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ABSTRACT 

During the last century, human activity has heavily affected the marine environment. In the Baltic Sea, this 

has led to several problems including eutrophication, which has strongly reduced the marine environments 

ability to provide ecosystem services. As an answer to this, many projects has been conducted to investigate 

the potential of different eutrophication mitigation actions. One of these is to harvest and capture free 

floating macro algae and to harvest reed in shallow eutrophicated bays, aiming to both reduce the nutrient 

loading and also to utilize the biomass as substrate in biogas production. 

The first purpose of the thesis was to map and identify ecosystem services affected by the restoration action, 

link them to the multiple goods they generate and at the same time sort these to avoid double counting. The 

second purpose was to conduct a CBA to investigate if the specific action was economically profitable. To 

do this, a case study was performed in Burgsviken, Gotland. The investigation showed that the ecosystem 

services and corresponding goods affected by the action was (1) recreational experiences related to 

improved water quality (represented by increased secchi depth and cleaner and more available beaches 

and shorelines), (2) Increased commercial fish harvest (flounder, white fish, turbot), and (3) Improved 

possibilities for sports fishing. The developed schedule was judged generalizable and can thus be applicable 

to assess effects from comparable actions in similar areas. 

The CBA showed that the project’s main scenario was not economically profitable with a NPV of -165 300 

000. Because of lack of data and time, the main scenario omitted many of the benefits that would be 

generated if the restoration action was performed. Furthermore, the cost estimates were based on insecure 

secondary data, resulting in potential biased cost estimates. Consequently, a CBA including the values from 

all of the identified benefits and more accurate cost estimates could result in a positive NPV. The sensitivity 

analysis showed that the results varies significantly when different assumptions are varied and that further 

ecological investigations are required. If the maximum ecological outcome would occur, the NPV was 

approximately SEK 91 550 000, and thus, the project should be performed. Conversely, if the minimum 

ecological outcome would occur, the NPV was SEK -189 300 000. This shows that the results are very 

insecure. 

Keywords: cost-benefit analysis, eutrophication mitigation, ecosystem services, macro algae harvest, reed 

harvest, bio-methane
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1 INTRODUCTION 

The increase of human activities and global drivers such as increased economic activity have led 

to enhanced human pressures on the planets maritime ecosystems (MA 2005; Islam & Tanaka; 

Lotze et al 2006). In the Baltic Sea, this has led to environmental problems such as eutrophication, 

reduced water quality, increased turbidity, toxic organisms and the destruction of habitats 

(Rosenberg et al 1990; Elmgren 1989). As a consequence, The Baltic Sea’s ability to provide 

human beings with goods and services has decreased (Helcom, 2009). In particular, shallow 

coastal water zones have been affected negatively by these problems and thus, numerous 

eutrophication mitigation projects have been initiated to reduce nutrient inputs, both by reducing 

the net input of nutrients but also to remove nutrients from the sites (Risén et al 2013).  

This thesis takes an ecosystem service (ES) approach to identify, value and assess benefits and 

costs connected to a restoration action which has lately gained in interest, to harvest and capture 

algae and reed from shallow waters and beaches to mitigate consequences from eutrophication. 

Burgsviken, a shallow bay in the southwest of the island Gotland will serve as a case study. The 

restoration method will generate double benefits. First, the actions will reduce the negative effects 

caused by eutrophication and will thus increase the possibilities for the ecosystems to provide 

humans with goods and services, i.e. improve the provision of ecosystem services. Second, the 

harvested biomass can be used as substrate for production of biogas which, if replacing fossil fuels, 

may enable reductions of emissions of CO2. Furthermore, the digestate from the production may 

be used as organic manure, which in turn will generate less net nutrient inputs at agricultural lands. 

Despite the potential benefits and the many ongoing projects, no research has so far thoroughly 

investigated the ecosystem service benefits connected with this kind of activity and it is therefore 

of big interest to perform such an investigation (Risén et al 2013; Submariner, 2012). Moreover, 

the thesis helps to develop a conceptual framework for valuing ecosystem services connected to 

these kinds of restoration activities in shallow coastlands using the framework suggested by Keeler 

et al (2012) and thus also contributes to future research related to cost-efficient eutrophication 

mitigating actions. 
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Because of the projects very short time frame and the limited resources and amount of data 

available, the results from the conducted cost-benefit analysis will take the form of a of pre-study 

and the monetary results should therefore rather be seen as an indication of what types of values 

that are at stake. A large share of the ecological data used in this project has taken the form of 

estimations made by professional ecologists and biologists rather than results from scientific 

research. Also, the economic data is based on standard values and benefits transfer rather than 

what would have been preferred, data based on primary valuation studies from the concerned site.  

Because of the insecurities of the data used, the results should not be used as an argument for 

different policy decisions, but rather be seen as a model for what to focus on when conducting a 

real study when more information and data is available. 

1.1 PURPOSE 

The purpose of the thesis is twofold. First, to map and identify relevant ecosystem services 

connected to the concerned restoration activity and link them to the multiple goods and services 

they provide, and thus contribute to the development of a conceptual framework for valuing 

ecosystem services related to these specific restoration actions in shallow eutrophicated bays in 

the Baltic Sea region. Second, to investigate if the suggested restoration activity, to harvest and 

remove macro algae and reed from the beaches and shallow waters of the eutrophicated bay 

Burgsviken at Gotland Sweden, is economically profitable. This will be done by conducting a 

CBA, where some of the identified costs and benefits will be valued and a synoptic overview of 

the costs and benefits connected to utilizing reed and macro algae as bio methane will be presented. 

1.2 LIMITATIONS 

The restoration action is assumed to be performed in an ideal way, and thus, possible negative 

impacts on ecosystem services resulting from the restoration action is not considered in the thesis. 

If the restoration action was not performed ideally, it would be important to also value the potential 

negative effects resulting from the action.  
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The study only values the improvement in secchi depth. This was because of the lack of data and 

because of the shortage of time and the small amount of resources available. The costs and benefits 

that are not possible to value will be discussed and emphasized to help coming research projects 

to make a full scale valuation. 

The thesis will only investigate this specific method of reducing the impacts from eutrophication. 

It will not compare different methods or investigate if the method is economically efficient i.e. if 

it will give a better result than other actions given a certain amount of resources. Moreover, the 

thesis will also be limited by the lack of reliable data, and will thus rely on value transfer of both 

costs and benefits.  

1.3 GENERAL OUTLINE AND WORK PLAN 

Table 1. Work plan 

Step 1 Map relevant improvements in the provision of ES at Burgsviken, Gotland after the 

restoration action, and link them to the multiple economic goods and services that 

provide society with value. 

Step 2 Identify what goods that are possible to value and find appropriate valuation 

methods for these goods & services in a way that avoids overlaps/double-counting 

of values.  

Step 3 Estimate value (SEK) of these unique goods and services (using benefits transfer 

and market prices) and sum them to obtain a total increase in value after the 

restoration activity.  

Step 4 Estimate costs from performing the restoration action. 

Step 5 Compare costs and benefits by calculating the net present value (NPV). 

Step 6 Conduct a sensitivity- and break-even analysis. 

Step 7 Discuss if the identified services and goods are generalizable (e.g. local threshold 

effects, different kinds of recreational values, different relevant fish species etc.)  
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2 PREVIOUS RESEARCH 

2.1 ECONOMIC RESEARCH- THE BALTIC SEA 

During the last decades, there has been an increased interest in research connected to the values 

associated with eutrophicated waters in the Baltic Sea region. The Swedish Environmental 

Protection Agency (SEPA) conducted a project initiated in 2008, aiming to compile the economic 

effects of a changed marine environment in the Baltic Sea, to identify knowledge gaps in terms of 

economic effects related to marine environmental problems and ecosystem services connected to 

these problems. Furthermore, the project also suggested new areas of research. The project 

identified 40 economic valuation studies focusing mainly on eutrophication, fisheries and oil and 

marine debris. The results from the project showed that there is a need for further research valuing 

the benefits of decreased nutrient loads to the Baltic Sea and also regarding the costs of doing 

nothing. Moreover, the research was recommended to continue focusing on different areas 

connected to reduced nutrient inputs such as effects on fisheries, tourism and bathing water quality. 

The research was also recommended to be based on valuing effects from activities and scenarios 

that are feasible and possible to realise (SEPA, 2008) 

The international research network BalticStern, including scientists and partners in all nine 

countries around the Baltic Sea, has published several studies related to the values from the Baltic 

Sea since its establishment in 2007. In 2013, the report “The Baltic Sea –Our Common Treasure, 

Economics of Saving the Sea” was published, containing the main results from all research 

performed during 2009-2012. The report shows that the people living in the countries surrounding 

the Baltic Sea are willing to pay approximately € 3 800 million annually for reducing the effects 

from eutrophication according to the targets set by HELCOM:s Baltic Sea Action Plan (BSAP). 

The Swedish population’s total willingness to pay (WTP) for meeting the requirements in BSAP 

was estimated to € 838 million annually. The total costs for meeting the BSAP was estimated to 

between € 2300-2800, resulting in benefits exceeding the costs in the region of € 1000 – 1500 

million annually. 

In addition to the above projects which was initiated by authorities, a number of studies has been 

conducted by independent economists. Kosenius et al (2008) conducted a choice experiment to 

investigate the WTP for three different nutrient reduction scenarios in the Gulf of Finland, Baltic 



5 

 

Sea. The scenarios described four different improvements in water quality focusing on water 

clarity, abundance of non-attractive fish, the status of bladder wrack and the mass occurrence of 

algal mats. The study showed that water clarity was the most important attribute followed by the 

absence of algal mats. The present value for three scenarios of nutrient reductions ranged from € 

28 000 million to € 54 000 million depending on intensity of the scenario. 

Östberg et al (2012; 2013) investigated four different populations’ (locals, non-locals) WTP for an 

increase in water clarity performed at two different sites (the Eight Fjords area and Himmerfjärden) 

and found that the WTP varied from approximately SEK 102 per person to approximately SEK 

490 per person for locals depending on if the contingent valuation method (CV) or the choice 

experiment method (CE) was used. Regarding the WTP for non-locals, the values ranged from 

approximately SEK 92 per person, when CV method was used, to SEK 420 per person when the 

CE was conducted.  

