
 

DEGREE PROJECT, IN SUSTAINABLE ENERGY 
ENGINEERING, SECOND LEVEL 

STOCKHOLM, SWEDEN 2015 
 
 
 
 
 
 
 
 
 
 

 

Oskarshamn - A Smart Energy 
Island Assessment 

 
 
 

VIVEK RAMASWAMY 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Oskarshamn – A Smart Energy Island Assessment 
 

 

 

 

 

This report is submitted in partial fulfilment of the requirement for the Master 
of Science in Sustainable Energy Engineering 

 
 
 
 
 
 

01/12/2015 
 
 
 
 
 
 

Submitted by 
Vivek Ramaswamy 

 
 
 

Under the supervision of 
Prof. Mark Howells, 

Division of Energy Systems Analysis 

 
 
 
 

Master of Science Thesis 
KTH School of Industrial Engineering and Management 

Energy Technology EGI-2015-093MSC 
Division of Energy Systems Analysis  

SE – 100 44 STOCKHOLM 
 

 

 
 

 



ABSTRACT 

Mitigating climate change lies to a large part within the Energy System. In order to make it sustainable and 

efficient, policies have to be framed accordingly. This study focuses on formulation of policies based on 

future projections of the energy demand in Oskarshamn municipality of Sweden. Oskarshamn is a former 

industrial municipality, whose economic activity is in decline and it requires policies that accelerates its 

growth. It is also stereo-typical of much of Europe, as industrial activities are transferred elsewhere and 

regions are left to re-invent themselves. Questions such as “how to make the existing system more efficient” 

and “what is the best energy saving alternative”, have to be answered. For which, Long range Energy 

Alternatives Planning (LEAP) tool is used to create scenarios based on different pathways and to project 

the energy demand in the future. The business as usual scenario is compared with mitigation scenario 

considering various energy efficiency measures. The measures mainly focus on Demand Side Management 

and improving energy lifestyle interactions. Examples include the impact of electric vehicles (EV) in the 

transport sector and effects of better insulation in residential buildings, etc. Nuclear is currently the main 

source and would possibly be phased out in the horizon and thus creating a need for alternative and 

sustainable sources of energy. The renewable energy scenario focuses on proposals for mixing renewable 

fuels in the energy supply side. These are not without costs and opportunities which are discussed in the 

study. The outcomes work a clear delineation of Greenhouse gas mitigation options, which in collaboration 

with the municipality would form the basis for a policy action plan.  
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TERMINOLOGIES 

BAU – Business As Usual Scenario 

BNP/GDP – Brutto National Produkt (Gross Domestic Product) 

BRP/GRP – Brutto Regional product (Gross Regional Product) 

DH – District Heat 

DSM - Demand Side Management 

EU ETS – European Union Emission Trading Scheme 

EV – Electric Vehicles 

E85 – Ethanol Gasoline blend (Ethanol: 85%, Gasoline: 15%) 

FFC - Flexi-Fuel Car 

GHG – Greenhouse Gas 

HEV – Hybrid Electric Vehicles 

HVAC – Heating, Ventilation and Air Conditioning 

KLT – Kalmar Län Trafik 

LCV – Light Commercial Vehicle 

LEAP – Long range Energy Alternatives Planning tool 

LED – Light Emitting Diode 

LS AB – Liljeholmens Stearinfabriks AB 

OKG – Oskarshamns Kraftgrupp AB 

O&M – Operation and Maintenance  

PHEV – Plug in Hybrid Electric Vehicles 

SCB – Statistiska CentralByrån 

SEAP – Sustainable Energy Alternatives Planning 

SEI – Stockholm Environment Institute 

VSD – Variable Speed Drive 
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1 INTRODUCTION 
Oskarshamn municipality is part of the Kalmar County in Southern Sweden, with the coastal city of 

Oskarshamn as its administrative hub. Having an impression as any other municipality in Sweden, if it were 

to become sustainable, it would be an ideal role model for the others.  

 

Oskarshamn has one of the three active Nuclear power plants (OKG) in Sweden with an annual generation 

of 15 TWh (“Oskarshamn Nuclear Power Plant,” 2015). Sweden has been active for the past couple of years 

in debates about the effects of using Nuclear power in general. Most of which has led to proposals for 

phasing out the existing power plants which would also include the one in Oskarshamn. In 2015, a plan has 

been set in motion to phase out one of the three nuclear reactors in the OKG power plant by 2017 (Wikdahl, 

1999). Although the power sector in Sweden is governed by the national grid, a reduction in local energy 

demand through energy efficiency measures would mean less dependence on the national grid. This 

research being exploratory, tries to identify the different pathways that would help in reducing the rise in 

energy demands. Demand Side Management has been identified as one of the best ways to check the rise 

in energy demands and to an extent reduce it in the future.  

 

 

1.1 LONG RANGE ENERGY ALTERNATIVES PLANNING (LEAP) TOOL 

For the analysis of the existing energy system and to compare it with different pathways, a proper tool has 

to be chosen. Of the existing tools, LEAP (Heaps, 2012) was chosen as the best option, being user friendly 

and following a scenario based accounting methodology.  

