposed budgets have been calculated for the time 2018 until 2100. In a next 

step, emissions from 2018 to 2020 were deducted. The IPCC further estimates that Earth system 

feedbacks such as permafrost thawing will release approximately 100 GtCO2. 

The subsequent procedure for sharing the budget was aligned with the method established for the 

Koldioxidbudgetar 2020-2040 (Anderson et al., 2018b) and the paper on national carbon budgets by 

Anderson, Broderick and Stoddard (2020). In a first step a budget for cement was deducted. Cement 

consumption is closely linked to the industrialisation status of a country (Davidson, 2014). While 

industrialised countries have a relatively low per-capita cement consumption, countries which are in 

an industrialising process are at a higher level of per-capita consumption. To minimise disadvantage 

for economically weaker countries, the budget for cement was therefore shared out based on 

principles that reflect the cement demand more appropriately.  

Under the notion of ‘common but differentiated responsibilities’, a distinction between developed 

(DD) and developing (DG) countries was undertaken3. As stated in the Paris Agreement, “peaking [of 

greenhouse gas emissions] will take longer for developing country Parties” (United Nations, 2015, 

p. 4). The share of the budget should reflect this commitment and was supposed to allow developing 

countries more room for manoeuvre. Therefore, an emission pathway for developing countries was 

determined first. It assumed peaking in 2025, followed by annual mitigation rates of up to 10%. The 

remaining budget was assigned to developed countries. Within this group, the grandfathering 

principle was applied (see also 3.1.2). The budget was set in relation to past carbon dioxide levels and 

every country received a share proportional to those emissions. Deducting a budget for developing 

countries first and then sharing out the remaining amount according to grandfathering principles, 

allows to incorporate different capabilities for mitigation as well as locked-in, carbon-intense 

infrastructure.  

In a next step, the cement budget was added to the national budget. The proposed budget does not 

intend to assign how much cement can be used in the future. If a country decides to need more, then 

it will have to cut back in other sectors. This decision is to be made freely by each country. To 

determine Rostock’s share of the national carbon budget, the grandfathering principle was applied 

again. Here, Rostock’s emissions from 2017 (see chapter 2) were set in relation to Germany’s 

emissions from the same year. German emissions included data from the annual National GHG 

inventory which is reported to the UNFCCC. Further added are emissions arising from international 

aviation and navigation, so-called bunker fuels. These are not part of the national inventories but only 

reported for information. Reduction targets for these sectors are managed by the International 

Maritime Organisation and the International Civil Aviation Organisation but they are incorporated in 

the budget methodology here to show their national impact. Rostock’s share in Germany’s emissions 

was then applied to the national carbon budget which delivered the results for the municipality’s 

budget. The methodology is charted in Figure 8. 

 
3 The terminology ‘developed’ and ‘developing’ was chosen here to align with the UN wording. It refers to the 

description of an economic status which is relevant for determining the ability to finance climate mitigation 

action. It is not supposed to give implications on social or other dimensions of development.  
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Figure 8. Visualisation of the method for calculating the carbon budget for Rostock. Originating from the global 

budget, several deductions and considerations are made to determine a fair share according to the principles of 

the Paris Agreement. Annotations: The IPCC distinguishes between a global budget for CO2 and for other 

greenhouse gases. Here, only CO2 is considered. LULUCF is considered to have net-zero emissions over the 

course of the next years, as it is expected that the uptake in the sector will surpass the amount of released CO2. 

If this is not the case, the remaining global budget will further shrink. The image is not true to scale. Author’s 

illustration. 

 

The application of Negative Emissions Technologies (NETs) is not considered. Although there is the 

potential that it will be possible to remove carbon dioxide from the atmosphere there is also a high 

level of risk and uncertainty related to it. This concerns technological aspects such that a rapid 

upscaling over the next decades would be required. Carbon capture and storage still bears the risk of 

leakage (Karimi and Komendantova, 2017). Methods like biomass energy with carbon capture and 

storage (BECCS) require large scale biomass production which competes with food supply, biomass 

fuels and distribution of water (Fuss et al., 2018). Relying on potentially available technologies in the 

future bares the risk that measures for decarbonisation today will not be pursued as strictly (Anderson 

and Peters, 2016). The exclusion of NETs is further supported by the findings of the RESCUE study 

(UBA, 2019c). An investigation of transformation pathways towards a resource efficient and 

greenhouse gas neutral concludes that Germany can become carbon neutral until 2050 without the 

application of CCS. 

Further, in the methodology applied here, emissions from land-use, land-use change and forestry 

(LULUCF) are only considered in the deduction of past emissions (2018 to 2020). The sector can 

both emit and uptake carbon dioxide and it is expected that with ongoing and increasing climate 

mitigation efforts and a generally more sustainable land management in the future, the sector will 

become a net absorber of CO2 (Anderson, Broderick and Stoddard, 2020).  
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3.3 Translating the global carbon budget into local budgets 

 

3.3.1 Remaining Global Budget 

The wording of the Paris Agreement appoints not a specific increase in temperature but a range 

between staying well below 2°C and pursued efforts to limit warming to 1.5°C (United Nations, 

2015b). In this calculation and following Anderson, Broderick and Stoddard (2020), a budget of 900 

GtCO2 up from the 1st January 2018 was chosen. This equals a 50% likelihood for a temperature 

increase of less than 1.7°C compared to pre-industrial times (Rogelj et al., 2018), and can be 

understood as a target for staying well below 2°C. It is somewhat more conservative than what climate 

activists demand (see e.g. Thunberg, 2019) and the latest IPCC special report SR1.5 has shown that 

a 1.5°C warming will bear considerably less risks of exceeding the Earth system’s boundaries than a 

2°C warming (IPCC, 2018). However, scenarios from the same report imply that the 1.5°C target will 

only be possible with the rapid upscaling and application of carbon dioxide removal technologies 

(Rogelj et al., 2018). As reasoned in 3.2, these will not be considered in this thesis. Therefore, the 

budget chosen can be understood as a compromise between the considerations made above. 

Before the budget was shared out between different countries, the following deductions were made: 

emissions from fossil fuels and cement production accounted for 36.6 GtCO2 in 2018 (Global Carbon 

Atlas, 2020). Predictions for 2019 assume 0.1% growth compared to 2018. Current estimates on 

China’s emissions have shown that the outbreak of the Sars-CoV-2 virus might lower emissions 

significantly in 2020 (Myllyvirta, 2020). Latest predictions assume a drop of worldwide emissions by 

4.8% if the pandemic abates over the summer 2020 (Hausfather, 2020). Therefore, emissions from 

2018 until 2020 add up to 108 GtCO2. 100 GtCO2 are deducted to account for future emissions from 

Earth system feedbacks such as permafrost thawing (Rogelj et al., 2018). 

The demands for cement vary strongly between countries, depending on already existing 

infrastructure and the economic development status of a country. Their apportionment is considered 

separately in section 3.3.3. Based on a scenario of the International Energy Agency, emissions from 

cement sum up to 58.5 GtCO2 from 2021-2050 (Anderson, Broderick and Stoddard, 2020). This 

estimate is relying on reductions much more ambitious than in the past years, and the development 

and up-scaling of carbon capture and storage technologies. The LULUCF sector (land use, land use 

change and forestry) can both emit and uptake carbon dioxide. It is assumed that with increasing 

mitigation efforts, the amount of CO2 that is taken up by this sector will compensate for emissions. 