Söderqvist and Scharin (2000) performed a study that valued the benefits associated with a reduced 

eutrophication in the Stockholm archipelago by an application of the contingent valuation method, 

with both open-ended and close-ended questions about the WTP for a hypothetical increase in 

secchi depth of one metre. The mean WTP for residents was estimated to SEK 436-725/year per 

person which corresponds to a population estimate of SEK 506-842 million/year.  

Ahtiainen and Vanhatalo (2012) used a Bayesian meta-analysis to summarize information from 

available research (20 articles) on values connected to reduced eutrophication in European sea 

areas. The study provided welfare measures from different scenarios with different impacts, from 

small changes only affecting local areas to substantial changes affecting multiple dimensions in 

the Baltic Sea. The results showed a predicted mean annual WTP per person ranging from $6 for 

a small change to $235 for a substantial change in a larger area in the Baltic Sea. 

In a study by Frykblom (1998) estimations of the WTP for reducing nutrient emissions by 50 % in 

the Laholm Bay at the Swedish west coast was made. It performed a CV-study and the payment 

vehicle used was an increase in the monthly tax by SEK 20, 40, 100, 200 and 250 for a twenty 

year period. The mean annual WTP was estimate to SEK 747 per person, which corresponds to a 

population estimate of SEK 90 million. 
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A study made by Sandstrom (1996) used the travel-cost method to estimate the recreational benefit 

associated with two different cases. The first was for a 50 % reduction in the nutrient load along 

the Swedish coastline, and the second was for a 50 % reduction in the nutrient load in the Laholm 

Bay. In the first case, the increase in consumer surplus associated with the resulting increase in 

secchi depth was estimated to SEK 240 million/year or SEK 540 million/year depending on model 

specifications. For the second case, the corresponding results were SEK 12 million/year or SEK 

32 million/year. 

Hasselström et al (2006) estimated the loss in producer surplus on the camping market on Öland 

from beaches and shallow sand sea bottoms being covered by macro algae. The study estimated 

the yearly costs for beach cleaning performed by camping owners to increase the attractiveness to 

tourists.  The yearly costs for beach cleaning on Öland was estimated to be in the range of SEK 92 

000-344 000. Furthermore, the study argues that these costs only illustrates a subset of the true 

losses for camping owners. The authors therefore developed a model using hedonic pricing to take 

this in to consideration. Using the model, it resulted in an estimation of total profit-loss to 

producers of SEK 100 000-6 500 000 depending on different scenarios. 

In a study by Soutokorva (2001), recreational benefits from improving the average secchi depth 

was valued using a Random Utility Model. The study makes an empirical link between an increase 

in the secchi depth and an increase in consumer surplus for archipelago recreationists.  The study 

shows that the recreational benefits derived from an increase in the secchi depth are in the range 

of SEK 85-273 million, depending in the specifications made in the model, and the value attached 

to travel time. 

To sum up, the extensive research that has been performed the last decades supports the fact that 

the population living in the Baltic Sea area are willing to pay for a better environment and water 

quality in the Baltic Sea. This suggests that the area may not be well managed at the moment and 

that projects aiming to improve the environmental quality potentially could increase society’s 

aggregate utility. 
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2.2 MACRO ALGAE AND REED 

Only one study that investigated the ecological and economic effects of performing the concerned 

restoration activity was found. Even though mos of the studies related to the concerned or similar 

restoration activities so far has focused on ecological and energy assessment (e.g. Risén et al 

2013,2014; Hughes et al 2012; Wei et al 2013), Blidberg et al (2012) investigated the economic 

effects of performing a restoration action in Kalmar County, focusing on harvest and utilization of 

reed. The economic analyses showed results ranging from an economic loss of SEK 1210 per ton 

(t) wet weight (wwt) reed to a profit of SEK1480 per/t wwt reed depending on method used. The 

study is not thoroughly investigating the complex relationships linking ecological functions with 

economic valuation, and is also double counting values connected to reductions in nutrients 

resulting from the action, which makes these results biased and thus non-reliable. 
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3 THEORETICAL FRAMEWORK 

The free market system will, in theory, generate an economically efficient allocation if the 

institutional arrangements that defines a perfect competitive market is in place, together with that 

the economic agents participating in the market behave in the way of maximizing utility/profits 

(Mas-Colell et al, 1995). It will efficiently use the decentralized information of individuals and 

firms to achieve an efficient resource allocation in the economy. Not many real world markets are 

characterized by these ideal conditions and the presence of market failures in an economy is 

usually the more common case (Perman et al, 2011).  

Many of the environmental goods and services that human beings value take the form of public 

goods and the production or consumption of these goods causes externalities. An externality exists 

when the consumption or production decision made by an agent causes a benefit or a cost to a third 

party not directly involved in the market and thus, this cost or benefit is not internalized in the 

price reflecting the transaction (Leach, 2004). In the case of the Baltic Sea, and more specifically 

Burgsviken, farmers, agricultural industries and municipalities managing wastewater treatment 

plants, has not taken into account, or been held responsible for, the costs that their actions has 

caused (external effects) in the nearby waters. This has in turn led to too much emissions of 

nutrients (primarily nitrogen and phosphorus) and heavy metals, relative to an efficient allocation. 

The pollutants have caused eutrophication and thereby degraded the ecosystem´s possibilities and 

potential to produce and provide services to the concerned population. Looking at the issue from 

the perspective of the suggested restoration activities, the actions taken will cause beneficial 

external effects to economic agents and if these effects are not valued and accounted for in the 

decision making, too few of these activities will take place, resulting in the economy not reaching 

an efficient allocation. The above reasoning can be interpreted as; to increase the agricultural or 

wastewater treatment activities will be economically efficient as long as the marginal value of the 

extra goods or services produced is larger than the forgone value in the services generated by the 

ecosystems. Or from the perspective of the restoration activity, it will be economically efficient to 

continue with restoration activities as long as the marginal increases in benefits from ecosystem 

services provided by the Baltic Sea and Burgsviken is larger than the marginal costs of performing 

the restoration. One solution to market failures caused by external effects is to create a system 

which will compensate or make the agents liable in a proper way, which then in turn will influence 
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their actions and thereby reaching an efficient allocation. To achieve this, it is required to know 

the economic value of the external effects (Hanley et al, 2007). In a perfectly competitive market 

economy, the value people put on environmental goods and services will be represented by the 

price of the good or service, but when externalities exists, non-market valuations are necessary.  

3.1 NON-MARKET VALUATION 

The theoretical foundations of non-market and environmental valuations originates from the 

assumption that it is possible to put monetary measures on utility changes derived from changes 

in the quality or quantity of environmental goods or services (Perman et al 2011). To formalize, 

assume a representative individual with a well behaved utility function consisting of two 

arguments, a composite good x, and an environmental good e. The utility function U(x,e) shows 

how the individual can reach a specific utility level by different combinations of the two goods. 

Let e0 be a specific amount of environmental goods and e1 be a higher amount of the particular 

environmental good, resulting from a specific performed restoration activity. Given that the 

composite good x is unaltered, the change in utility resulting from the increase in environmental 

good can be described as: U(x, e1)-U(x, e0). Moreover, assume a cost for the restoration action of 

p per individual. The individual would then like the action to go through if: U(x-p,e1)>U(x,e0). 

The representative individuals maximum WTP for performing the action is then: U(x-

pmax,e1)=U(x,e0). This measure is known as the Compensating Variation (CS). If we would have 

constructed the case to show the opposite, and thus investigate how much the individual would 

demand to remain on the higher utility level if the environmental quality would decrease to e0, we 

could show the individual´s Equivalent Variation (EV). These non-market valuations can be done 

by a various range of techniques, which usually are divided into the groups Stated- and Revealed 

preferences (for a brief overview see e.g. Perman et al 2011; Hanley et al, 2007).   
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4 METHOD 

4.1 COST BENEFIT ANALYSIS 

Cost benefit analysis (CBA) is the social appraisal of projects, including public and private sector 

projects. The basic rationale with CBA is that it aims to help achieve a more efficient allocation of 

society’s resources. This is done by weighing costs and benefits, monetize them, and if a project 

has a positive net present value (NPV) after correcting for market failures and taking externalities 

into account, the project should go ahead (Boardman et al, 2011). In this context, benefits and costs 

should be seen as increases and decreases in society’s utility, which needs to be monetized to be 

comparable, and where society reflects the sum of the concerned individuals. CBA also involves 

the process of assessing the consequences of a project in terms of costs, benefits and distributional 

effects among stakeholders for the entire lifetime of the project (Perman et al, 2011). 

This thesis performs an ex-ante CBA meaning that judgements and assessments of potential effects 

are required. An ex-ante CBA can usually in a good way assist decision makers of whether “to 

go”, or “not to go” for a planned project, but in this particular thesis, the data used includes too 

many uncertainties, and therefore, decision makers should not solely base decisions on these 

results. In this project the lion’s share of the judged benefits generated can be classified as external 

effects and thus a large part of the CBA focused on mapping, identification and valuation of 

externalities. 

The general decision rule is to perform the project if the NPV is positive. If there are more than 

one alternative, the project generating the largest positive NPV should be chosen and performed. 