  

Developed by the Stockholm Environment Institute (SEI), this tool acts as a medium for Energy policy 

analysis and climate change mitigation assessment. The time frame followed for this study is from 2012-

2040, and the years 2012-2015 are used as basis for forecasting few parameters. LEAP’s built in 

calculations take care of all the energy, emission and cost accounting (Heaps, 2012). The structure of the 

Oskarshamn’s energy system is elaborated in the following chapter.  
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2 ENERGY SYSTEM 
This section discusses the key functions of the Oskarshamn’s energy system study, such as the system 

boundary and the basic parameters.   

 

2.1 SYSTEM BOUNDARY 
A system boundary is necessary to limit the assessment of the study within a given domain and in this case 

the energy system is bounded by the municipal limits. Those activities that only occur and originate within 

the municipality are considered. Although one exception has been made in terms of energy supply, where 

most of the energy supply is assumed to be from imports in the present situation, as it is provided by the 

national grid.  

 

2.2 BASIC PARAMETERS 
The following are a list of parameters that form the basis for the analysis. The effect of even a small change 

in any of these parameters would be amplified into a higher magnitude.  

 

2.2.1 POPULATION 
The population statistics provided by SCB (Oskarshamns Kommun, 2013b), lists the change in population 

within the municipality between 2002-2014. A linear forecast function in built within LEAP (Heaps, 2012) 

has been used in order to project the future values assuming that the same trend from the historical data 

continues.  

 

2.2.2 HOUSEHOLD 
The households in Sweden have been classified based on the type of dwelling, as detached houses and 

apartments. The list provided by the SCB (“Kalkylerat bostadsbestånd efter region och hustyp,” 2013) is 

similar to that of the population statistics, showing the historical data of number of households from 2002-

2014. A similar linear forecasting is followed in estimating the future values. Apart from the existing trend, 

an additional 0.14% growth is included from 2014, having analyzed the average number of newly built 

houses from 2010-2014 (“Färdigställda lägenheter och rumsenheter i nybyggda hus efter region och 

hustyp,” 2015) and assuming that the same number of houses to be added every year until the end year of 

the study. 

 

2.2.3 GROSS REGIONAL PRODUCT 
The Brutto Region Produkt (BRP) translated to the Gross Regional Product (GRP) is a measure of the 

economic activity of a small locality such as Oskarshamn municipality. The municipality’s GRP is 

estimated to be 12.5 billion Kronor in the year 2012, according to the data provided by SCB (“Regional 

Gross Domestic Product (GDPR), (ESA2010) by region (LAU2),” 2015). At this point, it has been 

identified that a portion of the municipality’s investment are in fixed income and equity security with links 

to the American and European market. Directly denoting that it has a key role in contributing to the 

economic recovery. Although, the expected growth in GRP is nearly 2.5% (Oskarshamns Kommun, 2013a) 

for the municipality, which is an average value over the past few years, an assumption has been made to 

consider the average Sweden’s GDP growth rate of 1.5% (Oskarshamns Kommun, 2013a) in the model, 

which can be a pessimistic approach.  
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3 BUSINESS AS USUAL 
The overall energy demand in the municipality has been disintegrated into different sectors. The activity 

level of each of these sectors are governed by different entities as shown in TABLE 1. These entities would 

as well be decisive in contributing to the sectors’ growth, as growth drivers.  

 
TABLE 1: GROWTH DRIVERS 

Sector Activity Level Growth Driver 

Household 

Number of households (“Number of dwellings 

by region, type of building and period of 

construction,” 2015) 

Population growth rate 

Commercial GRP share (production of services) GRP growth rate 

Agriculture 
Land area (“Land use in Sweden by 

municipality and land use category,” 2013) 
Land area change 

Transport 
Number of Vehicles (“Fordon i län och 

kommuner,” 2012) 

GRP growth rate (Freight), 

Population growth rate (passenger) 

Industry GRP share (production of goods) GRP growth rate 

 

 
FIGURE 1: % SHARE OF ENERGY DEMAND - SECTORS 

27%

21%26%

2%

24%

household commercial transport agriculture industry
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3.1 HOUSEHOLD 
Dwellings in Oskarshamn are categorized into detached houses and apartments. 51% of dwellings in 

Oskarshamn are identified to be detached houses and the remaining 49% are apartments (“Antal och andel 

hushåll efter region och boendeform,” 2015).The household sector appears to be the highest energy 

consuming segment in the municipality as shown in FIGURE 1 (“Energidata (MWh) efter län och kommun, 

kategori samt energityp,” 2015). Within the household sector, the different types of fuels consumed by 

various end uses are electricity, oil, wood pellets and district heat (DH). It is observed that of all the fuels, 

electricity is consumed the highest. The different end uses consuming electricity are lighting and electrical 

appliances such as Washing machines, Dryers, Refrigerators, Freezers, Television sets, etc. However, Space 

and Water heating occupies most of the overall energy demand in detached houses (Nordic Energy Research 

& Agency, 2012). The percentage share of different energy end uses in the household sector and the types 

of fuels used for the respective end uses are shown in TABLE 2 and TABLE 3.  