Therefore, they are neglected in the budget up from 2021. However, as current emissions exceed the 

uptake, static annual emissions of 5.1 GtCO2 for 2018-2020 are deducted (see Stoddard, 2020). This 

leaves a global carbon budget of 618.2 GtCO2 up from the 1st January 2021.  

 

 

3.3.2 Budgets for ‘developing’ countries 

The distinction between developing and developed countries follows the grouping used by Anderson, 

Broderick and Stoddard (2020). It is based on the UN classification established for the Kyoto Protocol 

and further modified to recent circumstances and supposed to account for the differentiated 

capabilities of countries. The UN distinguishes between Annex 1 and non-Annex 1 countries, where 

Annex 1 applies to industrialised or developed countries (further referred to as DD1) and non-Annex 

1 to developing countries (DG1). Countries that are not parties to the UNFCCC were assigned to a 

group according to their GDP per capita.  

There is further a group of countries which are still classified as non-Annex 1 although they have a 

high Gross Domestic Product (GDP) per capita and a Human Development Index (HDI) ranking 

higher than 0.8 which is similar to Annex 1 countries. This applies to a number of Middle Eastern 
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countries and Singapore. Attributing them to the group of developed countries generates a second 

classification (DG2 and DD2) which allocates a larger share to developed countries. An overview 

over the countries classified as developed can be found in appendix 11.3. 

Mitigation pathways for DG countries are adopted from Anderson, Broderick and Stoddard (2020). 

Current rates of emission growth continue until they peak in 2025. After that emissions follow 

mitigation rates of up to 10%. Depending on the grouping method, this gives a budget of 540.7 GtCO2 

to DG1 and 500.4 GtCO2 to DG2. The remaining budget for DD1 sums up to 77.5 Gt and 117.8 Gt 

for DD2 (Table 14).  

Table 14. Share of carbon budget between developing and developed countries. 

 Grouping 1 (GtCO2) Grouping 2 (GtCO2) 

Developing (DG) 540.7 500.4 

Developed (DD)  77.5 117.8 

 

 

3.3.3 A budget for emissions from cement 

The need for cement consumption has shown to be highest when countries are in a phase towards 

stronger industrialisation. It is assumed that countries of the DG groups will have a higher demand 

than DD countries. They will therefore receive a larger share of the budget set aside for cement. China 

is using five times more cement per capita than European countries (Davidson, 2014). This proportion 

is applied for sharing out the cement budget. It means that every inhabitant of a DD country gets the 

fifth part of what can be spent for cement on a person from a DG country. This allocates 2 415 Mt to 

the DD1 group, and 2 546 Mt to the DD2 group (see Table 15).  

Table 15. Share of cement budget between developing and developed countries. The cement share is based on 

a 5:1 share between DG and DD. 

 World DD1 DD2 

Population (number of people) 7 794 798 729 1 380 948 099 1 444 880 086 

Population share (%) 100 17.72 18.54 

Cement share (%) 100 4.13 4.35 

Cement budget (MtCO2) 58 500 2 415 2 546 
 

Sharing out the remaining cement budget according to the number of inhabitants, leaves 146 to 

147 MtCO2 for Germany (see Table 16). 

Table 16. Germany's share of the cement budget. 

 DD1 Germany DD2 Germany 

Population 1 380 948 099 83 517 045 1 444 880 086 83 517 045 

Population share (%) 100 6.05 100 5.78 

Cement budget (MtCO2) 2 415 146.06 2 546 147.19 

 

Cement is currently accounting for 20 MtCO2 per year in Germany (VDZ, 2019). If emissions remain 

on this level, the budget would be used up in 2029. If it was assumed that cement emissions would 

decrease linearly up from 2021 until they reach 6.3 Mt in 2050 (as stated in the UBA study (2014)), 

this would sum up to approximately 400 MtCO2. It would be up for discussion whether these 

emissions should be deducted from other sectors or whether it is possible to shift more quickly to less 

emission-intense processes or apply carbon capture and storage technologies. 
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3.3.4 Budgets for Germany 

For the group of DD countries, the grandfathering principle is applied. Using the average of annual 

emissions from 2012 until 2018 apportions a share of current emissions to each country. Germany’s 

share in emissions in the DD1 group accounts for 5.55% and in the DD2 group for 5.14%. For the 

DD1 grouping, this equals 4 303 MtCO2, and 6 054 MtCO2 respectively for DD2 (Table 17). Adding 

the cement budget increases the budget to 4 448 and 6 201 MtCO2. While the second budget is 40% 

larger, it would also require the non-Annex 1 countries which have been assigned to DD2, to commit 

to a more rapid decarbonisation. 

Table 17. Total amount of Germany's carbon budget. 

Germany DD1 DD2 

Share (%) 5.55 5.14 

Budget (MtCO2) 4 448 6 201 

 

To adhere to the DD1 budget, Germany would have to decrease its emissions by 19% p.a. or, using a 

linear decrease of 85 MtCO2 p.a., be carbon neutral by the year 2031. Respectively for the DD2 

budget, 13% reductions p.a. would be required, or a linear reduction of 60 GtCO2 annually in which 

case Germany would be carbon neutral by 2035. 

 

3.3.5 Budget for Rostock 

The allocation of carbon budgets to the local level has also been done by applying the grandfathering 

principle and required the determination of Rostock’s share in Germany’s emissions. Rostock’s 

carbon dioxide emissions were calculated in chapter 2.4 and amounted for 1 015 ktCO2 in 2017. The 

German inventory for the same year attributes 787 Mt as CO2 emissions, stemming from the sectors 

energy, industrial processes and agriculture. LULUCF emissions are not considered here, as they 

were also not considered in the global budget. Added are 35 MtCO2 coming from bunker fuels. To 

Germany attributable emissions accounted therefore for 822 MtCO2 (Table 18).  

Table 18. Germany's emissions in 2017 (UBA, 2019a). 

2017 CO2 (kt) Share in total CO2 

emissions (%) 

Energy 735 109 89.40 

Industrial processes 48 622 5.91 

Agriculture 2 924 0.36 

Waste 0 0.00 

International aviation 29 192 3.55 

International navigation 6 449 0.78 

Total 822 296 100.00 

 

Consequently, Rostock’s share in national CO2 emissions amounted for 0.12% in 2017. Applying 

this percentage to the remaining carbon budget for Germany, Rostock receives 5 471 ktCO2 within 

the DD1 grouping and 7 627 ktCO2 in the DD2 group (Table 19).  

Table 19. Remaining carbon budget for Germany and Rostock. 

 DD1 DD2 

Remaining carbon budget for Germany 

up from 1st January 2021 (MtCO2) 

4 448 6 201 

Remaining carbon budget for Rostock 

up from 1st January 2021 (ktCO2) 

5 471 7 627 
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4. Translating existing laws and resolutions into carbon 

budgets 

 

In order to set the proposed carbon budget for Rostock in a context of current mitigation strategies, 

existing laws and resolutions were analysed and translated into carbon budgets.  