In the case where no NPV is positive, none of the projects should be performed and status quo 

should remain. Even though this is the general decision rule, there are two main branches of 

criticism directed at CBA. The first concerns the ethical framework underlying CBA, where the 

usually used Kaldor-Hicks compensation principle and utilitarian framework is considered unfair 

(Hanley, 2001). These critics does not accept the principle of making trade-offs between one 

individual’s benefits and another individual’s costs (Boardman, 2011). The second critique is 

regarding the capacity and objectivity of analysts to identify all relevant impacts, to monetize non-

market costs and benefits and how to make judgements about values generated over time 

(Boardman, 2011). 
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4.1.1 Discounting 

When dealing with projects that investigates environmental effects of restoration activities, costs 

and benefits will commonly arise in different time periods and these values must therefore be 

transformed to be intertemporally comparable. To make these values comparable, the future costs 

and benefits needs to be discounted such that the values are presented by a common metric. This 

common metric, the net present value (NPV), which can be separated in present value of benefits 

(PVB) and present value of costs (PVC), makes values comparable even if the payments occur at 

different time periods (Zhuang et al, 2007). The formula for the net present value is: 

𝑁𝑃𝑉 = ∑
𝐵𝑡

(1 + 𝑟)𝑡
− ∑

𝐶𝑡

(1 + 𝑟)𝑡

𝑛

𝑡=0

𝑛

𝑡=0

 

         (Boardman, 2011) 

where the social rate of time preference r can be defined by the Ramsey equation: 

𝑟 = 𝜌 + 𝜂𝑔 

where ρ is the pure time preference i.e. a measure of people’s impatience, η is the elasticity of the 

marginal utility of consumption and g is the growth rate. When it comes to the value of ρ, some 

economists, the descriptive school, argue that individuals show positive time preference because 

of their need of an interest payment to postpone consumption, which is a sign for impatience. Thus, 

society should also treat intertemporal choices in the same way which motivates ρ>0. The other 

orientation, the prescriptive school, argues that utilities should be treated equally over time periods, 

which in turn results in a rate of utility discounting close or equal to zero. The economists that 

identifies with the prescriptive school, but still advocate a positive ρ argues that the probability 

that the human species will be distinct is non-zero and this in turn motivates a small but positive ρ 

(Harrison, 2010). Even though it is no longer a big disagreement about whether conducting 

discounting in projects that involves costs and benefits that occur at different time periods, there 

is no consensus about what rate of interest to use. The recommendation is therefore to perform 

sensitivity analyses to test the chosen discount rates impact on the final results (Perman et al 2011). 

(1) 

(2) 
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This thesis used a discount rate of 3 % for the main scenario and tested the robustness of the results 

at a discount rate of 2%, and 4 % in the sensitivity analysis.1 

4.1.2 Time frames 

When conducting projects where costs and benefits will be generated in the future, the selection 

of relevant time frames will be of great importance for the final results. What time frame that 

should be chosen depends on the environmental context and circumstances (UK,NEA, 2011). 

Because of this projects specific setup and circumstances the project’s time frame was decided to 

be 20 years.  

4.2 ECOSYSTEM SERVICE APPROACH  

The thesis uses an ecosystem service approach to map and identify the relevant external effects 

connected to the suggested restoration action. Even though ecosystem services has been a well-

known concept in the academic world since it first was introduced by Ehrlich & Ehrlich (1981) it 

had its major breakthrough in the political and business community by the establishment of the 

Millennium Ecosystem Assessment (MA) in 2005 and later by the establishment of the global 

network “The Economics of Ecosystem and Biodiversity” (TEEB). Ecosystem services has several 

different but closely related definitions. MA defines ES as “benefits that people obtain from 

ecosystems” whereas TEEB defines ES as “the direct and indirect contributions of ecosystems to 

human well-being”. TEEB:s definition follows, in principle, the definition by MA but also makes 

a distinction between benefits and services and explicitly recognises that these services can 

generate utility in both direct and indirect ways (TEEB, 2010). 

There has been extensive scientific research connected to the concept of ecosystem services during 

the last decade but in spite of this, there is still much debate about definitions, classification and 

categorizations (see e.g. Boyd and Banzhaf 2007; Costanza 2008; Wallace 2007; Fisher et al 2009). 

Some authors have proposed that multiple classifications are necessary to take into account the 

complex relationships and systems underpinning socio-ecological issues (Costanza 2008; Fischer 

et al, 2009) while others has recognized this as a problem. As a consequence, the Common 

International Classification of Ecosystem Services (CICES) was developed from the work on 

                                                 
1 For a more thorough review about the theoretical and ethical foundations of discounting and about choice of rates 

see eg. Nordhaus, 2007; Weitzman, 2007, Heal, 2007 and Dasgupta, 2008). 
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environmental accounting undertaken by the European Environment Agency (EEA). The 

problems recognized by CICES were related to the lack of comparability between the works made 

based on different definitions and thus the lack of generalizability of methods. This in turn 

complicates the use of environmental accounting and the possibilities for value transfer between 

countries and sites (Haines-Young and Potschin, 2011).   

This thesis bases the identification of ecosystem services on the classification system introduced 

by MA (2005) and applies it on the approach presented by Keeler et al (2012), which is focusing 

specifically on categorizing ecosystem services generated by changes in water quality, on 

integrating biophysical and economic research, to separate values generated, and at the same time 

avoid double counting. In addition, the thesis follows the typology advocated by UK NEA (2010), 

CICES (2011), Fisher et al (2008), Haines-Young and Potschin (2011) Bateman et al (2011) and 

Fischer et al (2009) and categorizes ecosystem services in intermediate services, final services and 

benefits/goods. This is because by clearly delineating the ecosystem services into intermediate 

services, final services and goods, which the valuation focuses on, the method used for mapping 

values will be more transparent and the risk for double counting will decrease (Fisher et al 2009). 

It is based on the same rationale as the one in national accounting, i.e. valuation should only be 

applied to the goods directly consumed by a beneficiary, because the value of the underlying 

structures and processes that contributed to the final good are already included in the estimate 

(Haines-Young and Potschin, 2012). This does not mean that the final services are more important 

or valuable than the intermediate services, but rather, the distinction arises because of the essential 

accounting identity to count everything, but only to count it once (Boyd, 2010). Moreover, the 

differentiation will also increase the understanding of the spatial and temporal distribution of the 

provision of the services, how to assess them and also untangle the final services´ dependence on 

the intermediate services (TEEB, 2010). To exemplify, production of juvenile shelter for fish is an 

intermediate service, while production of fish is a final service and the good valued should be the 

actual capturing or ability to capture the fish (recreational or commercial) less human inputs, as 

the goods are typically utilized by ecosystem services in combination with capital that humans 

provide like equipment, knowledge etc (Fisher et al, 2009). The approach presented above is in 

this study somewhat modified to match the specific restoration activity: the consequences on 

ecosystem services from removing and harvesting macro algae and reed from eutrophicated 

shallow bays in the Baltic Sea.   
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5 CASE STUDY BURGSVIKEN 

5.1 CASE STUDY AREA 

The study site Burgsviken is located at the south west part of the island Gotland and is the largest 

maritime bay on the island, covering around 23 km2 and with a catchment area of 58 km2 (Träff & 

Tellman 1990). The bay is very shallow, with a maximum depth of 4,9 metres and the interchange 

of water with the Baltic Sea is limited. Currently, there are 945 inhabitants permanently living in 

the local area Burgsvik and Storsudret2 but during summer the inhabitants almost doubles (FÖP 

Reg.Gotland, 2013). In addition, approximately around 250 000 tourists are visiting the southern 

parts of Gotland for at least one day annually.3 The bay has previously been widely used for 

recreational activities like bathing, hiking and fishing and during the last decades of the twentieth 

century recreationists were transported by train from nearby cities to the bay area. Moreover, in 

the 1950:s and 1960:s, there was an extensive commercial fishing of primarily white fish in the 

bay. Because of the bay's relative shallowness and the limited amount of water exchange, local 

actions could potentially generate local improvements, i.e. the bay's environmental quality is not 

entirely dependent on the conditions of the Baltic Sea (Träff & Tellman 1990). 

 

 

 

 

 

 

 

 

Figure 1.Map of Burgsviken © Lantmäteriet Medgivande 2014/0057 

                                                 
2 Storsudret is the peninsula partly surrounding the bay Burgsviken. 
3 Pers.comm.Jan Larsson- project leader Rädda Burgsviken 
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5.2 PROBLEM-BASELINE 

The bay has not yet been subject to a thorough scientific investigation considering the ecological 

status and thus, the presentation of the status of the bay had to be approximated by interviews of 

the project leader for the project ‘Rädda Burgsviken’ (Save Burgsviken) and by biologists and 

ecologists connected to the project. 

Burgsviken is currently severely troubled by eutrophication caused by too much nutrient inflow, 

mainly due to emissions from nearby wastewater treatment plants and leakages from agricultural 

lands.4 Additionally, ten waterways flows into the bay which also brings nutrients from land not 

used for agriculture. Moreover, the bay suffers from too much heavy metals like cadmium, 

mercury and lead. The eutrophication has also caused increased turbidity, increased growth of 

filamentous macro algae in the water and increased growth of reed on the beaches and shorelines. 

These problems has in turn heavily decreased the stocks of fish, the depth distribution of vegetation, 

the degree of biodiversity and the bay’s ability to recover from disturbances.5  

5.2.1 Macroalgae and reed 

As mentioned in the section above, the growth of macro algae and reed has increased heavily as a 

consequence of the increased eutrophication during the last decades. Macro algae live in aquatic 

environments, predominantly at the sea bottom and can occur in three stages, as attached, as free-

floating and as beach cast. When the ecosystem is in balance, the algae’s are of great ecological 

importance in its role as primary producers in the marine food chain and in supplying the sea with 

oxygen (Submariner, 2012).  

The common reed grows best in shallow fresh or brackish water, which makes many areas around 

the Baltic Sea ideal for growth. Reed is one of the most productive plants in the world and reed 

beds can occupy hundreds of hectares if the conditions are favourable enough. Furthermore, reed 

can be harvested regularly without having any impacts on the ability to reproduce (Submariner, 

2012). It has previously been seen as a resource and been utilized for construction, feed and fodder. 

Recently, reed has been rediscovered as a resource for energy production and as a useful way of 

removing nutrients from water systems due to its high biomass. If not performed properly, 

                                                 
4 Pers.comm. Jan Larsson -project leader Rädda Burgsviken 
5 Pers.comm. Fredrik Gröndahl-KTH, Jan Larsson-project leader Rädda Burgsviken 
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harvesting and removal of reed and algae might cause negative impacts on an ecosystems ability 

to provide ecosystem services in terms of degraded bird habitats and coastal morphology.  