 

TABLE 2: % SHARE OF RESIDENTIAL END-USE, DETACHED HOUSES 

End use Fuel Type Share 

Space and Water heating Electricity, DH, Oil, Wood pellets 85% 

Lighting Electricity 8% 

Appliances Electricity 5% 

Cooking Electricity 2% 

 

 
TABLE 3: % SHARE OF RESIDENTIAL END USE, APARTMENTS 

End use Fuel Type Share 

Space and Water heating Electricity, DH, Oil, Wood pellets 84% 

Lighting Electricity 12% 

 Appliances Electricity ~3% 

Cooking Electricity >1% 

 

 

The data from SCB (“Energidata (MWh) efter län och kommun, kategori samt energityp,” 2015) is used to 

identify the share of different heating technologies contributing to space and water heating end use within 

the households and is as shown below.  
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TABLE 4: % SHARE OF HEATING TECHNOLOGIES - RESIDENTIAL BUILDINGS 

Heating Technology Apartments Detached Houses 

District heating 95% 4% 

Electricity 4% 46% 

Oil 1% 1% 

Wood pellets - 49% 

 
 

3.2 COMMERCIAL 
The commercial sector of Oskarshamn consists of different service providers such as private businesses 

and public service. However, in this model the classification is made based on the type of energy end use, 

such as street lighting (public service) and office buildings (“Buildings, number and ground space area by 

region and type of building,” 2014). When looking into the broader perspective of built environment in 

Oskarshamn, the buildings within the commercial sector would have similar end uses as in the residential 

sector. However, the share of the end uses is quite different due to the difference in the nature of activities 

happening within the building and is as shown below. 

 

TABLE 5: % SHARE OF NON-RESIDENTIAL END-USE 

End use Fuel Type Share 

Space and Water heating Electricity, Oil, DH 70% 

Lighting Electricity 4% 

Others (mainly miscellaneous 

electrical equipment) 
Electricity 26% 

 

 

The share of different heating technologies for the heating demand in buildings is taken from the SCB 

database (“Energidata (MWh) efter län och kommun, kategori samt energityp,” 2015) and is as shown in 

TABLE 6.  
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TABLE 6: % SHARE OF HEATING TECHNOLOGIES - NON RESIDENTIAL BUILDINGS 

Heating Technology Non-Residential 

District heating 19% 

Electricity 55% 

Oil 26% 

 

3.3 AGRICULTURE 
The agricultural sector in Sweden is generally classified into three main activities as Farming, Forestry and 

Fishing. Although, out of the three, only farming and forestry are observed in the municipality. From the 

data provided by SCB (“Energidata (MWh) efter län och kommun, kategori samt energityp,” 2015), it can 

be noted that Diesel, Ethanol/Biofuel and Electricity are the main fuels in demand for this sector. 

Predominantly the energy demand within the agricultural sector ranges from end uses such as agricultural 

equipment to food processing units and the buildings used for storage purposes. The activity level for 

agricultural sector in this model assumes the land area used for farming and forestry. This data is also used 

in assessing the potential of biomass that can be produced, as elaborated in section 4.4. 

 
 

3.4 TRANSPORT 
The transport sector is classified into freight and passenger, as in the general case. Freight consists of Light 

Commercial Vehicles (LCV) and trucks, having been identified as the two different types of vehicles 

transporting the goods locally.  

 

The passenger transport is split into public transport and personal vehicle which are in turn further classified 

by the fuel used. The complete breakdown of transport sector is clearly depicted by the flowchart shown 

below.  
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FIGURE 2: TRANSPORT SECTOR CLASSIFICATION 

 

The trend in this sector’s energy demand has seen an increase in the use of renewable fuels lately, in the 

form of biodiesel or biogas (Energimyndigheten, 2014).   

 

3.5 INDUSTRY 
Three major industries have been identified in the municipality and they are Liljeholmens Stearinfabriks 

AB (LS AB), Saft Battery manufacturing and Scania Truck Cab manufacturing. The energy demand within 

these industries are classified based on the different end uses. The non-heat electrical end uses differ within 

each industry as it is based on the type of processes carried out. The share of non-heat electrical end uses 

in these industries is shown below (Howells, 2006).  

 

TABLE 7: % SHARE OF NON-HEAT ELECTRICAL END USE - LS AB/SAFT 

End-Use Percent share (%) 

Process Cooling and Refrigeration 7 

Machine Drive 54 

Compressed Air 11 

Electrochemical Processes 18 

Facility HVAC 5 

Facility Lighting 3 

Facility Support 2 

Transport

Passenger

Personal 
Vehicle

Internal 
Combustion

Gasoline

Diesel

Hybrid

E85

PHEV

Electric

Public 
Transport

Bus

Plug in Bus

Freight

Truck

LCV
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TABLE 8: % SHARE OF NON-HEAT ELECTRICAL END USE - SCANIA 

End-Use Percent share (%) 

Process Cooling and Refrigeration 6 

Machine Drive 48 

Compressed Air 11 

Electrochemical Processes 12 

Other Processes 3 

Facility HVAC 9 

Facility Lighting 8 

Facility Support 3 

 

 

Few of the industries have already switched to Biomass for either process heat or local space heating, which 

has been included in the model. Although, this would mean a rise in demand of biomass in the future, as 

the industries look to reduce their overall GHG emissions. Industrial interventions, especially in the non-

heat electrical end uses are discussed in the following chapter.  
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4 DEMAND SIDE MANAGEMENT  
The following are the measures considered in order to reduce the final energy demand and mitigate the 

GHG emissions across various sectors in Oskarshamn municipality.  