 

4.1 Background 

As touched upon in the introduction, Germany’s climate mitigation targets fall short of contributing 

fairly to the Paris Agreement. This was investigated by several research groups and based on climate 

models (e.g. Rogelj et al., 2016; Climate Analytics, 2019). These analyses are often expressed in a 

temperature difference, stating how much warmer the Earth would get if every country would pursue 

a similar mitigation strategy. Carbon budgets based on existing targets can help to increase the 

understanding of the gap between commitment and proposed action and give a context for the 

dimension of this difference. The calculation for ‘existing’ national budgets for Sweden and the UK 

revealed that both countries, although often considered to be at the forefront for a transition towards 

fossil-free societies, were both building their strategies on budgets two times larger than what was 

understood as a fair contribution to the Paris Agreement (Anderson, Broderick and Stoddard, 2020). 

 

 

4.2 Methodology 

The methodology applied in this chapter is adapted from the paper by Anderson, Broderick and 

Stoddard (2020). The aim is to derive a budget which is implied by current mitigation and would be 

‘spent’ if a country was to follow their proposed mitigation pathways. 

As a first step, Germany’s mitigation targets were assessed. The country adopted a climate law in 

2019 with binding targets for 2030 and intermediate budgets to reach this target. Mitigation pathways 

until 2050 are not part of the law but included in the national climate action plan and are 

communicated publicly by the government (BMU, 2015). The assessment has shown that the targets 

do not distinguish between different greenhouse gases. For a comparison with the budget proposed 

in chapter 3, it was necessary to make adjustments and exclude emissions from non-CO2 greenhouse 

gases and the LULUCF sector. The most recent National Inventory Report for the German 

Greenhouse Gas Inventory has been used to analyse current levels of emissions and their 

corresponding sources (UBA, 2019b). For years without specific reduction targets, linear reductions 

compared to previous and following years were assumed.  

Rostock’s mitigation strategy is less detailed but simply indicates a target for 2050. This amount and 

the current level of emissions (as derived from chapter 2) were interpolated linearly to calculate the 

budget. 
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4.3 Results 

4.3.1 Germany’s carbon budget based on current targets 

The German Climate Action Law was adopted in 2019 (Bundes-Klimaschutzgesetz, 2019 (KSG)). It 

defines reduction targets for the seven greenhouse gas emissions lumped together measured in CO2e 

compared to a 1990 baseline. Similar mitigation targets existed since 2010 but were not legally 

binding. The law from 2019 entails: 

- a reduction of 35% in 2020 (the former goal of 40% reduction had to be revised as it did not 

seem feasible anymore) 

- a reduction of 55% in 2030  

- annual emission budgets for the sectors industry, buildings, transportation, agriculture and 

waste for 2020 to 2030, and emission budgets for the energy sector for 2020, 2022 and 2030 

assuming continuous reductions between those years. If the budgets are exceeded in one 

period, the difference is deducted from the next one and the responsible federal ministry is 

required to propose a plan within the next three months for immediate action. 

- Budgets for the years after 2030 will be determined in 2025.  

Although still non-binding, there is furthermore a 70% reduction target for 2040 and the goal of being 

almost carbon neutral by 2050 as part of the climate mitigation plan of the government (BMU, 2015; 

see Table 20). A study by the Federal Environmental Agency UBA concludes that it will be 

technically feasible to have reduced emissions by 95% in 2050 which equals approximately 

60 MtCO2e (UBA, 2014). This will therefore be used to describe qualitatively the expression of 

almost carbon neutral. The 60 MtCO2e are considered as unavoidable emissions (mainly N2O and 

CH4) from agriculture and industrial processes. The study further concludes that the energy sector 

(including electricity, heating and transportation) will have decarbonised fully until 2050.  

Table 20. Reduction targets for Greenhouse gas emissions in Germany. 

Year GHG emissions 

(Mt) 

Reduction compared 

to 1990 (%) 

1990 1 251 0 

2020 813 35 

2030 563 55 

2040 375 70 

2050 60 95 

 

The emission targets of the German government do not distinguish between CO2 and other 

greenhouse gases. To align with the carbon budget in chapter 3, the share of CO2 in 2020 will be 

estimated based on the previous years. From 2010 until 2018 it has always accounted for 

approximately 88% and will therefore be assumed likewise for 2020 (UBA, 2019b). Emissions from 

the LULUCF sector were also not considered here.  

To calculate the current budget, the following conditions were set: 

- Overall emissions would decline according to Table 20. For the years between 2020 and 2030 

the budgets proposed in the German climate law were used and linear reductions were 

assumed for the energy sector between 2020 and 2022, and 2022 and 2030. Between 2030 

and 2040, and between 2040 and 2050, linear reductions were also assumed. 

- In 2050, CO2 emissions would have decreased to 0 while other GHG emissions still account 

for 60 MtCO2e.  

- Non-CO2 emissions would decrease linearly between 2018 and 2050 from 103 Mt to 60 Mt 

- CO2 emissions would decrease accordingly to the difference between the overall GHG targets 

and non-CO2 values 
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The budget was calculated for the time period 2021 and 2050 (see Figure 9). Carbon dioxide 

emissions from these years sum up to 10 984 MtCO2. A list of each year and the corresponding 

emissions can be found in the appendix (11.4).  

Figure 9. Emission reduction pathway according to the German Climate Law from 2019. The blue area shows 

non-CO2 emissions. CO2 emissions are displayed in orange. The orange area equals a budget of 

10 984 MtCO2. The percentage shows the overall emission reduction down to 45%, 30% and 5% compared to 

1990. 

 

Not yet included are emissions from bunker fuels, or more precisely from international aviation and 

navigation that can be attributed to Germany. They accounted for approximately 2% of worldwide 

emissions in 2018 (Global Carbon Atlas, 2020). They are not part of the UNFCCC reporting scheme 

for national emission inventories, but the German inventory includes them as memo items. If they 

were added to national CO2 emissions, they would have amounted for 4.3% in 2018 (UBA, 2020a). 

Reduction targets in these sectors are not set by countries individually but by UN bodies. The 

International Maritime Organization (IMO) is aiming to half absolute emissions from shipping by 

2050 compared to 2008. The International Civil Aviation Organization (ICAO) initiated an scheme 

in which future annual emissions above the average from 2019’s and 2020’s values will be offset by 

technological operational improvements, sustainable fuels and compensation, so that the growth of 

the sector will be carbon-neutral (ICAO, 2020). Besides criticism on the feasibility of implementation, 

this target would take up a significantly large share of a global carbon budget (Pidcock and Yeo, 

2016; BMVI, 2018; Timperley, 2019a)  

However, the development and magnitude of these emissions over the course of the next years remain 

subject to discussion, especially as aviation is hit badly by COVID-19. Compared to the previous 

year, there were 66% less plane departures worldwide in April 2020 while in Germany this number 

dropped by even 97% (Janson, 2020). There are opposing views about the further development. While 

some argue that the sector will need until 2022 or 2023 to recover but then proceed with current 

growth predictions, others expect that aviation will decline and be substituted by high-speed trains on 

shorter distances and by new technologies (Berti, 2020; Hegmann, 2020; Waldow, 2020). Some 

governments have further linked their support for financially stricken airlines to conditions of a more 

rapid transition towards low-carbon technologies and a reduction of domestic flights (BBC, 2020). 