5.3 RESTORATION ACTIVITIES  

The concerned restoration method consists of two parts. First, to remove free floating macro algae 

from the beaches, shorelines and shallow waters of Burgsviken. The harvesting of attached algae 

is currently considered unsustainable due to its important ecological role in terms of generating 

important habitats. Second, to harvest reed from beaches and shorelines which has grown 

extensively as a consequence of the eutrophication. The activity could be done by tractors, 

remodelled reapers and also by hand. There are multiple methods and ways to perform these 

actions and the specific way that will be implemented in this particular case has yet to be 

determined, so no more precise account of the actions can be made at this stage (for an overview 

of pros and cons with different methods see e.g. Submariner 2012 and WAB 2010). 

It is important to emphasize that the suggested method do not address the actual root of the 

eutrophication problem, and will thus not solve the problem’s source in the long run. It should 

rather be seen as a complementary action that will generate quick improvements at eutrophicated 

shallow bays. The action will decrease the nutrient loading in the bay, primarily nitrogen and 

phosphorus, which in turn will generate long run effects. But in addition to this method, other 

activities, e.g. reducing the emission from the wastewater treatment plants and the leakages from 

the nearby agricultural lands, should also be implemented to decrease the consequences of the 

problems in the long run. It is important to note that in this thesis, it is assumed that the restoration 

action will be performed in an ideal way and with an optimal timing, and thus minimizing potential 

harmful impacts such as negative effects on biodiversity, bird habitats and food web dynamics. If 

the action will not be performed in an ideal way, the action might also generate negative impacts 

on the bay’s capacity to generate ecosystem services (Submariner, 2012).  

5.4 EFFECTS ON ECOSYSTEM SERVICES IN THE BAY 

The restoration activity will affect the bay’s potential to supply ecosystem services in several ways, 

both direct and indirect, short and long term. Figure 2 below shows a schedule of the projected 

effects of the restoration. The action will primarily positively affect the intermediate services 

presented in figure 2, which in turn will affect the provision of the final ecosystem services. These 
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final ecosystem services will provide economic goods that society values, and thus, the valuation 

should focus on these.  

 

Figure 2. Identified ecosystem services. Based on Keeler et al (2012) and Cole (2013) 

 

The economic goods generated from the improved provision of ecosystem services are (1) 

recreational experience related to improved water quality, (2) increased commercial fish harvest 

and (3) improved possibilities for sports fishing. The identified goods are decomposed into 

subcategories in table 2. 
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Table 2. Identified ecosystem goods 

Economic good Biophysical change or 

endpoint valued 

Economic value 

approach 

1. Recreational 

experience related to 

improved water 

quality  

(i) Increased Secchi 

depth 

WTP study 

(ii) Cleaner and more 

available beaches 

and shorelines – 

less algal mats and 

wrack  

WTP study 

2. Increased 

commercial fish 

harvest 

(i) Ton of flounder  Production function or 

market price (ii) Ton of turbot 

(iii) Ton of whitefish 

3. Improved 

possibilities for 

sports fishing 

(i) Increase in stocks 

of pike and perch  

WTP study 

 

The first good, recreation experience, will primarily generate values in terms of (i) increased secchi 

depth which makes e.g. swimming more attractive, and (ii) cleaner and more available beaches 

and shorelines. Concerning the second good, increased commercial fish harvest, it will generate 

values for fishing companies (increased producer surplus) and fish consumers (increased consumer 

surplus) in terms of the values connected to the increased catch of (i) flounder, (ii) turbot and (iii) 

white fish. These goods were not possible to value in this study due to the lack of ecological data 

and also because of the complex and long term ecological relationships linking the restoration 

action and the potential increase in fish production. Furthermore, even though it unambiguously 

will have positive effects on the stocks concerned, it is hard to deduce effects that comes solely 

from this particular restoration action.  

Even though recreational fishing has been shown as highly valued by society (see e.g. Paulrud, 

2004; Toivonen et al, 2000), the third good ‘improved possibilities for sports fishing’ was not 

valued in this study because of the lack of data and because it was judged to only provide relatively 
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small values in this particular context. At Burgsviken, no highly demanded fish species would be 

directly affected by the action, and hence, no valuation study was judged required. At other sites 

in the Baltic Sea more demanded species like salmon or trout could be affected, and in those cases, 

more focus should lie on the valuation of recreational fishing. 

Optimally, if more resources were available, all of the identified goods in table 2 should have been 

valued by a specifically designed CV-study or by a CE. In reality though, resources are limited 

and less demanding valuation methods has to be considered. As an answer to this, the identified 

goods were separated and divided into subcategories to avoid double counting and to enable 

valuation by the relatively easy performed method benefits transfer, by using market prices or by 

the production function method. Even though, as the reader can see, the restoration action will 

generate multiple goods that people benefit from, the only good valued in this thesis is the increase 

in secchi depth. For a complete valuation, all of the other identified goods should also have been 

valued.  

5.5 BENEFITS TRANSFER 

The method used for estimating the values of the increased secchi depth was the Benefits Transfer 

method (BT). The BT method involves the transfer of an economic value obtained from a certain 

valuation context (the study site) where a primary valuation study has been conducted to estimate 

the value at another place, the policy site. It is thus not a valuation method in itself but rather a 

method that transfers already derived values (Desvousges et.al. 1998). BT is primarily used when 

there is a shortage of time and resources available to conduct a primary valuation at the site of 

interest. The rationale for using the method is that there are sufficient similarities between two 

different areas, and consequently, the values from one of these can be used to approximate the 

values at stake at the other (Navrud 2007). 

There are primarily two different versions of benefits transfer, unit value transfer and function 

transfer. The unit value transfer relies on the assumption that the utility experienced by an 

individual at the study site is similar to the utility experienced by an individual at the policy site. 

These assumptions implies that it is possible to transfer a benefit estimate like WTP between the 

sites (Rosenberger et al, 2003). One of the obvious problems with the method is that individuals 

might experience different utilities due to different preferences or due to differences between the 
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study site and policy site in terms of e.g. geographical differences and available substitutes 

(Navrud, 2007). 

Function transfer involves the transferring of an entire demand or benefit function and can thus be 

seen as more appealing to researchers because of the ability to correct for differences between two 

sites in terms of environmental differences and differences in socio-economic variables (Navrud 

2007). This means that when the valuation of the study site (Vs) is a function of context-specific 

characteristics (Qs) like geography, geology, climate etc. and other variables which influence the 

valuation (Xs), such as demography, preferences and time, it is possible to adjust these variables 

to the policy site (Rosenberger et al, 2003). Even though the method is theoretically superior to 

the unit value transfer method, validity transfer tests has shown that in practice this is often not the 

case (see eg. Pattanayak & Smith; Navrud et al 2007). Unit value transfer is therefore commonly 

more often recommended due to the fact that it requires a lot less resources (Håkansson, 2013; 

Navrud, 2007). 

It lies in the nature of the method that it will contain imperfections and it should thus be cautiously 

applied, and when applied, it is important that the researcher perform the method in a transparent 

manner (Navrud, 2007). A common way of assessing the validity of benefits transfer is to measure 

the transfer error. Transfer error is defined as the difference in percent between the transferred 

estimate and the actual welfare estimate for the policy site. 

𝑇𝐸 = |𝑊𝑇𝑃𝑇 − 𝑊𝑇𝑃𝑃| ∙
100

𝑊𝑇𝑃𝑃
 

 

Where WTPT is the transferred estimate and WTPP is the “true”6 value at the policy site. In a 

literature study conducted by Navrud (2007) an average transfer error of around 25-40 % was 

found, and thus, the general recommendations is to not perform BT unless a transfer error in the 

region of 25-40 % is defensible. Consequently, a common recommendation is to perform 

sensitivity analyses of transfer errors in this region to test for the transfer errors impact on the NPV 

                                                 
6 The true value is never really available so it is rather an estimate of the true value made from a primary study 

conducted at the specific site 

(3) 
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(Håkansson, 2013). Furthermore, when large transfer errors are suspected, the size of the critical 

transfer error i.e. when NPV is zero, is recommended to be calculated (Navrud, 2007).  

5.6 VALUATION OF AN INCREASE IN SECCHI DEPTH 

For the first identified economic good, increased recreational possibilities, the subcategory valued 

was (i) increase in secchi depth, which is well researched and proven to be a good that people 

values (se e.g. Egan et al 2008; Moore et al 2011). The restoration action was estimated to generate 

an increase in secchi depth of one metre. Because of the relative shallowness and the limited 

exchange of water with the Baltic Sea, the effects were assumed to go through immediately after 

the action was performed. Furthermore, the effects were assumed to persist for one year before the 

effects in secchi depth had diminished and a new restoration action had to be undertaken. Because 

of the ecological uncertainties, a sensitivity analysis will test how the final result will be affected 

if the secchi depth increases by 0,5 or 2 metres. 

After reviewing the databases Valuebase 7  and NEVD 8  and more recent published studies 

conducted in the Baltic Sea concerning secchi depth, the following five studies were found 

relevant: Söderqvist and Scharin (2000) Soutokorva (2001) Eggert and Olsson (2003, 2009), 

Östberg et al (2010, 2011, 2012) and Ahatainen et al (2012).  