 

4.1 ENERGY EFFICIENT BUILDINGS 
This section consists of four ‘minor’ scenarios that recommend measures for the residential and non-

residential buildings. Although, the cumulative effects of them are compiled into a single scenario called 

the “energy efficient buildings”, as elaborated in section 5.1.  

 

4.1.1 EFFICIENT WINDOWS 
With the increase in energy efficiency in buildings, there tends to be an increase in annual heating demand. 

In order to avoid this, the buildings have to be better insulated. One of the main entity that reduces air 

leakages and thus acts as a good insulating medium is the windows. In this scenario, better insulating 

windows are considered to replace the existing ones. The insulation in buildings is measured in U-values. 

The lesser the U-value, the higher the insulation effect. According to the present (after 2010) Swedish 

standards, the U-value for windows in the houses with a window-to-floor area ratio of 15% should be less 

than 1.0 W/m2K. As for houses built in 1960, the U-value of windows can be upto 1.6 W/m2K (Bülow-

hübe, 2001). 

 

In Oskarshamn with more than 95% of the houses having been built before 1980 (“Number of dwellings 

by region, type of building and period of construction,” 2015), the existing windows are assumed to be 

coupled double pane windows (U-value: 2.5 W/m2K). A measure has been recommended to replace the 

existing windows to triple pane windows with one low e-coating and Argon gas filling (U-value: 1.5 

W/m2K), having an energy savings potential of roughly 10% as estimated by (Bülow-hübe, 2001), which 

also has the acceptable U-value for houses constructed after 2000. One assumption in analyzing this 

scenario is that the existing type of space and water heating technologies remain the same throughout the 

period of analysis.  

 

The actual amount of energy saved due to the implementation of this measure would be lower than the 

values projected by model, as the newly constructed buildings would already have the best insulation, which 

is however not accounted here. The amount of net energy saved by the implementation of this measure is 

shown in FIGURE 3. 
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FIGURE 3: ENERGY DEMAND - MITIGATION VS. BAU (EFFICIENT WINDOWS SCENARIO) 

 

COST ANALYSIS 
The actual number of windows per building has been calculated based on the floor area and the window to 

floor ratio (Bülow-hübe, 2001). The detached houses are estimated to have 19 windows/building and the 

apartments are estimated to have 10 windows/building. Whereas, the office buildings, having a larger floor 

area, are estimated to have 100 windows/building. The cost of retrofitting these windows is assumed to be 

3092 SEK/window (Bülow-hübe, 2001). Using the cost of energy saved due to the implementation of this 

measure and the cost of retrofitting the windows, a cost-benefit analysis was carried out and is tabulated in 

ANNEX – II. 

 

 

4.1.2 EFFICIENT HEATING  
The share of heating technologies in Oskarshamn is compared with the average values for Sweden 

(Gustavsson, Särnholm, Stigson, & Zetterberg, 2011) and the outcomes are a recommendation of shift to 

more efficient heating technologies. TABLE 9 shows the proposed change in the share of heat from 

different technologies.  
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TABLE 9: CHANGE IN % SHARE OF HEATING TECHNOLOGIES - RESIDENTIAL BUILDINGS 

 Apartments Detached houses 

Heating Technology 2012 2040 2012 2040 

District heating 95% 95% 4% 4% 

Electricity 4% 0% (↓4%) 46% 62% (↑16%) 

Oil 1% 0% (↓1%) 1% 0% (↓1%) 

Wood pellets - - 49% 24% (↓25%) 

Solar heat 0% 5% (↑5%) 0% 10% (↑10%) 

 

 
The district heat is considered to provide the same share as before in both the cases, due to it is high 

efficiency and ability to be easily controlled being a central source of heat provider. Although, in the actual 

case, there could be a reduction in dependence on the district heat due to the proposed closure of the Nuclear 

power plants (“Antal och andel hushåll efter region och boendeform,” 2015; Gustavsson et al., 2011), which 

is not considered here. 

 

The detached houses see an increase in the use of heat pump as it is the most efficient type of system and 

could be a viable substitute for pellet fired boilers. The reason for reducing the use of pellet fired boilers 

although it is environmental friendly, is to reduce the dependence on wood pellets which could be used in 

other forms for other important end uses, like biofuel for transport.  

 

A hybrid solar thermal system (Bernardo, 2013) is introduced in both the building types, in order to replace 

the oil fired boiler which would likely be retired in the near future. The overall energy demand avoided due 

to the changes in the heating system in comparison to the business as usual case is as shown in FIGURE 4.  
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FIGURE 4: ENERGY DEMAND - MITIGATION VS. BAU (EFFICIENT HEATING SCENARIO) 

 

Due to a reduction in the heating demand and the retirement of fossil fuels from the system, there is a 

considerable decrease in the GHG emissions as depicted in FIGURE 5. The GHG emissions of the efficient 

heating scenario has been compared to the business as usual case in order to see the difference.  