The impact on the shipping industry has been varying, depending on the sector. While the number of 

cruise ships run into port has sunk down to one-ninth of its January values, other sectors have been 

less affected (Hellenic Shipping News Worldwide, 2020).  
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Due to the currently unpredictable development of the situation, two scenarios were considered. In 

the first one, it was decided to assume that the pandemic would taper off in 2020, that state support 

was not bound to decarbonisation measures and that both industries would recover quickly, so that in 

2021, emissions were at the level from 2018 again. They would develop like ICAO and IMO 

proposed, which implies for German bunker fuels from aviation to be at a constant level of 30 MtCO2 

per year. Bunker fuels from navigation in 2018 had already reached the 2050 target of 4.3 MtCO2, 

however previous years were more in the range of 6.5 to 8 MtCO2. It was assumed that emissions 

stay constant in the shipping sector. This would mean annual emissions of 34.3 MtCO2 which would 

until 2050 sum up to 995 MtCO2.  

The second scenario assumes that bunker fuel emissions in 2021 would be similar to the 2018 

numbers (34.3 MtCO2) but from then on constantly decrease until they reach zero CO2 emissions in 

2050. This is by far a significantly more rapid reduction than the proposed targets by ICAO and IMO 

but is built on the premise that the national financial support will be bound to measures in accordance 

with its own mitigation target. Emissions from bunker fuel emissions would then amount for 

515 MtCO2. 

 

 

4.3.2 Rostock’s carbon budget based on current targets 

Rostock’s mitigation target entails a 95% reduction in carbon dioxide emissions until 2050 compared 

to 1990 values. Intermediate targets are not set, therefore a linear reduction up from current emission 

levels was assumed. Emissions were at a level of 2 331 ktCO2 in 1990 (Hilse and Dengler, 2014). A 

reduction of 95% means that emissions should not be higher than 117 ktCO2 in 2050. Chapter 2 

indicated, that there were no substantial emission reductions between 2010 and 2017. In the following 

two years, no significant measures have been introduced by the city council or administration, so it 

will be assumed that emissions have not gone down further in the meantime. The emission levels of 

2017 will therefore also be used for 2020. Consequently, and with a reduction of 29.9 kt every year, 

the budget which corresponds to Rostock’s current targets, would have a size of 16 530 kt (Figure 

10). Emissions that will arise after 2050 are not accounted for in this comparison. 

 

Figure 10. Emissions reduction pathway for Rostock based on the resolution that the city will reduce 

emissions by 95% in 2050 compared to 1990. This would result in a carbon budget of 16 530 ktCO2.  
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5. Comparison between current targets and the 

calculated budget 

The following section will be used to compare the results of chapter 3 and 4. In chapter 3, carbon 

budgets for Germany and Rostock were calculated based on a fair contribution to the Paris 

Agreement. This resulted in two budgets for both the national and local level, depending on the 

classification of countries as developing or developed. In chapter 4, existing mitigation targets were 

translated into carbon budgets.  

Table 21 and Table 22 below summarise the findings. Germany’s current mitigation targets are based 

on budgets 85 to 170 percent larger than the calculated fair share according to the Paris Agreement. 

If the country would manage to stay on track to fulfil their current targets, the budget would be 

exceeded in seven to ten years. In this regard, Germany is ranked amongst other industrialised 

countries. Anderson, Broderick and Stoddard found that the UK and Sweden were also basing their 

targets on more than twice the size of a fairly allocated budget (2020). 

 

Table 21. Comparison between carbon budgets for Germany based on the Paris Agreement (horizontal) and 

the climate law and climate action plan (vertical). 

 Germany’s share in DD1 

group: 

 

4 448 MtCO2 

Germany’s share in DD2 

group: 

 

6 201 MtCO2 

Budget according to Germany’s climate 

law and action plan and assuming zero 

emissions from bunker fuels in 2050: 

 

11 500 MtCO2 
 

Ratio: 

2.59 
Ratio: 

1.85 

Budget according to Germany’s climate 

law and action plan and bunker fuel 

targets from IMO and ICAO: 

 

11 980 MtCO2 
 

Ratio: 

2.69 
Ratio: 

1.93 

Year when the budget is used up if 

emissions remain constant on 2019 

levels (UBA, 2020b) 

January 2027 
(6.0 years) 

May 2029 
(8.4 years) 

Year until the budget is used up, 

according to budgets of the climate law: 
 

December 2027 
(6.9 years) 

March 2030 
(10.3 years) 

 

A comparison for Rostock brings similar results (Table 22). The current target of a 95% reduction in 

2050 is built on a budget two to three times larger than what a fair contribution to the Paris Agreement 

would entail. While Germany-wide, emissions over the past years have gone down at a slow but 

steady pace, this has not been the case for Rostock. Instead emissions were somewhat stagnating. If 

this progresses, the city’s budget would be used up in 5.4 years or respectively 7.5 years depending 

on the grouping. If emissions would start to drop linearly henceforth, the budget would last only a 

few months longer.  

 



34 
 

Table 22. Comparison between carbon budgets for Rostock based on the Paris Agreement (horizontal) and 

the city's own mitigation target (vertical). 

 Rostock’s share in DD1 

group: 

 

5 471 ktCO2 

Rostock’s share in DD2 

group: 

 

7 627 ktCO2 
Budget according to Rostock’s climate 

mitigation target: 

 

16 530 ktCO2 
 

Ratio: 

3.02 
Ratio: 

2.17 

Year when the budget is used up if 

emissions remain constant: 
Mai 2026  
(5.4 years) 

July 2028 
(7.5 years) 

Year until the budget is used up, 

assuming linear emission reductions: 
January 2027 

(6.1 years) 
December 2028 

(7.9 years) 
 

 

It should be emphasised that the results are implying a larger budget for Rostock and Germany if the 

decision was made to use the DD2 grouping. However, this would require a number of countries 

which are still classified as developing by the UN to commit to a more rapid decarbonisation pathway. 

Despite these countries ranking relatively high in terms of GDP and HDI, much of their wealth can 

be attributed to the selling of fossil fuels. It remains questionable whether they are willing to commit 

to this pathway. 

Both nationally and locally aimed targets do not comply with the Paris Agreement. They are based 

on budgets which go beyond a fair global distribution. If this was the norm for every country and 

municipality, it would have severe consequences for the global climate. Especially in the light of 

Germany’s responsibility for historical emissions and its capability to decarbonise in comparison with 

other countries, climate targets need to be revised and improved.   
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6. Mitigation Pathways based on carbon budgets 

 

The previous chapters have shown that current efforts are not sufficient for staying in a safe space 

below 2° global warming. The level of emissions in Rostock has stagnated since 2010 and local and 

national mitigation targets fall short of complying with the commitments made in the Paris 

Agreement. The German Advisory Council on the Environment classifies these issues as ambition 

and realisation gaps (SRU, 2020, p. 72; see Figure 11). Rostock’s climate target lacks ambition, as it 

is at least two to three times higher than the proposed carbon budget. The implementation gap results 

from the discrepancy between the target and the realisation of it. Although the target for 2050 was 

decided by the city council in 2014, emissions did not follow the proposed but non-binding linear 

reduction path. If this development proceeds, the budget will be further overshot. This is not only a 

problem that Rostock has to face. Similarly, scientists argue that Germany’s targets will not only fail 

to comply to Paris, they are also apprehensive of the fact that the country might not even be able to 

reach those targets (SRU, 2020).  