After further investigation and assessments of the relevance and quality, following the guidelines 

presented in Navrud (2007), Håkansson (2013) and Soutokorva and Söderqvist (2005) the study 

conducted by Östberg et al (2013) was found most relevant for a transfer to Burgsviken. This was 

because of its relevance in the economic good valued (secchi depth), the similarities’ in the 

baseline conditions and the magnitude of the ecological change. Furthermore, it concerned a 

Swedish population and it was the most recent study together with the study made by Ahtiainen et 

al (2012) 

The chosen study: “Benefit Transfer for Environmental Improvements in Coastal Areas: General 

versus Best-Fitting” by Östberg et al (2013) performs a CV-study and a CE-study to investigate 

the WTP for an increase in water quality according to the Swedish EPA:s definition of levels of 

                                                 
7 The Valuation Study Database for Environmental Change in Sweden containing empirical economic valuation 

studies performed in Sweden. 
8 The Nordic Environmental Valuation Database containing valuation studies performed in the Nordic countries. 
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water quality divided into very low, low, moderate, good and very good. A web-based survey was 

conducted in 2009 where the panels consisted of randomly selected adults living nearby the 

Himmerfjärden and Eight Fjords areas. The respondents were divided into groups labelled locals 

and non-locals where locals lived close to the areas and non-locals lived in an area of about 30 km 

within the sites. The conducted valuation methods captures both use and non-use values, but values 

derived from CE:s are usually seen as more credible because they involve stages where the 

respondents has to make trade-offs and the method can thus generally in a better way explain the 

drivers behind the WTP:s (Hanley et al 2001). The CE studies were thus chosen for the value 

transfer. Furthermore, based on the recommendations in Håkansson (2013), Navrud (2007) and 

Bateman (2011) the transfer method chosen was unit value transfer which was adjusted for 

inflation and economic growth. 

The chosen study treats two different CE:s, one at Himmerfjärden south of Stockholm, and one at 

the Eight Fjords area, close to Gothenburg. The difference in populations between the Eight Fjords 

area study and the Himmerfjärden study was both judged similar to the policy site but the area 

characterizing Himmerfjärden has more comparable geographical characteristics to Burgsviken 

than the Eight Fjords study, and consequently the WTP:s from the Himmerfjärden study were 

chosen for the transfer. 

Following the method used by Kinell et al (2012), approximating an increase of water quality as 

used in Östberg et al (2013) by one step as two metres, and also assuming a linear relationship 

between WTP and the secchi depth in this interval, the WTP:s per household for a one step increase 

in water quality was transformed to WTP per metre per household and month. In addition, it was 

also translated to WTP per metre per person and year by multiplying by twelve (amount of months) 

and divide by 1.8, the average numbers of adults over 18 in Swedish households 9 according to 

equation (4). 

𝑊𝑇𝑃𝑡0 =  
𝑊𝑇𝑃

𝑚𝑒𝑡𝑟𝑒
∙

𝑚𝑜𝑛𝑡ℎ

𝑎𝑑𝑢𝑙𝑡𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
 

Where WTPt0 is the willingness to pay estimate transformed to reflect WTP per metre, per person 

and year, and WTP is the study’s original estimate.  

                                                 
9 Pers.comm. Thomas Johansson, Statistics Sweden 

(4) 
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Moreover the WTP values were transformed to correct for inflation and economic growth, using 

consumer price index and indexes for change in income level for 2013 according to equation (5): 

𝑊𝑇𝑃𝑡1 = 𝑊𝑇𝑃𝑡0 ∙ (
𝑌𝑡1

𝑌𝑡0
)

𝛽

(
𝐶𝑃𝐼𝑡1

𝐶𝑃𝐼𝑡0
) 

Where WTPt1 is the estimate adjusted for inflation and growth, WTPt0 is the estimate calculated in 

equation 4, Yt1 and Yt0 is the GDP index for 2013 and 2009 respectively, β is the income elasticity 

of demand for the concerned ecosystem service or good and CPIt1 and CPIt0 is the consumer price 

index for 2013 and 2009 respectively. All the variables are available except for β, which measures 

how one percent change in income changes the demand for secchi depth, measured in percent. 

Some Swedish studies has indicated that environmental goods are viewed as luxury goods, 

resulting in values larger than 1 (e.g. Galwash, 2006) while other indicate values lower than 1 

(Kanninen and Kriström, 1992; Kriström and Riera, 1996; Söderqvist and Hökby, 2003). In this 

study β was assumed to be 1. 

The chosen study allowed the concerned population to be divided into two different groups, locals 

and non-locals. This was also very much in line with the information local stakeholders 

emphasized when they were asked about the concerned population. They stressed the fact that the 

bay’s condition would both affect the people living nearby but also people living in the area of 

about 30-40 km from the site. The concerned population was therefore divided into locals and non-

locals, where locals were defined as people living at Storsudret, the peninsula partly surrounding 

Burgsviken, and the inhabitants at the parishes Näs and Grötlingbo while non-locals were defined 

as inhabitants living in an area of approximately 30 km from Burgsviken. Using equations (4) and 

(5) from above, a specific WTP was calculated for locals and non-locals respectively. 

  

(5) 
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Table 3. WTP secchi depth 

Original Estimate, WTP 2009 (SEK per one 

step improvement (household/month) 

Adjusted WTPt1 2013 ( SEK per approximate 

1 m increase /person/year) 

Locals Non-locals Locals Non-locals 

391.44 

(325.96–453.56) 

317.05 

(263.89–368.36) 

1537 

(1279,83-1780,83) 

1245 

(1036,12-1446,31) 

 

The population 10 presented in table 4 was assumed to be constant over the 20 year project time. 

Table 4. Population 

Locals (above 18) Non-locals (above 18) 

1149 4859 

 

Moreover, the local stakeholders highlighted the fact that due to people visiting their summer 

houses the population more than doubled during summer, and that the amount of tourists visiting 

the south part of Gotland for at least one day reached about 250 000- 300 000 during summer.11 

Optimally, the tourists’ and people spending time in their summerhouses should constitute two 

additional populations with specific WTP estimates. These values were omitted in this study, 

primarily by two reasons. First, there was no relevant studies showing a tourists’ or summer guests’ 

WTP for an increase in secchi depth readily available. Second, there were no reliable data of the 

total amount of summer guests and tourists visiting the Burgsviken area during a summer available. 

These two reasons resulted in a conclusion to omit these values, and thereby assigning a valuation 

of zero for summer guests and tourists. Even though this is not very likely, a valuation would 

contain too many unsecure assumptions and therefore this more conservative approach was 

chosen.12  

                                                 
10 After consultation with a statistician at the county administration of Gotland, data on the local and non-local 

populations was received. 
11 Estimation made by the county administration of Gotland 
12 An alternative, and less conservative way to handle this would be to assume equal WTP:s for summer guests and 

tourists as for the local/non-local population, assume that the WTP is equal for each day and to assume that the summer 

guests’ spend a certain amount of days at the bay area. By doing this, an approximation of summer guests’ and tourists’ 

valuation of the improved ecological status could be derived. 
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To value the one metre increase in secchi depth at Burgsviken equation (6) and (7) was used: 

 

 

Where TWTPLocals/Non-locals is the total willingness to pay for an one metre increase in secchi depth 

by locals and nonlocals, ΔSD is the change in secchi depth, WTPt1, resp,Locals/Non-locals is the marginal 

WTP for an increase in secchi depth by one metre per person and year among respondents, adjusted 

for growth and inflation, θ is the proportion of respondents (0,31) and N1 and N2 is the size of the 

local and non-local population respectively. Furthermore, an assumption has to be made about the 

WTP for non-respondents since this is unknown. Kinell et al (2012) use a conservative approach, 

assuming zero WTP for non-respondents. This assumption is questionable, assuming that all of 

the non-respondents have zero WTP for an increase in secchi depth. φ represents the assumed 

fraction of the respondents WTP chosen by the researcher and thus φ multiplied with WTPt1,resp 

represents the willingness to pay among non-respondents. A sensitivity analysis will be conducted 

testing for a WTP for non-respondents of 0, 50 and 100 % of the WTP stated by respondents where 

φ will be set to 0 in the main scenario and will be varied between 0,5 and 1 in the sensitivity 

analysis.  

The two populations’ TWTP is then summed to get the TWTP at Burgsviken for an increase in 

secchi depth by one metre. 

𝑇𝑊𝑇𝑃𝐿𝑜𝑐𝑎𝑙𝑠 + 𝑇𝑊𝑇𝑃𝑁𝑜𝑛𝑙𝑜𝑐𝑎𝑙𝑠 = 𝑇𝑊𝑇𝑃𝐵𝑢𝑟𝑔𝑠𝑣𝑖𝑘𝑒𝑛 

The total WTP was estimated to SEK 547 464 for locals and SEK 1 875 331 for non-locals. This 

gives a total willingness to pay for a one metre increased secchi depth at Burgsviken of SEK 2 422 

795. 

(6) 

(7) 

(8) 
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5.7 BENEFITS FROM THE BIOMASS 

The harvested biomass, containing reed and macro algae, can be utilized in many different ways 

including as fodder, as production material, as food and as substrate for production of biogas 

(Submariner 2012). In this study it is assumed being utilized as substrate for production of biogas 

and bio methane, and the digestate is assumed being utilized as fertilizers. The total annual amount 

of reed was estimated to be 6000 t wwt/year and the total amount of macro algae was estimated to 

be 600 t wwt/year. Costs and benefits from previous studies (see below) will be used to 

approximate the values relevant at Burgsviken. Currently, there is not a complete system including 

all the steps required from harvesting to ready produced biogas at Burgsviken. The benefits 

connected to utilizing the biomass as biogas should therefore rather be seen as an indication of 

what types of values that potentially are at stake if such a system was introduced. Furthermore, if 

a complete system was introduced, it would not be an exact copy of the system at Trelleborg and 

Kalmar which implies that the values transferred for the costs and benefits should be seen as an 

approximation and might differ substantially between the sites.  