 

 
FIGURE 5: GHG EMISSION - MITIGATION VS. BAU (EFFICIENT HEATING SCENARIO) 
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COST ANALYSIS 
The table below shows the investment cost for the solar heating technology and the average costs for heat 

pumps. The values are for a single family house with an average household size of three people (Danielski 

& Fröling, 2012).  
 

TABLE 10: NEW HEATING TECHNOLOGY COSTS 

Heating Technology Investment Cost (SEK) Lifetime (yrs) 

Solar thermal system (6m2) 

(solar house) 
56200 20 

Heat pump (air source) (heating 

system cost) 
24500 15 

 

The cost-benefit analysis for this measure is carried out in a similar fashion as before. The investment 

costs for the new technologies, their operational lifetime and the cost of fuel saved is used to estimate the 

costs and profits as shown in ANNEX – III. 
 

 

4.1.3 EFFICIENT LIGHTING  
The incandescent lights are being substituted by more efficient light bulbs throughout the world and this 

has proven as a cost effective and energy efficient measure. Thus, it would seem right to include this as a 

scenario in this energy model. According to the (Energimyndigheten, 2011) report, Light Emitting Diodes 

(LEDs) being the most efficient form of lighting are found to have an energy saving potential of upto 85% 

followed by the low energy bulbs (Compact Fluorescent lamps) having an energy saving potential between 

75-80%. One of the other available lamps with the least saving potential of 30-50% is the halogen lamps. 

They can be used in places for an aesthetic look rather than a commercial use due to its lower energy savings 

potential.  

 

One other recommendation which has been taken from the (Energimyndigheten, 2011) is the use of timers 

on the lamps in case there is a necessity to have the lights turned on almost any time. Although this 

recommendation cannot be included in the model, it is just assumed to be followed in general practice. The 

difference between the energy demands of efficient lighting scenario over the business as usual scenario is 

shown in FIGURE 6.  
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FIGURE 6: ENERGY DEMAND - MITIGATION VS. BAU (EFFICIENT LIGHTING SCENARIO) 

 

COST ANALYSIS 
The number of bulbs per building has been estimated based on the assumption that the power rating of 

incandescent bulbs used currently is 60 W in comparison to the LEDs having a power rating of 12 W.  

 

The difference in usage of the bulbs is observed through the average annual lighting hours of the bulbs in 

different types of buildings in Sweden (Kerosuo, Ruotoistenmäki, & Murtomaa, 2001; Mandil, 2006). 

Based on these data and the cost of electricity saved, the costs and benefits of this measure has been 

calculated and is tabulated in ANNEX – IV. 

 

Although, the estimated payback periods are longer, if the consumers should feel the necessity to have 

shorter payback periods, they can instead invest in low cost LEDs which have a much lower energy saving 

potential (Danish Energy Agency, 2015). 

 

 

4.1.4 ELECTRICAL EQUIPMENT 
This scenario consists of a theoretical assumption focusing on reducing the electricity demand by the 

development of efficient electrical equipment over the period of the analysis. According to (R. Anderson, 

D. Roberts, & National Renewable Energy Laboratory, 2008) and (Gustavsson et al., 2011), it can be seen 

that the electricity consumption of electrical equipment would likely reduce in the future, due to an 

improvement in their energy efficiency ranging between 25-30%. So, a reduction of 1% reduction every 

year in electricity consumption for appliances has been assumed, bringing it to 25% over the period of 25 

yrs. FIGURE 7 shows the difference in the final energy demand due to inclusion of this measure with 

respect to the business as usual case.  
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FIGURE 7: ENERGY DEMAND - MITIGATION VS. BAU (EFFICIENT ELECTRICAL EQUIPMENT 

SCENARIO) 

 

COST ANALYSIS 
Due to the limitation that this scenario has a more theoretical approach rather than a practical one, there 

remains a lot of uncertainties as to the exact investment costs necessary for the implementation of this 

scenario. Although, the gross profits and their net present value are calculated based on the “cost of energy 

saved” feature of LEAP (Heaps, 2012) and is tabulated in ANNEX – V. 
 

 

4.2 ECO-TRANSPORT 
This section focuses on intervention of cleaner fuels in the transport system of Oskarshamn. The eco-

transport is one ‘major’ scenario consisting of different focus groups such as public transport and personal 

vehicles. The measures recommended through this scenario are estimated to be a major source for reducing 

the GHG emissions in the transport sector.  

 

4.2.1 PUBLIC TRANSPORT 
The number of buses is considered to remain the same throughout the period of study, assuming that the 

same number of retired buses will be replaced by newly procured ones. In line to the plans of Kalmar Län 

Trafik (KLT), who controls the public transport system in the whole region of Kalmar, the existing fleet of 

diesel buses in Oskarshamn are to be replaced by Biogas buses. Alongwith this measure, an additional 

recommendation for introduction of Plug-in Hybrid Electric Vehicles is also considered (Nurhadi, Borén, 

& Ny, 2014). Assuming that the averge lifetime of a bus is 15 yrs and the procurement period is every 8 

yrs, the ratio of diesel bus:biogas bus:PHEV procured in the year 2017 is 15:4:1, in 2025 it is 10:8:2 and 

finally in 2033 it is 0:17:3. 
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According to the Sustainable Energy Alternatives Plans (SEAP) of the municipality and in accordance to 

the covenant of mayors, an increase in the public transport activity is to be considered. Here, the increase 

in the activity of public transport is observed as an increase in the distance travelled per bus. As the city 

expands, rather than increasing the number of buses, an increase in the actual distance covered per bus 

would seem a more sustainable and efficient option. So, an increase of 0.4% distance travelled per bus is 

considered, leading to an overall increase of 10% over the period of 25 yrs. The difference in the final 

energy demand of this scenario over the business as usual case is shown in FIGURE 8. The avoided energy 

demand is due to the introduction of highly efficient PHEV.  