 

 

 

Figure 11. Schematic illustration of ambition and implementation gaps. Figure by SRU (2020, p. 72), originally 

with German text. Here translated into English. 

 

As a consequence of the above results, a more ambitious mitigation pathway will be required. As 

chapter 5 has shown, a linear reduction of emissions under current targets prolongs the time until the 

budget is used up only by a few months. It is therefore important to reduce emissions more rapidly 

now and to discuss an earlier year for carbon neutrality. Decarbonisation concerns several sectors and 

as a consequence numerous actors. A mitigation pathway for Rostock has to be defined and agreed 

on within the city and would go beyond the scope of this thesis.  

Nevertheless, Figure 12 will be used to conceptualise how such a pathway could look like. It is based 

on the carbon budget for Rostock within the DD1 group and entails that the city becomes carbon 

neutral around 2040. The sum of emissions from 2021 until 2040 account for 5 500 ktCO2. It is 

assumed that emissions in 2020 still follow the trend of the previous years and are the same as in 

2017. If emissions are lower in 2020 due to COVID-19, this will not have an impact on the budget as 

it is only set up from 2021. It is assumed though that in 2020, measures will already be implemented, 

so that a decrease is detectable in 2021. The pathway requires annual reductions of 15%, however 
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this is not the path that needs to be followed. It is only important that the amount of emitted carbon 

stays within the budget. If one sector is able to reduce emissions more rapidly, this can buy time for 

other sectors where decarbonisation might be more difficult. On the other hand, if emissions stay on 

a similar level to 2017 in the next years, future reductions have to be even larger.   

 

Figure 12. Suggestion for an emission pathway that complies with the Paris agreement and is based on a budget 

of 5500 ktCO2. The bar on the left shows the results of the emission inventory from 2017, assuming that it will 

be similar in 2020.  
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7. Discussion 

As touched upon in previous chapters, the determination of a carbon budget should ideally be subject 

to a discussion and negotiation process to ensure that all parties agree on a principle for sharing the 

budget. As this is currently not given, the first part of this chapter compares the results of this thesis 

with other studies and sets them in the context of other distribution principles. The second part focuses 

on the carbon budget for Rostock and the challenges that need to be addressed locally.  

 

7.1 Comparison to other sharing principles and studies 

7.1.1 Comparison with population share 

A potentially more intuitive approach for sharing a carbon budget is the equal share per capita. Not 

considering the commitments of the Paris Agreement, it only entails that a municipality would receive 

a proportion of the budget according to the number of inhabitants compared to the global population. 

In 2019, 209 477 people were living in Rostock which accounted for 0.0027157% of the worldwide 

population at that time (Kommunale Statistikstelle, 2019; United Nations, Department of Economic 

and Social Affairs, 2019). Of the total remaining carbon budget up from 2021, which amounted for 

618.2 GtCO2, this would leave a budget of 16 800 ktCO2 to Rostock. While this budget is similar to 

the budget based on current targets, the calculation neglects some relevant issues. First of all, it does 

not consider that worldwide population is expected to grow much faster than the number of Rostock’s 

inhabitants4. Considering this, Rostock’s share would shrink.  

When comparing the per-capita share of Rostock with the German one, another issue becomes 

apparent. Germany’s remaining per-capita budget would amount for 6 670 MtCO2 which is somewhat 

closer to the suggest budget in this thesis, but still higher. While Rostock’s emissions amount for 

0.12% of the whole of Germany, its number of inhabitants equals 0.25% of the German population. 

This indicates that Rostock is a net consumer (Lombardi et al., 2017). In a comparison of German 

municipalities, this means that there are less emissions arising in the city’s territory but that it is 

relying on emissions being released elsewhere. This can be exemplified by the construction sector. 

Although new houses are built every year in the city, corresponding emissions occur where the cement 

is manufactured – in Rostock’s case outside the city. The grandfathering principle accounts for this 

by assigning larger shares of the budget to municipalities with cement factories. The per-capita 

approach would require a consumption-based inventory which allocates these emissions to the 

inhabitants of each city.   

Furthermore, a per-capita-distribution disregards responsibilities and capabilities of a city within a 

country like Germany. Historically, Germany has emitted more CO2 than the states of Africa and 

Latin America together (Marcotullio et al., 2018). Consequently, its contribution to current levels of 

global warming are significant. With the German commitment to the Paris Agreement and in view of 

the high ranking of the country in the international comparison of HDI and GDP, the responsibility 

for a more rapid decarbonisation appears to be inevitable.  

 

7.1.2 Comparison with SRU report 

Around the time of completion of this thesis, the German Advisory Council on the Environment 

(SRU) published their Environmental Report. Chapter 2 “Using the CO2 budget to meet the Paris 

climate targets” addresses carbon budgets (SRU, 2020). The authors advocate for an incorporation of 

the budget approach in the national climate targets and a tool which can be applied to assess mitigation 

 
4 Predictions assume a population growth of 3 % until 2035 for Rostock, while the worldwide population is 

expected to grow by 13 % until then and even further until 2100 (Roser, Ritchie and Ortiz-Ospina, 2019; 

Kommunale Statistikstelle, 2020) 
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strategies. In this context, they have also been calculating the remaining carbon budget and been 

estimating the budget based on current targets. Despite similar results, there are some assumptions 

that differ from the approach chosen in this thesis. They will be compared briefly to show that a 

determination of country-specific budgets requires an international dialogue to avoid that each 

country picks their ‘most comfortable’ budget. Otherwise, the sum of proposed budgets would also 

fail the goals of the Paris Agreement, much like the current climate targets. 

The SRU originates from a different global budget. They interpret “staying well below 2°C” as a 67% 

likelihood of reaching 1.75 °C which leaves a global budget of 800 GtCO2. They apply Germany’s 

proportion according to the share of population but take into account past emissions up from 2016. 

This results in a remaining budget of 6.7 GtCO2 up from 2020. If emissions in 2020 are similar to 

2019, this would leave a budget of 6 GtCO2 up from 2021 which is in the same range as the proposed 

budget in the DD2 grouping (6 200 GtCO2).  

The SRU’s calculation of the budget based on current climate targets also refers to the budgets of the 

climate law and the UBA study on a GHG neutral country by 2050. It differs in that regard that it 

assumes a linear reduction after 2030 and does not take into account the 70% reduction target in 2040, 

which reduces the budget slightly. It does not distinguish between CO2 and other greenhouse gases 

but sums up all of them. Bunker fuels are not considered. This results in a budget of 15.3 GtCO2e up 

from 2018. Subtracting emissions from 2018 until 2020 (2020 according to climate law), leaves 

around 12.8 MtCO2e. Without considering non-CO2 greenhouse gases and bunker fuels, this results 

in a similar budget to the one estimated in chapter 4.3.1 of approximately 11 GtCO2. Despite the 

differences, the SRU report confirms that the gap between proposed efforts and an actual Paris-

compliant target is large, at least twofold. 