5.7.1 Reed as substrate for biogas production 

Data from the project ‘Biogas – nya substrat från havet’ conducted in 2009- 2012 by the regional 

council in Kalmar County was used to estimate the costs and revenues from utilizing reed as 

substrate for bio-methane production. In the project, reed was harvested from a shallow coastal 

area, pre-conditioned, transported and finally used as substrate for bio-methane production. The 

price for bio-methane sold to a distributor is approximately SEK 0,9/kWh.13 In the study, one t 

wwt reed generated approximately 68,33 Nm314 bio-methane and assuming a similar system and 

a similar outcome at Burgsviken, the revenues associated with bio- methane sales could generate 

SEK 3 579 300 SEK annually.15 

5.7.2 Macro algae as substrate for biogas production 

Data from the project ”Tång och alger som en naturresurs och förnyelsebar energikälla” conducted 

in 2008-2010 by Trelleborg municipality was used to estimate the potential of using macro algae 

as substrate for bio-methane production. In the study, macro algae was harvested, pre-conditioned, 

                                                 
13 Pers.comm.Anna Albinsson Biofuel Region 22/5-14) 
14 Based on calculations made by the author and Erik Gregeby 
15 For calculations see Appendix A 
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transported and used as substrate for production of bio-methane, ready to be sold to distributors. 

The system utilizing macro algae generated approximately 17,5 Nm3 bio-methane/t wwt. 16 

Assuming a similar outcome and a similar system at Burgsviken, revenues associated with the bio-

methane sales could generate SEK 91 665.17 

5.7.3 GHG savings 

The utilization of reed and macro algae as substrate in bio-methane production, and also the use 

of the digestate as fertilizers, could potentially reduce the usage of fossil fuels and artificial 

fertilizers and thus reduce the emissions of greenhouse gas (GHG) emissions. This reasoning relies 

on the assumption that the bio-methane fully replaces the corresponding amount of petrol, and that 

the digestate replaces artificial fertilizers. Risén et al (2013, 2014) performed a study based on the 

projects conducted in Kalmar and Trelleborg which showed a positive energy balance, 

approximating the net energy value (NEV) of the system utilizing reed as bio-methane and 

fertilizers to 1644 MJ/t wwt and for macro algae to 780 MJ/t wwt. From this, by using the energy 

content in petrol to get the corresponding amount of litres of petrol and using values for emissions 

per litre, CO2-emission savings could be calculated. The calculations shows that the utilization of 

reed as bio methane can, if replacing petrol and artificial fertilizers, reduce CO2 emission by 820 

tons annually. Regarding the macro algae, the calculations show that the utilization of macro algae 

as bio-methane can reduce CO2 emissions by approximately 40 tons annually. In total, summing 

the potential CO2 reductions from utilizing the biomass, the system could decrease the amount of 

CO2 emission by approximately 860 tons annually.18 

If the CO2 emissions are priced correctly, e.g. by a tax or by a market price, the external effect has 

been internalized and the economy has thus adjusted and reached or will reach an efficient 

allocation. The change in value to society by a marginal change in CO2 emission would then be 

zero. In Sweden, the price for CO2 emission are approximately SEK 1100 per ton, and thus, there 

is a price for CO2 emissions which if optimally set has internalized the externality. Because of this 

thesis hypothetical setting concerning substitution of bio methane for petrol, and bio-fertilizers for 

artificial, and because not all countries and sectors are facing a price on CO2-emissions, the 

valuation of CO2 reductions will assume that there are no price for emissions. This is reasonable 

                                                 
16 Again based on calculation made by the author of this paper and Erik Gregeby 
17 See Appendix A for calculations 
18 See Appendix B part (i) for calculations 
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if the bio-methane produced would replace petrol not taxed or corrected for the externality 

generated by the CO2-emissions. 

To monetize these reductions in CO2 emission, the Social Cost of Carbon (SCC) was used. SCC 

is the marginal damage cost of carbon dioxide, and can be interpreted as the NPV of the 

incremental damage to society caused by a small increase in CO2 emissions (Pearce, 2003). A 

number of studies have estimated values for the SCC and the estimates varies depending on 

different model specifications and various assumptions (for an overview see e.g. Tol, 2005, 2008 

and van den Bergh and Botzen 2013). Following the approach used in Brännlund et al (2011), 

using the average value from Tol (2008) as base for the valuation in the main scenario, and the 

recommendations for a scientific approach in Brännlund (2009) for the values used in the 

sensitivity analysis, the selected values are: 19 

Table 5. Social Cost of Carbon 

Main scenario (SEK) Min scenario (SEK) Max scenario (SEK) 

176,4 0,0 1386 

 

Using the value for the main scenario, the value generated from reducing CO2-emissions by 860 

tons annually is SEK 151 510. 

5.7.4 Digestate from biogas production as fertilizers 

The digestate from biogas production could be sold as bio-fertilizers and consequently reduce the 

net input of nutrients in the nearby agricultural lands. One main issue with using the digestate for 

this purpose is that it potentially contains too high amounts of cadmium. This has to be investigated 

in an ecological assessment of the composition of the reed and the macro algae. If the levels of 

cadmium are low enough, the digestate from one t wwt reed could, in theory, be sold for 

approximately SEK 46 (Blidberg et al 2012). Because of the uncertainties and after consultation 

with experts, the cadmium levels are judged to be too high to be used as bio-fertilizers in 

agricultures, and therefore, no value is assigned for the digestate as bio-fertilizers. The uptake of 

cadmium could potentially also generate values to society, depending on how it is treated. Kemi 

(2012) showed that the economic costs resulting from too high cadmium levels in agricultural 

                                                 
19 See appendix B part (ii) for calculations 
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products and thus in food originating from agriculture is approximately SEK 4,2 billion/year. This 

implies that there are substantial gains related to decreasing levels of cadmium in Swedish 

environments. 

5.8 COSTS 

The cost estimates involves a per ton estimate which includes the entire process from harvest of 

reed and macro algae to production of bio-methane, and also the sales of the bio-methane to a 

distributor. These costs are based on the specific scenarios in Kalmar and Trelleborg and are 

therefore not perfectly transferable to the case of Burgsviken, but will anyway serve as an indicator 

of the costs for the action and process. Due to relatively similar conditions, a comparable 

productivity per hour of harvesting can be assumed, and thus, the costs are extrapolated to receive 

an approximation of the total costs for the restoration activity at Burgsviken. Furthermore, due to 

the lack of data concerning the cost functions, the costs are assumed constant over the twenty year 

project time.  

Table 6. Costs 

Activity Costs/t wwt (SEK) Total annual cost at Burgsviken (SEK) 

Harvest of reed 2 250 13 500 000 

Production of bio-methane with 

reed as substrate 

400 2 400 000 

Harvest of macro algae 1 260 756 000 

Production of bio-methane with 

algae’s as substrate 

630 378 000 

Total annual cost 4 540 17 034 000 

                       (Based on estimates from Submariner 2012 and Blidberg et al 2012) 

The costs for the harvesting of reed is approximated to about SEK 2250/t wwt and the costs for 

bio-methane production was approximated to SEK 400/t wwt, which gives a total cost from 

harvesting to ready produced bio methane at SEK 2650/t wwt for reed (Blidberg et al 2012). 

Regarding the costs for macro algae, the harvest was estimated to SEK 1260/t wwt and the 

production of bio-methane was estimated to SEK 630/t wwt, resulting in a total cost of SEK 1890/t 

wwt (Submariner, 2012). Scaling up these costs to the entire reed stand (6000 tons) and amount of 

macro algae (600 tons), the total costs for the action at Burgsviken is approximated to SEK 17 034 

000 annually. 
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In addition to the above costs, potential negative impacts on the provision of ecosystem services 

caused by the restoration action should also be monetized, but due to the assumption that the action 

is performed in an ideal way, no negative consequences are accounted for in this thesis. This 

assumption is made due to the current ecological knowledge gaps concerning this specific 

restoration activity. 
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6 RESULTS 

In this section the benefits from ecosystems, the benefits from financial transactions and the 

financial costs from the main scenario is presented. The present values are calculated for a twenty 

year period using a discount rate of 3 %. The monetized values as used in the calculations are 

presented in the tables but are rounded off to nearest 50- thousands in the presentation of the total 

values. 

Table 7 shows an overview of the identified benefits generated from ecosystems as a consequence 

of the restoration action. The valued goods are represented by a specific annual and present value 

and the goods identified but not valued in this study are represented by X, indicating that the 

particular value associated with this good is unknown.  

Table 7. Summary of values from ecosystems 

 Summary of economic values from  ecosystems  

Service Category Biophysical 

change being 

valued 

Nature of the 

economic value 

Annualized 

value SEK 

Present value 

SEK over the 

next 20 years 

(2014-2034) 

Improved 

recreational 

experience 

Increase in secchi 

depth 

Change in 

consumer surplus 

due to an 

increased secchi 

depth 

2 422 795 37 126 424 

Cleaner and more 

available beaches 

and shorelines – 

less algal mats 

and wrack 

Change in 

consumer surplus 

due to cleaner and 

more available 

beaches 

X X 

Mitigation of 

Climate change 

Metric tons of 

carbon equivalent 

reduced 

Social cost of 

carbon 

151 510 2 321 709 
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Commercial fish 

harvest 

Increase in catch 

of flounder 

Change in 

producer surplus 

associated with 

increased 

harvesting 

possibilities 

X X 

Increase in catch 

of white fish  

X X 

Increase in catch 

of turbot 

X X 

Improved 

possibilities for 

sports fishing 

Increase in stocks 

of pike and perch  

Change in 

consumer surplus 

due to increased 

possibilities for 

sports fishing 

X X 

Total value   2 574 305 

≈ 2 550 000 

39 448 133 

≈ 39 450 000 

 

The total annual value generated by ecosystems is approximately SEK 2 600 000 and the present 

value for the benefits over the twenty year period is approximately SEK 39 450 000. The benefits 

associated with improved recreational experiences due to cleaner and more available beaches and 

shorelines, improved commercial fish harvest and improved possibilities for sports fishing were 

not monetized in this study and the value associated with these improvements are thus unknown. 
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Table 8 shows an overview of the annual and present values from the bio-methane project’s 

financial costs and revenues. 