 

 

FIGURE 8: ENERGY DEMAND - MITIGATION VS. BAU (ECO TRANSPORT SCENARIO, PUBLIC 

TRANSPORT) 

 

This measure not only reduces the energy demand for the public transport system but also has a direct 

contribution in mitigating the GHG emissions. The biogas fuel is considered to be nearly carbon free and 

so is also the biodiesel used as a supplementary source in PHEVs, which means that the public transport 

system becomes completely carbon free by the end of the analysis, although there are traces of other types 

of emissions from both the biogas and PHEV buses, which is not accounted for. The emissions avoided by 

the implementation of this measure in comparison to the Business As Usual case is as shown in FIGURE 

9.    
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FIGURE 9: GHG EMISSIONS - MITIGATION VS. BAU (ECO TRANSPORT SCENARIO, PUBLIC 

TRANSPORT) 

 

4.2.2 PERSONAL VEHICLE 
In the business as usual scenario, the gasoline cars are replaced by diesel and flexi-fuel (E85) cars. A slower 

growth in PHEVs, EVs and biogas hybrid variants is also observed using the forecasting methods in LEAP 

(Heaps, 2012).  

 

However, in order to reduce the dependence on fossil fuel in the future, an accelerated growth in the EVs 

for short distance travel and PHEVs (to replace diesel cars) for longer distance travel is considered as a 

measure along with the existing growth in biogas hybrid variants and FFCs (Gustavsson et al., 2011). 

Although, there still remains a huge doubt about the performance of FFCs in Sweden among the general 

public.  

 

The importance of promoting the growth of PHEVs and FFCs, eventhough it uses smaller portion of fossil 

fuels, is due to its higher efficiencies and to indicate a move towards a carbon neutral transport system 

rather than a complete carbon free system, which would be really difficult. The difference between the 

energy demands for the eco-transport scenario to the business as usual scenario for personal vehicles is 

shown in FIGURE 10.  
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FIGURE 10: ENERGY DEMAND - MITIGATION VS. BAU (ECO TRANSPORT SCENARIO, 

PERSONAL VEHICLE) 

 

FIGURE 11 depicts the change in GHG emissions by the implementation of the eco transport scenario to 

the business as usual case for personal vehicles. The reduction in GHG emissions in the business as usual 

case, due to the retirement of gasoline cars reduces this difference at the earlier stages, however on the long 

run a significant difference is seen due to the reduction in diesel cars in the eco transport scenario.  

 
FIGURE 11: GHG EMISSION - MITIGATION VS. BAU (ECO TRANSPORT SCENARIO, PERSONAL 

VEHICLE) 
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COST ANALYSIS 
The cost analysis for the public transport has been estimated here as it has direct relation to the municipality. 

Whereas, the costs associated with the passenger cars are not accounted due to the higher uncertainty in 

their trends.   

 

In public transport, the cost of a bus operating on diesel fuel is 2.4 mil. SEK over the operative lifetime (8 

yrs) with an additional annual O&M cost of 160300 SEK/yr, whereas the biogas bus costs 3.1 mil. SEK 

with an additional annual O&M cost of 196700 SEK and the cost of PHEV is 3.05 mil. SEK with an 

additional annual O&M cost of 360000 SEK (Nurhadi et al., 2014). The benefits associated with this 

measures is assessed in terms of GHG saved as there is no energy saved due to change in fuel usage. In 

fact, the biogas buses consume more fuel than the average diesel buses. The overall costs and benefits of 

the eco-transport scenario are tabulated in ANNEX – VI. 

 

 

4.3 INDUSTRIAL INTERVENTION 
This scenario consists of a measure to mainly reduce the non-heat electricity demand in the three main 

industries identified. Although, there is an allowance provided by the European Union Emission Trading 

Scheme (EU ETS) to help them mitigate their emissions, an increase in the overall energy efficiency would 

be beneficial. TABLE 11 shows the list of possible industrial interventions with their energy saving 

potential (I Howells, 2008). 

 

TABLE 11: INDUSTRIAL INTERVENTIONS – ENERGY SAVING POTENTIAL 

Use of 
Electricity / 
Measure 
considered 

Efficient 
motors 

VSDs 
Compressed 

Air saving 
Efficient 

HVAC 
Refrigeration 

Load 
shifting 

Efficient 
Lighting 

Process Cooling 

and 

Refrigeration 

- 10% - - - 20% - 

Machine drive 

(incl. 

compressed air) 

5% 5% 15% - 15% - - 

Facility HVAC 5% 10% - 30% - 20% - 

Facility 

Lighting 
- - - - - - 40% 
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4.3.1 EFFICIENT MOTORS 
These are higher priced motors that reduce the electrical power consumed substantially, although it requires 

adaptation as they run at higher speeds than inefficient motors. 