 

7.1.3 Other studies and the wider context 

In 3.1.4, a couple of studies were described, in which carbon budgets for Germany were calculated 

(for example: WBGU, 2009; Matthes et al., 2017; Rahmstorf, 2019). Most of them assigned a budget 

of around 6 000 MtCO2, which is similar to the proposed budget in the DD2 grouping and the SRU 

budget. The DD1 budget is more ambitious but can be justified by its stronger compliance with the 

Paris Agreement and the current UN classification of developing and developed countries. 

Differences between the results point at the aforementioned scope of interpretation for a fair 

contribution. It reiterates that the proposed carbon budgets are suggestions, which originate from 

different assumptions and depend on the understanding of international commitment. No study was 

found which proposed a carbon budget similar to the budget based on current targets.  

These results are supported by other studies, which did not explicitly calculate a budget for Germany 

but either propose a budget for the group of EU countries or more broadly analyse different sharing 

principles (Raupach et al., 2014; McKinnon, 2015; Pan et al., 2017; Alcaraz et al., 2018). What can 

commonly be found is the emphasis on equity and climate justice, which is expressed in terms of a 

quicker decarbonisation of developed countries and the monetary support of financially weaker 

countries.  

The debate could and should be enriched by perspectives from developing countries and their 

understanding of a fair share. The literature found on carbon budgets was largely contributed by 

research institutions in developed countries. While this is not enough information to draw conclusions 

on the authors’ backgrounds, it could indicate the need for diversifying the discussion. An example 

to explain this need for diversification is India. India is currently undergoing an industrialisation 

process, which offers the chance to improve the living conditions for millions of people. The growing 

economy is accompanied by a higher energy demand mainly covered through coal power plants (e.g. 

Timperley, 2019b). As a result, emissions have doubled in the last ten to fifteen years, so that the 

country is ranking third now in global territorial CO2 emissions (Global Carbon Atlas, 2020). If 

countries of the DG grouping would not follow the proposed mitigation target in 3.3.2, which 

suggested a decline of emissions after 2025, but instead stay on this emission level for another five 
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years, they would blow the carbon budget for DD countries (Anderson, Broderick and Stoddard, 

2020). Countries like India are often used as examples to justify fewer efforts in developed countries. 

In the light of still growing emissions in India, it could be argued that Rostock’s share of 0.12% in 

Germany’s carbon dioxide emissions is a neglectable contribution to global warming and does not 

require action. Besides the aforementioned responsibilities that Germany has both historically and 

because of its wealth, there are further aspects to why this argumentation is not particularly pertinent. 

While Germany has to replace fossil fuels with renewable energy sources, India has to, additionally, 

provide for a growing energy demand. However, investments in renewable energy have exceeded 

investments in fossil fuel over the past years, and solar energy is already more profitable than coal 

power plants (McKenna, 2019). According to a survey by Stokes, Wike and Carle (2015), 76% of 

Indians consider global climate change as a serious problem in 2015, while in Germany only 55% 

shared this concern5. Further, the carbon footprint of an Indian is 4.5 times lower than the footprint 

of a German (Global Carbon Atlas, 2020). And while India, like Germany, has to step up its mitigation 

policies, an analysis of the Climate Action Tracker found that at least India’s mitigation targets 

proposed in the NDCs are compatible with the 2°C target (Climate Action Tracker, 2019b; Timperley, 

2019b). This brief explanation does not intent to compare German and Indian climate efforts; it is 

rather to emphasise that countries are in different stages, which cannot be compared easily. 

Consequently, for a carbon budget to be fair, all countries should have a say in it.  

 

 

7.2 Aiming for budget compliance: an outlook on the 

challenges ahead  

Rostock’s current mitigation target is 

not compliant with the proposed 

carbon budgets (see Figure 13 for a 

comparison to the carbon budget in 

the DD1 grouping). The figure 

underlines the gap that the city has to 

address for compliance with the Paris 

Agreement. Closing this gap would 

require an enormous upscaling of 

efforts, which is more ambitious than 

what has been achieved over the past 

years. There is no single entity that 

can take on this task by itself. 

Emission sources are diverse and 

while some are large point sources 

such as the power plants, others like 

cars are smaller but moving around 

more dispersed. Reducing these 

emissions is a task to be solved by many and across all levels of society, be it individuals and 

households, companies, the municipality or the state.   

Nevertheless, a group of actors does well with some sort of coordination. The way that a carbon 

budget is calculated, can shift this task to a certain actor. In the German climate law, the government 

assigned budgets to the sectors energy, industry, buildings, transportation, agriculture and waste. The 

 
5 A more recent survey from the same research centre found that in 2018, 71% of Germans considered climate 

change to be a major threat but there was no update on Indians’ perceptions. 

(https://www.pewresearch.org/fact-tank/2019/04/18/a-look-at-how-people-around-the-world-view-climate-

change/) 

Figure 13. Comparison of Rostock's current mitigation target of a 

95% reduction until 2050 and the example for a pathway based on 

the carbon budget in the DD1 grouping. The bar on the left shows 

current emission levels (see also figure 12). 
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governmental ministries that represent these sectors best, are tasked to coordinate compliance with 

these budgets. Choosing a per-capita carbon budget would attribute more responsibility to each 

individual, while the method of this thesis addresses territorial emissions and therefore shifts the focus 

to governing actors. Hence, the carbon budget for Rostock is best coordinated by the political and 

administrative bodies of the municipality. While the emission sources covered in the inventory require 

mainly legislative and technical measures, compliance with the Paris Agreement is determined by 

underlying factors that are necessary for a success. McCarney (2013) identified five governmental 

challenges for successful climate mitigation. In the light of a required upscaling of mitigation efforts:  

Having to increase mitigation efforts requires first and foremost effective leadership (ibid., p. 100), 

that understands that global warming is not a political issue anymore but a problem that needs to be 

addressed much like the COVID-19 pandemic or other natural disasters. An effective leader needs to 

communicate the urgency to act, build consensus amongst stakeholders and coordinate investments. 

Efficient financing (ibid., p. 100f) requires allocating money where it can best be used to address 

climate change. Within the budgeting framing, this can be understood as an aligning of the city’s 

financial budget with that of carbon dioxide emissions in terms of a reasonable adjustment. Over the 

long term, climate mitigation is cheaper than adaption (e.g. Burke, Davis and Diffenbaugh, 2018). 

However, it needs to be ensured that financial investments do not jeopardise the carbon budget. Part 

of Rostock’s current mitigation strategy is to half the energy demand, so that the electricity and 

heating provider can replace the current amount of fossil fuels with fewer amounts of renewable 

energy. Houses that are built today without applying energy-efficient technologies obstruct these 

efforts by adding to the energy demand. Further, investments should be avoided, which will be 

redundant in the future due to mitigation efforts. Building a car park while simultaneously working 

on reducing motorised private transport, can turn out to be a failed investment that will be unnecessary 

in a few years. This money might be better spent on improving public transportation.   