Table 8. Financial costs and revenues 

Summary of financial costs and revenues from utilizing the biomass using value transfer from 

previous studies (SEK)  

Activity Annual costs 

associated 

with 

harvesting 

and biogas 

production 

Annual 

revenues 

from sales of 

bio-methane 

Annual 

revenues 

from sales of 

digestate as 

fertilizers 

Costs in 

present value 

SEK over the 

next 20 years 

(2014-2034) 

Revenues in 

present value 

SEK over the 

next 20 years 

(2014-2034) 

Harvest of reed 

and production of 

bio-methane 

15 900 000 3 579 300 X 243 648 406 54 848 474 

Harvest of macro 

algae and 

production of bio-

methane 

1 134 000 91 665 X 17 377 188 1 404 656 

Total 17 034 000 

≈ 17 050 000 

 

3 670 965 

≈ 3 650 000 

X 261 025 594 

≈ 261 050 000 

56 253 130 

≈ 56 250 000 

 

The results from the financial analysis of the utilization of biomass for bio-methane production 

shows that the annual revenues associated with bio-methane sales is approximately SEK 3 650 

000, and that the annual costs associated with the entire process is approximately SEK 17 050 000. 

The present values from the bio-methane sales for the twenty year period is approximately SEK 

56 250 000, while the corresponding costs for the same period are approximately SEK 261 050 

000. 
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6.1 NET PRESENT VALUE 

Table 9 shows an overview of the costs and benefits, and the NPV for the entire project. 

Table 9. Overview of costs and benefits 

 
Annualized value Time period Present value 

Benefits    

Values from 

ecosystems 

2 574 305 20 39 448 133 

Values from bio-

methane sales 

3 670 965 20 56 253 130 

Total benefits 6 245 270 

≈ 6 250 000 

20 95 701 263 

≈ 95 700 000 

Costs     

Total costs for 

restoration 

17 034 000 

≈ 17 050 000 

20 261 025 594 

≈ 261 050 000 

 

The annual benefits generated by ecosystems are estimated to SEK 2 575 000, and the annualized 

value from bio-methane sales are estimated to approximately SEK 3 675 000, which sums to a 

total of approximately SEK 6 250 000. The present values for the benefits over a twenty year 

period, with a discount rate of 3 % is approximately SEK 95 700 000. The annualized cost is 

approximately SEK 17 050 000, which gives a present value of approximately SEK 261 050 000. 

Table 10. Summary of results 

Present value benefits (PVB) 95 700 000 

Present value costs (PVC) 261 050 000 

Net present value (NPV) -165 300 000 

 

Table 10 shows the NPV for the project which summarize to SEK – 165 300 000 for the twenty 

year period. This shows that the project, as defined in the main scenario omitting several values as 

shown in table 7, is not economically profitable. 
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6.2 DISTRIBUTION ANALYSIS 

The benefits generated from performing the restoration activities will in general affect the local 

and non-local (as defined above) population. In addition, it will also affect people owning summer 

houses in the area and tourists visiting the area. Furthermore, even though the actions will help 

reducing nutrients in the Baltic Sea, these effects are only marginal and should therefore not be 

accounted for as a benefit for people living in the Baltic Sea region. 

Regarding the costs for the actions, no information is yet available on who will finance the projects 

and therefore it is for the moment not possible to make an analysis of the distributional effects of 

the costs. 

6.3 SENSITIVITY ANALYSIS 

The sensitivity analysis tests for the robustness of the results when varying different assumptions. 

The analysis will focus solely on the robustness of the benefits, and thus neglect testing for the 

cost. This is not because the uncertainties related to the costs are less important but rather because 

of the lack of information about the underlying variables affecting the appearance and development 

of the costs. Furthermore, the analysis shows that in the scenarios where only one of the variables 

are altered, keeping all the others constant at the main scenario level, the benefits does not reach 

the costs of SEK 261 050 000.  

Table 11 shows the present value for the benefits with different discount rates.  

Table 11. Discount rates 

Discount rate Present value benefits  

2% 104 161 498 

3% 95 701 263 

4% 88 270 268 

 

  



36 

 

Table 12 shows the annual and present values in the main scenario when the judged secchi depth 

change varies. 

Table 12. Secchi depth 

Δ Secchi depth Annual value benefits  Present value 3 % 

0,5 5 033 873 77 138 059 

1 6 245 270 95 701 263 

2 8 668 065 132 827 687 

 

Table 13 shows the annual present value when the 95 % confidence interval from the WTP-study 

is used. 

Table 13. WTP 

WTP 95 % confidence interval (SEK) Annual value benefits  Present value 3 % 

Locals min:1280, Non-locals min: 1036 5 839 035 89 476 199 

Locals mean:1537, Non-locals mean: 1245 6 245 270 95 701 263 

Locals max: 1781, Non-locals max: 1446 6 635 351 101 678 786 

 

Table 14 shows the annual and present value when the assumption about non-respondents’ WTP 

is varied 

Table 14. Non-respondents WTP 

φ Assumption about non-resp 

fraction of respondents WTP 

Annual value benefits  Present value 3% 

0 6 245 270 95 701 263 

0,5 9 013 607 138 122 703 

1 11 637 943 178 337 501 
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Table 15 shows the annual and present value when the estimate for the social cost of carbon is 

varied 

Table 15. Social Cost of Carbon 

SCC (SEK/ton CO2) Annual value benefits  Present value 3% 

0 6 093 760 93 379 554 

176,4 6 245 270 95 701 263 

1386 7 284 195 111 321 541 

 

Table 16 shows the annual and present values when the assumption related to the valuation of the 

secchi depth are given a maximum value (Δ secchi depth=2, WTPlocals=SEK 1781, WTPnonlocals=1446, 

φ=1) at the same time as the highest value for SCC (SEK 1386) is used. The analysis shows that 

the NPV is positive and that if the scenario with a maximum ecological outcome occurs, the NPV 

ranges from approximately SEK 84 450 000 to SEK 99 650 000 depending on the discount rate 

used. 

Table 16. Max ecological outcome 

Max ecological 

outcome 

Annual value Present Value 

2% 

Present Value 

3% 

Present Value 

4% 

Benefits max 23 008 988 383 754 538 352 585 115 325 207 647 

Costs 17 034 000 284 100 922 261 025 594 240 757 524 

NPV 5 974 988 99 653 616 91 559 521 84 450 123 

 

On the contrary, table 17 shows the annual and present values if the assumptions related to the 

valuation of secchi depth are given there minimum values (Δ secchi depth =0,5, WTPlocals= SEK 

1280, WTPnonlocals=1036, φ=0,) and at the same time using the lower value of the interval for SCC 

(SEK 0). The analysis shows that the NPV is negative and ranges from approximately SEK – 174 

600 000 to approximately – 206 050 000 depending on the discount rate used. 

Table 17. Min ecological outcome 

Min ecological 

outcome 

Annual value Present Value 

2% 

Present Value 

3% 

Present Value 

4% 

Benefits min 4 679 245 78 042 609 71 703 809 66 136 164 

Costs 17 034 000 284 100 922 261 025 594 240 757 524 

NPV -12 354 755 -206 058 313 -189 321 785 -174 621 360 
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6.4 BREAK-EVEN ANALYSIS 

The break-even analysis presents two different scenarios. The first relates to how big the costs 

reductions has to be for the project to reach break-even. The second looks at how much the benefits 

has to increase to reach break-even. Figure 3 shows that the present values of the costs has to 

decrease by approximately 63 % for the project to reach break-even. Because of the relatively poor 

knowledge about the costs for the restoration activity at Burgsviken and the uncertainties regarding 

the future technological development (depends on if the concerned method is recognized as 

promising, and the following investments) it is hard to interpret and draw conclusions from the 

result. 

 

Figure 3. Break-even, Cost Reduction 

In figure 4 the break-even analysis focuses on the required increase in benefits. It can be seen that 

the value of the benefits has to increase by approximately 173 % over the project period to reach 

break-even. Alternatively, this could be viewed as that the identified goods in table 7, currently 

assigned value X, must balance this difference. 

 

Figure 4. Break-even, Increased Benefits  
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7 CONCLUSIONS 

The first objective of the thesis was to map and identify relevant ecosystem services generated by 

the restoration activity and link them to the multiple goods they provide. The scheme presented in 

figure 2 shows the ecological and economic links, and table 2 decomposes the identified goods 

into subcategories. The scheme identified recreational experiences due to improved water quality, 

increased commercial fishing and improved possibilities for sports fishing as the most significant 

economic goods generated. All these identified goods are possible to value with benefits transfer 

or by market prices if relevant studies are found, and if not, primary studies should be undertaken 

focusing on these goods. 

The scheme may be generalizable and applicable to other similar contexts if local variations and 

differences like relevant fish species and different recreational values are accounted for. This could 

help policymakers and local stakeholders to conduct similar CBA:s and assessments of the 

profitability from performing the concerned restoration action as an eutrophication mitigation 

project. In addition, the framework could also be used as a base for further research aiming to 

improve identifications of ecosystem services connected to similar contexts and ecological 

changes while at the same time separating values to avoid double counting. 

The second objective was to, by performing a CBA, investigate if the concerned restoration 

activity was economically profitable. In the main scenario, using the values generated by: an 

increased secchi depth, reduced CO2 emissions, and sales of bio-methane as indicators of the 

benefits, the results showed that the action would generate values of SEK 6 250 000 annually 

corresponding to a present value of SEK 95 700 000 for the twenty year period. The costs for the 

action, which were based on estimates from projects previously conducted in Kalmar and 

Trelleborg, were assumed to be constant over the project period and were estimated to SEK 17 

050 000 annually, corresponding to a present value of SEK 261 050 000 for the twenty year period. 

This resulted in a NPV of SEK – 165 350 000, and using the common decision rule to perform 

projects if the NPV>0, and to reject projects if the NPV<0, the project should not be performed 

under current circumstances.  

The sensitivity analysis showed that the benefits does not exceed the costs in any of the scenarios 

where only one of the variables are varied while holding the others at the main scenario level. 
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When a maximum ecological scenario was tested for, the benefits outweighed the costs by values 

ranging from approximately SEK 84 450 000 to SEK 99 650 000 for discount rates of 4 % and 

2 % respectively. 