 

4.3.2 VARIABLE SPEED DRIVE 
These drives are used to reduce the unnecessary power consumed by electrical motors with varying loads.  

 

4.3.3 COMPRESSED AIR SAVING 
This is an easily achievable measure specifically focused for compressed air used in the system and is 

possible at lower costs with significant savings potential.  

 

4.3.4 EFFICIENT HEATING, VENTILATION AND AIR CONDITIONING 
This recommendation includes the use of good quality air and maintaining the necessary temperature levels. 

It also includes savings due to better maintenance.  

 

4.3.5 REFRIGERATION 
With time, the refrigeration system becomes obsolete similar to any electrical system. This measure is to 

recommend the proper maintenance of existing systems that would lengthen its longevity and put the system 

to better use. Replacing the systems to newer ones is not recommended as they do not make use of rejected 

heat and the cooling provided is usually over the required limit.  

 

4.3.6 LOAD SHIFTING 
Proper load shifting methods can be adhered in order to limit the electricity demand and make sure that 

the necessary power is acquired during peak requirement periods.  

 

4.3.7 EFFICIENT LIGHTING 
Apart from the above mentioned measures, one additional measure from the previous stages has been 

considered. Which is, efficient lighting and this recommendation is not only changing to efficient bulbs, 

but also to make use of the natural lighting available.  

 

The net energy saved through the implementation of this scenario compared to the business as usual case 

is as shown below.  
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FIGURE 12: ENERGY DEMAND - MITIGATION VS. BAU (INDUSTRIAL INTERVENTION 

SCENARIO) 

 

COST ANALYSIS 
The cost benefit analysis for this energy efficiency measure is carried out in a similar fashion to that of the 

measures in energy efficient buildings, with an additional assumption of average payback periods from 

similar industries in the U.S (U.S. Department of Energy (DOE), 2007). Using the payback period and the 

cost of energy saved, the costs and benefits are calculated and tabulated in ANNEX – VII. 

  

 

4.4 RENEWABLE ENERGY 
The locally available renewable sources of energy in Oskarshamn municipality are identified to be Wind 

and Biomass. The potential of wind energy comes from the fact that the municipality is close to the coast 

and as for Biomass, there is a potential of biofuel production from forest residues.  

 

The wind power potential for Oskarshamn is estimated by sizing down from Sweden’s overall estimated 

potential (Siyal et al., 2015) and is found to be 1300 GWh/yr. As for biomass, LEAP has an in-built feature 

to calculate the biomass potential by land area and wood fuel accessibility. The values set as input for this 

function are the area of forest cover (“Land use in Sweden by municipality and land use category,” 2013) 

and an accessibility potential limit of 30% (Nurhadi et al., 2014; “Oskarshamn Nuclear Power Plant,” 2015; 

Oskarshamns Kommun, 2013a).   The results of this scenario are discussed in section 5.3.
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5 RESULTS AND DISCUSSION 
This chapter is split into three sections, discussing topics such as final energy demand, GHG emissions 

assessment and energy flow assessment using Sankey diagram.   

 

5.1 FINAL ENERGY DEMAND 
The measures and their immediate impact on the business as usual case was reflected in the previous 

chapter. However in this part of the report, a comparison on wider perspective is carried out. FIGURE 13 

depicts comparison of the final energy demand of all scenarios created for the purpose of this study.  

 

 
FIGURE 13: FINAL ENERGY DEMAND - SCENARIO COMPARISON 

 

The “energy efficient buildings” scenario as mentioned before, includes all the ‘minor’ scenarios related to 

increasing the energy efficiency in buildings such as, efficient windows, efficient heating, efficient lighting 

and efficient electrical equipment.  

 

In order to assess the cumulative effects of all the sub-scenarios, such as Energy Efficient buildings, Eco 

transport and Industrial Intervention, a scenario called “mitigation” is introduced. FIGURE 14 shows the 

energy demand projections for the sub-scenarios along with the ‘business as usual’ and ‘mitigation’ 

scenario. The actual values of energy demand over the different scenarios is tabulated in ANNEX – VIII. 
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FIGURE 14: FINAL ENERGY DEMAND - CUMULATIVE SCENARIO COMPARISON 

 

5.2 GREENHOUSE GAS EMISSIONS ASSESSMENT 
Each of the previously discussed measure not only focus on reducing the energy demand but also are 

focused on mitigating the GHG emissions by phasing out the use of fossil fuels from the system. Here, the 

“energy efficient buildings” scenario serves the best purpose in combining the effects of efficient windows 

and efficient heating in the buildings. To elaborate, the shift to efficient insulation reduces the actual amount 

of fuel used for heating purposes, but when combined with the transition to cleaner fuels, there tends to be 

even lower emission levels in buildings.  