Citizen play a crucial role in climate mitigation. Them and their descendants are the ones affected by 

climate change, but they are also the ones who have to adapt to and support mitigation efforts. One 

of the governmental challenges is therefore to provide effective citizen participation and access to 

information (McCarney, 2013, p. 101), so that they can understand why certain policies have to be 

implemented but also to shape those policies in a way that they do not only reduce emissions but that 

they also enhance the living quality in the city.  

The gap between Rostock’s mitigation target and the carbon budget cannot be addressed by the city 

and its inhabitants alone. The city is not an enclosed system but connected to neighbouring 

municipalities and embedded in other levels of governance. Therefore, jurisdictional coordination is 

important, both horizontally and vertically (ibid., p. 101). Rostock, as part of Mecklenburg-West 

Pomerania and Germany and subordinate to the respective laws, cannot address all emissions arising 

in the territory. It requires both financial support and legislative foundation to enable a transition away 

from fossil fuels. As Germany’s mitigation targets are also falling short of complying with the Paris 

Agreement, the city needs to demand state action to ensure that it is able to meet its own targets.  

Vertical coordination can be understood as a collaboration for shared efforts amongst municipalities. 

Rostock is an economic centre in the region, but the share of renewable energies is considerably lower 

than in other, rural districts around. Due to its location, Mecklenburg-West Pomerania is a suitable 

location for wind power, but less so in a populated urban area like Rostock. Synergies between the 

city and the rural areas should therefore be enhanced.  

The way a city is spatially organised has an important impact on greenhouse gas emissions. Does the 

density of housing allow for district heating? Are grocery stores within walking distance or reachable 

by public transport, so that people do not have to depend on cars for buying food? Which areas can 

be used to encourage urban gardening or other outdoor activities? If done correctly, land use planning 

(ibid., p. 101) can be one of the visible tools for not only implementing climate mitigation but also 

promoting a sustainable development that makes the city a pleasant place to live in.  
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8.  Conclusion 

The aim of this thesis was to calculate a carbon budget for Rostock, and to set it in relation to current 

mitigation targets. The city’s current efforts intend an emission reduction of 95% in 2050 compared 

to 1990 but do not consider the effect of accumulating carbon dioxide until that year. In that regard, 

a local carbon budget can help to address potential deficits. In this thesis, the basis for sharing the 

budget was the Paris Agreement. When signing the agreement, Germany (and consequently Rostock) 

committed to holding the global average temperature to well below 2°C compared to pre-industrial 

times. The commitment further includes the recognition of ‘common but differentiated 

responsibilities’. In the light of that and considering that Germany has contributed largely to historic 

emissions, a fair contribution requires levels of emission reductions that allow for less wealthy 

countries to link decarbonisation efforts with other aspects of a sustainable development.  

As a result of these considerations, two budgets were proposed for Rostock depending on the share 

which is attributed to other countries. Under the current UN classification, the city would be allowed 

to emit another 5 500 ktCO2 up from 2021 until it should be fossil free. Under conditions where other 

countries are required to reduce their emissions more rapidly, Rostock could extend this budget to 

7 600 ktCO2. Setting these budgets in the context of current mitigation targets and emission 

reductions in the past years reveals that efforts need to be increased drastically. Budgets based on 

current targets would exceed the fair share by two to three times and a stagnating level of emissions 

in the last ten years implies that the implementation gap might even be larger. If the stagnation 

continues, the proposed budgets will be used up in May 2026 or July 2028 respectively. If the city 

decides to keep the target of a 95% GHG reduction until 2050 and manages to reduce emissions 

linearly until then, the budgets would last approximately half a year longer (January 2027 or 

December 2028). Consequently, the next couple of years will be decisive and steep emission 

reductions within this decade are required. An overshooting of the budget will imply the need to 

‘borrow’ additional amounts of carbon dioxide from municipalities which economise better with their 

budgets. Otherwise, and this would be the case if other regions also fail to stay within the budget, the 

world would head for a temperature increase of significantly more than 2°C and with severe 

consequences for life on this planet.  

The local carbon budget has been derived from sharing out the global budget. The steps of the 

calculation also allowed for determining a carbon budget for Germany. While this has already been 

done in previous studies, the results of this thesis differ in that they comply much stronger with the 

Paris Agreement. They do not only assume a per-capita share but emphasise different responsibilities 

and capabilities. By analysing Germany’s mitigation targets, it was further found that an overshooting 

of the budget is not only a problem in Rostock, but that the national targets also fall short of complying 

with the Paris Agreement. A fair German budget of 4 450 to 6 200 MtCO2 would be exceeded at least 

twofold if the targets of the climate law will not be enhanced. 
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11. Appendix 

11.1 Energy consumption and greenhouse gas emissions by 

private vehicles 

  

Million 

kilometres 

travelled by 

vehicles 

specific final energy 

consumption factor 

(Wh/km) 

Energy 

consumption 

(MWh) 

Emission 

factor 

(tCO2e/MWh) 

GHG 

emissions 

(tCO2e) 

Cars 862.85 687.85 593 506.53 0.2948 174 951.53 

highway 75.38 665.21 50 142.62 0.2950 14 794.33 

outer city 243.18 523.12 127 211.69 0.2948 37 507.99 

inner city 544.29 764.58 416 152.21 0.2947 122 649.21 

Light commercial 

vehicles 70.91 778.99 55 240.19 0.2930 16 187.92 

highway 5.03 834.39 4 195.10 0.2929 1 228.55 

outer city 12.66 665.22 8 421.38 0.2931 2 468.11 

inner city 53.22 800.82 42 623.70 0.2931 12 491.26 

Trucks 38.47 2,617.78 100 684.16 0.2929 29 490.13 

highway 12.55 2,697.08 33 839.09 0.2930 9 914.35 

outer city 10.53 2,477.42 26 066.55 0.2929 7 633.67 

inner city 15.39 2,649.10 40 778.53 0.2929 11 942.11 

Motor bikes 27.78 337.36 9 372.52 0.2969 2 782.86 

highway 0.50 531.47 266.69 0.2969 79.19 

outer city 7.66 355.31 2 721.34 0.2969 808.01 

inner city 19.62 325.39 6 384.48 0.2969 1 895.66 

Total 1 000.01 - 758 803.40 - 223 413.22 

Data has been provided by the KS-P. 