In the minimum ecological outcome scenario, the NPV ranged from approximately SEK -206 050 

000 to SEK -174 600 000, using the 4 % and 2% discount rates. This shows that depending on the 

ecological outcome and discount rate chosen, the project could generate a surplus of approximately 

SEK 99 650 000 or a loss of SEK -206 050 000 which implies that the results are very uncertain. 

The break-even analysis showed that the present value of the costs has to decrease by 

approximately 63 % to reach break-even. This could be a useful knowledge when assessing the 

potential for the restoration action if better cost estimates are available in the future. Furthermore, 

the break even analysis also showed that the present value of the benefits has to increase by 173 % 

or approximately SEK 10 800 000 annually to counterbalance the annual costs. This can be 

interpreted as that the value of the goods in table 7 which were not valued, plus the value of other 

possible omitted goods, has to be at least SEK 10 800 000 for the project to be profitable. 

In addition to the reasoning above, it is important to note that the WTP:s for summer guests and 

tourists are assumed to be zero, which indicates that the total benefit estimates are conservative. 

Furthermore, the restoration could generate goods that were neglected in this framework because 

the value associated to them were judged to be only marginal.20 Also, other types of values related 

to the restoration activity such as bequest values and existence values should be considered in an 

ideal case, but these are not identified in this framework.21 In addition to this, the costs may 

decrease over time, especially if the method will develop to be a more widespread action used for 

eutrophication mitigation projects. If better cost estimates are available in the future, analysts and 

policymakers could use the benefit estimates from this study to compare with the more site-specific 

costs and perform a refined CBA. 

 

 

                                                 
20 For example other fish species like eel and cod would most likely also be positively affected by the restoration 

activity but the links are not as straightforward as in the case with the chosen species.  
21 The CE-study used for the secchi depth valuation captures both use and non-use values, but other goods not 

identified might contain large non-use values. Several studies has for instance emphasized bequest values related to 

e.g. preserving fishing villages etc. 
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APPENDIX A 

The total amount of bio-methane Nm3 produced from reed at Burgsviken can be found by equation 

(9):  

[𝑁𝑚3

𝑡𝑜𝑛⁄ ∙ 𝑡𝑜𝑛] =  [𝑁𝑚3] 

68,33 ∙ 6000 = 410 000 𝑁𝑚3 

where 68,33 Nm3  is the volume produced from one ton of reed and 6000 is the total amount of 

wwt.22 The final value in Nm3 can then be transformed to kWh by using equation (10): 

[𝑁𝑚3 ∙
𝑘𝑊ℎ

𝑁𝑚3
] =  [𝑘𝑊ℎ] 

410 000 ∙ 9,7 = 3 977 000 𝑘𝑊ℎ 

where 9,7 is the energy content in one Nm3 bio-methane.23 Finally, multiplied by revenue per kWh, 

0,9 24, gives: 

 [𝑘𝑊ℎ ∙
𝑆𝐸𝐾

𝑘𝑊ℎ
] = [𝑆𝐸𝐾] 

3 977 000 ∙ 0,90 = 3 579 300 𝑆𝐸𝐾 

 

 

The total amount of Nm3 bio-methane produced from macro algae at Burgsviken can be found by 

equation (12):  

[𝑁𝑚3

𝑡𝑜𝑛⁄ ∙ 𝑡𝑜𝑛] =  [𝑁𝑚3] 

17,5 ∙ 600 = 10 500 𝑁𝑚3 

                                                 
22 Based on the calculations made by Erik Gregeby and the author of this thesis 
23 Taken from Balticbiogasbus.eu 15/5 2014 
24 Pers.comm.Anna Albinsson Biofuel Region 22/5-14) 

(9) 

(10) 

(11) 

(12) 
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where 17,5 Nm3  is the volume bio-methane from one ton of algae and 600 is the total amount of 

wwt. 25 The final value in Nm3 can then be transformed to kWh by equation (13):  

[𝑁𝑚3 ∙
𝑘𝑊ℎ

𝑁𝑚3
] =  [𝑘𝑊ℎ] 

10 500 ∙ 9,7 = 101 850 𝑘𝑊ℎ 

And finally multiplied by revenue per kWh, giving:  

[
𝑆𝐸𝐾

𝑘𝑊ℎ
∙ 𝑘𝑊ℎ] =  [𝑆𝐸𝐾] 

101 850 ∙ 0,90 = 91 665 𝑆𝐸𝐾 

  

                                                 
25 Based on the calculations made by Erik Gregeby and the author of this thesis 

(13) 

(14) 
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APPENDIX B 

Part (i) 

The net energy value (NEV) per ton of wwt reed from MJ to kWh can be found by equation 15: 

𝑁𝐸𝑉 = [𝑘 ∙
𝑀𝐽

𝑡𝑜𝑛
] = [

𝑘𝑊ℎ

𝑡𝑜𝑛
] 

0,278 ∙ 1644 = 456,67 
𝑘𝑊ℎ

𝑡𝑜𝑛
 

where k is 0.278 26 ,which can be used to find the corresponding energy content in petrol 

[
𝑘𝑊ℎ

𝑡𝑜𝑛⁄

𝑘𝑊ℎ
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙⁄

] = [
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
] 

456,67

9,06
= 50,40 

𝑙𝑖𝑡𝑒𝑟 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
 

where 9,06 is the amount of kWh in one litre of petrol 27, which can be used to calculate reduced 

CO2 emissions per ton  

[
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
∙

𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙
] = [

𝑘𝑔 𝐶𝑂2𝑒𝑘𝑣

𝑡𝑜𝑛
] 

50,40 ∙ 2,71 = 136,58 
𝑘𝑔 𝐶𝑂2𝑒𝑘𝑣

𝑡𝑜𝑛
 

where 2,71 is the amount of CO2 -equivalents in kg per litre of petrol,28 and by multiplying with 

the total amount of reed (6000 tons) the reduced CO2 emissions can be found 

[
𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑡𝑜𝑛
∙ 𝑡𝑜𝑛] =  𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣 

136,58 ∙ 6000 = 820 000 𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣 

                                                 
26 Taken from http://www.convertworld.com/sv/energi/MJ.html  20/5-2014 
27 Taken from http://www.biogasportalen.se/FranRavaraTillAnvandning/VadArBiogas/Energiinnehall 20/5-2014 
28 Taken from http://www.miljofordon.se/fordon/miljopaverkan/sa-raknar-vi-miljopaverkan  21/5-2014 

(15) 

(16) 

(17) 

(18) 



D 

 

 

 

The net energy value (NEV) per ton of wwt macro algae from MJ to kWh can be found by equation 

19: 

𝑁𝐸𝑉 = [𝑘 ∙
𝑀𝐽

𝑡𝑜𝑛
] =  [

𝑘𝑊ℎ

𝑡𝑜𝑛
] 

0,278 ∙ 780 =  216,67 
𝑘𝑊ℎ

𝑡𝑜𝑛
 

which can be used to find the corresponding energy content in petrol 

[
𝑘𝑊ℎ

𝑡𝑜𝑛⁄

𝑘𝑊ℎ
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙⁄

] =  [
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
] 

216,67

9,06
= 23,92 

𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
 

which can be used to calculate reduced CO2 emissions per ton  

[
𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙

𝑡𝑜𝑛
∙

𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑙𝑖𝑡𝑟𝑒 𝑝𝑒𝑡𝑟𝑜𝑙
] = [

𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑡𝑜𝑛
] 

23,92 ∙ 2,71 = 64,81 
𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑡𝑜𝑛
 

and by multiplying with the total amount of reed (600 ton), the reduced CO2 emissions can be 

found 

[
𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣

𝑡𝑜𝑛
∙ 𝑡𝑜𝑛] = 𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣 

64,81 ∙ 600 = 38 885 𝑘𝑔 𝐶𝑂2𝑒𝑞𝑣 

 

 

 

(19) 

(20) 

(21) 

(22) 
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Part (ii) 

The average value of one ton carbon (C) is US $ 75,4 in 1995 prices (Tol 2008). By using equation 

(23) the price for carbon (C) can be converted to the price for carbon dioxide (CO2).  

[
𝑈𝑆 $
𝑡𝑜𝑛 𝐶]

𝑥
=   [

𝑈𝑆 $

𝑡𝑜𝑛 𝐶𝑂2
] 

75,4

3,67
=  20,54 [

𝑈𝑆 $

𝑡𝑜𝑛 𝐶𝑂2
]  

By using 3,67 as converter from C to CO2 
29 and by assuming the exchange rate to be SEK 7 per 1 

US $, the price in 1995 prices is 143,8 SEK per ton CO2. To present the value in 2013 prices 

equation (24) was used, where the CPI for 2013 is 314,06 and the CPI for 1995 is 254,8. 

[
𝑆𝐸𝐾𝑚𝑒𝑎𝑛 1995

𝑡𝑜𝑛 𝐶𝑂2
] ∙ [

𝐶𝑃𝐼2013

𝐶𝑃𝐼1995
] = [𝑚𝑒𝑎𝑛 

𝑆𝐸𝐾2013

𝑡𝑜𝑛 𝐶𝑂2
] 

143,8 ∙ (
314,06

254,8
) = 177,2 𝑚𝑒𝑎𝑛 

𝑆𝐸𝐾2013

𝑡𝑜𝑛 𝐶𝑂2
 

These calculations was also performed for the upper bound of the recommended value, see 

equation (25):  

[
𝑆𝐸𝐾ℎ𝑖𝑔ℎ 1995

𝑡𝑜𝑛 𝐶𝑂2
] ∙ [

𝐶𝑃𝐼2013

𝐶𝑃𝐼1995
] = [ℎ𝑖𝑔ℎ 

𝑆𝐸𝐾2013

𝑡𝑜𝑛 𝐶𝑂2
] 

1130 ∙ (
314,06

254,8
) =  1392,8 ℎ𝑖𝑔ℎ 

𝑆𝐸𝐾2013

𝑡𝑜𝑛 𝐶𝑂2
  

 

                                                 
29 Taken from http://co2now.org/Current-CO2/CO2-Now/global-carbon-emissions.html 21/5- 2014 

(23) 

(24) 

(25) 