 

11.2 Energy consumption and greenhouse gas emissions by 

public transport 

  Energy source 
Consumption 

(MWh) 

Emission factor 

(tCO2e/MWh) 

GHG emissions 

(tCO2e) 

Rail freight 

transport 
Total 1 327.40 0.4748 630.22 

Fuel 443.52 0.3169 140.55 

Electricity 883.88 0.5540 489.67 

Long-distance 

passenger trains Electricity 639.49 0.5540 354.28 

Regional trains Total 14 433.41 0.5168 7 459.70 

  Fuel 2 262.37 0.3169 716.94 

  Electricity 12 171.04 0.5540 6 742.76 

Trams Electricity 11 906.00 0.5540 6 595.92 

Public busses Fuel 22 983.00 0.3169 7 283.24 

Total  51 289.30  22 323.36 

 Data has been provided by the KS-P.  
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11.3 List of DD1 and DD2 countries 

 

Country 

GDP per 

capita 2018 

($)6 

HDI per 

capita 

20187 

CO2 emissions, 

average 2012-

2018 (MtCO2)8 

Share of CO2 

emissions in 

DD1 group (%) 

Share of CO2 

emissions in 

DD2 group 

(%) 

Annex-1 

classified   

 

  

Andorra 42 029.8 0.875 0.47 0.0033 0.0030 

Australia 57 373.7 0.938 407.33 2.8316 2.6208 

Austria 51 462.0 0.914 67.59 0.4698 0.4349 

Belarus 6 289.9 0.814 62.91 0.4373 0.4048 

Belgium  47 518.6 0.919 99.20 0.6896 0.6383 

Bulgaria 9 272.6 0.816 45.88 0.3190 0.2952 

Canada 46 233.0 0.922 572.18 3.9775 3.6814 

Croatia 14 909.7 0.837 18.36 0.1276 0.1181 

Cyprus 28 159.3 0.873 7.14 0.0496 0.0460 

Czech Republic 23 078.6 0.891 106.32 0.7391 0.6841 

Denmark 61 350.3 0.93 37.28 0.2591 0.2398 

Estonia 23 266.3 0.882 18.30 0.1272 0.1178 

Finland 50 152.3 0.925 47.67 0.3314 0.3067 

France 41 463.6 0.891 348.09 2.4198 2.2396 

Germany 47 603.0 0.939 799.01 5.5544 5.1409 

Greece 20 324.3 0.872 78.12 0.5431 0.5026 

Hungary 16 162.0 0.845 46.88 0.3259 0.3016 

Iceland 73 191.1 0.938 3.53 0.0245 0.0227 

Ireland 78 806.4 0.942 38.29 0.2661 0.2463 

Israel 41 715.0 0.906 65.62 0.4562 0.4222 

Italy 34 483.2 0.883 357.37 2.4843 2.2993 

Japan 39 290.0 0.915 1 238.09 8.6067 7.9660 

Korea, Rep. 31 362.8 0.906 610.64 4.2449 3.9289 

Latvia 17 860.6 0.854 7.29 0.0507 0.0469 

Liechtenstein 165 028.2 0.917 0.16 0.0011 0.0011 

Lithuania 19 153.4 0.869 13.33 0.0927 0.0858 

Luxembourg 116 639.9 0.909 9.74 0.0677 0.0627 

Malta 30 098.3 0.885 1.99 0.0139 0.0128 

Netherlands 53 024.1 0.933 164.20 1.1415 1.0565 

New Zealand 41 945.3 0.921 35.40 0.2461 0.2278 

Norway 81 697.2 0.954 44.66 0.3105 0.2874 

Poland 15 420.9 0.872 324.45 2.2554 2.0875 

Portugal 23 407.9 0.85 50.59 0.3517 0.3255 

Romania 12 301.2 0.816 77.70 0.5401 0.4999 

Russian Federation 11 288.9 0.824 1 644.77 11.4337 10.5826 

Slovakia 19 442.7 0.857 35.23 0.2449 0.2267 

 
6 data.worldbank.org/indicator/NY.GDP.PCAP.CD 
7 hdr.undp.org/en/data  
8 globalcarbonatlas.org/en/CO2-emissions 
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Slovenia 26 124.0 0.902 14.46 0.1005 0.0930 

Spain 30 370.9 0.893 265.60 1.8463 1.7089 

Sweden 54 608.4 0.937 43.28 0.3009 0.2785 

Switzerland 82 796.5 0.946 39.66 0.2757 0.2552 

Turkey 9 370.2 0.806 385.23 2.6780 2.4786 

United Kingdom 42 943.9 0.92 427.56 2.9722 2.7510 

United States 62 794.6 0.92 5 411.92 37.6214 34.8207 

      
Not parties to 

UNFCCC      

Aruba 25 630.3 - 0.95 0.0066 0.0061 

Bermuda 85 748.1 - 0.56 0.0039 0.0036 

Faroe Islands 55 822.9 - 0.63 0.0044 0.0040 

Greenland 48 181.9 - 0.53 0.0037 0.0034 

Hong Kong SAR, 

China 48 675.6 - 43.52 0.3025 0.2800 

Macao SAR, 

China  87 208.5 - 1.74 0.0121 0.0112 

St. Pierre and 

Miquelon 46 200.0 - 0.08 0.0005 0.0005 

Taiwan 25 008.0 - 263.73 1.8333 1.6968 

      

DG1 and DD2      

Bahrain 24 050.8 0.838 30.95 - 0.1992 

Brunei Darussalam 31 628.3 0.845 8.01 - 0.0515 

Kuwait 33 994.4 0.808 95.44 - 0.6141 

Oman 16 415.2 0.834 62.63 - 0.4029 

Qatar 68 793.8 0.848 100.76 - 0.6483 

Saudi Arabia 23 339.0 0.857 601.81 - 3.8721 

Singapore 64 581.9 0.935 48.99 - 0.3152 

United Arab 

Emirates 43 005.0 0.866 208.41 - 1.3410 
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11.4 Budget based on current mitigation targets 

Year 

all GHG emissions 
(according to climate 

law) 
non-CO2 emissions CO2 emissions 

(MtCO2e) 

2018 858.4 103.0 755.4 

2019 n/a, NR 101.7 n/a, NR 

2020 813.0 100.3 712.7 

2021 785.5 99.0 686.5 

2022 756.0 97.6 658.4 

2023 729.8 96.3 633.5 

2024 703.5 94.9 608.6 

2025 677.3 93.6 583.7 

2026 650.0 92.3 557.8 

2027 622.8 90.9 531.9 

2028 596.5 89.6 506.9 

2029 570.3 88.2 482.1 

2030 543.0 86.9 456.1 

2031 526.2 85.5 440.7 

2032 509.4 84.2 425.2 

2033 492.6 82.8 409.8 

2034 475.8 81.5 394.3 

2035 459.0 80.2 378.8 

2036 442.2 78.8 363.4 

2037 425.4 77.5 347.9 

2038 408.6 76.1 332.5 

2039 391.8 74.8 317.0 

2040 375.0 73.4 301.6 

2041 343.5 72.1 271.4 

2042 312.0 70.8 241.3 

2043 280.5 69.4 211.1 

2044 249.0 68.1 180.9 

2045 217.5 66.7 150.8 

2046 186.0 65.4 120.6 

2047 154.5 64.0 90.5 

2048 123.0 62.7 60.3 

2049 91.5 61.3 30.2 

2050 60.0 60.0 0.0 

 

Explanatory note: Bold values display data from the National Inventory Report for 2018 and targets 

set by the government in their Climate Action Plan. ‘All GHG emissions’ between 2020 and 2030 are 

based on the budgets defined in the climate law. As emissions from the energy sector are only set for 

2020, 2022 and 2030, intermediate values were calculated according to a linear reduction pathway. 

Linear reduction pathways were also assumed for GHG emissions after 2030 and non-CO2 emissions. 

CO2 emissions were calculated by subtracting the third from the second column.  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