 

As the mitigation scenario also considers the “eco-transport” scenario, it tends to be the scenario with the 

lowest emissions levels, followed by the energy efficient buildings and so on. The trend of GHG emissions 

by the implementation of various measures is shown in FIGURE 15. The actual values of GHG emissions 

over the different scenarios can be seen in ANNEX - IX. 
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FIGURE 15: GREENHOUSE GAS EMISSION - SCENARIO COMPARISON 

 

5.3 ENERGY FLOW – SANKEY DIAGRAM 
FIGURE 16 shows the flows in the Oskarshamn’s energy systems during the base year. The electricity is 

shown as imports, because it is assumed that all the electricity provided to the municipality directly 

originates from the national grid. All the small scale local energy production units are assumed to direct 

their power to the national grid which is then redirected back to Oskarshamn as electricity imports.  

 

 
FIGURE 16: SANKEY DIAGRAM - BAU 2012 
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The energy flow does not tend to change much in the business as usual case, although there is an increase 

in the overall energy demand (ANNEX – VIII) which will be met with necessary energy imports as shown 

in FIGURE 17.  

 

 
FIGURE 17: SANKEY DIAGRAM - BAU 2040 

With the introduction of renewable energy sources such as wind and biofuels in the mitigation scenario, 

there is a complete change in the energy supply side of the Sankey diagram shown below. It is identified 

that the electricity produced from the renewable energy breaks even with the demand from 2033. As well 

with the introduction of the various energy efficiency measure there is a reduction in the final energy 

demands (ANNEX – VIII), which is clearly visible in the case of commercial sector.  

 

 
FIGURE 18: SANKEY DIAGRAM - MITIGATION 2040 
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FUTURE WORK 

EFFICIENT INSULATION 
The insulation of a building always considers windows and walls together as a single entity. Although, in 

this model only better insulation of windows is considered, if the better insulation of walls were to be 

included, it would presumably reduce the annual heating demands to even lower levels.  

ELECTRICAL EQUIPMENT 
A list of all the major electrical equipment in households/commercial buildings can be observed through an 

energy audit and can included in the model. The energy consumption of these devices can then be analyzed 

to recommend possible energy efficiency measures. This would benefit both the residential and non-

residential sectors by reducing their demand even further. A list of possible energy efficiency measures for 

the existing devices have been studied by the European Council for an Energy Efficient Economy (ECEEE) 

in (Ballu, Toulouse, & Coolproducts, 2010) and International Energy Agency in (Agency, 2007), which 

can be used as reference if this recommendation were to be included in the model.  

AGRICULTURAL ENERGY EFFICIENCY 
The existing energy system of the agricultural sector in Oskarshamn municipality consists of different fuels 

with not much relation to the actual end uses. The knowledge about the different end use practices would 

create means for supplementing the use of fossil fuel by cleaner fuels. Apart from shifting to cleaner fuels, 

the ways to increase the energy efficiency of the agricultural equipment can also be explored (Gellings, 

n.d.).  
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ANNEX - I 

ASSUMPTIONS 
 

Assumption Value/parameter assumed Reference 

Population 
Linear growth from historical 

values 

Oskarshamns kommun Fakta 

(Oskarshamns Kommun, 2013b) 

Number of Dwellings 

Linear growth from historical 

values with additional 0.14% 

(average) addition of new 

buildings from 2014 

SCB (“Färdigställda lägenheter och 

rumsenheter i nybyggda hus efter 

region och hustyp,” 2015) 

Gross Regional Product 1.5% 

Oskarshamns kommun Årsbudget 

2014 (Oskarshamns Kommun, 

2013a) 

Electricity end use for 

Buildings 
% share of energy end use 

Nordic Energy Technologies 

perspectives (Nordic Energy 

Research & Agency, 2012), SCB 

(“Energidata (MWh) efter län och 

kommun, kategori samt energityp,” 

2015) 

Lighting 
All the existing lamps are 

incandescent 
Theoretical assumption 

Market production of 

services 

Activity level for offentlig 

verksamhet & övriga tjänster 

SCB (“Regional Gross Domestic 

Product (GDPR), (ESA2010) by 

region (LAU2),” 2015) 

Market production of 

goods 
Activity level for Industry 

SCB (“Regional Gross Domestic 

Product (GDPR), (ESA2010) by 

region (LAU2),” 2015) 

Services 

Street lighting is the only end 

use service other than office 

buildings in commercial sector 

Oskarshamn kommun 

Agriculture 
Land area used as activity level 

measure 

SCB (“Land use in Sweden by 

municipality and land use category,” 

2013) 
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ANNEX – II 

COST BENEFIT ANALYSIS - EFFICIENT WINDOWS  

 

Gross profits (mil. SEK) 

Detached Houses Apartments Commercial 

541 253 1106 

Gross costs (mil. SEK) 

Detached Houses Apartments Commercial 

663 335 514 

Payback period (yrs) 

Detached Houses Apartments Commercial 

31 50 22 

Net profits (mil. SEK) 

Detached Houses Apartments Commercial 

- - 592 

Net costs (mil. SEK) 

Detached Houses Apartments Commercial 

123 82 - 
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ANNEX – III 

COST BENEFIT ANALYSIS - EFFICIENT HEATING  

 

Gross profits (mil. SEK) 

Detached Houses Apartments Commercial 

169 71 1213 

Gross costs (mil. SEK) 

Detached Houses Apartments Commercial 

54 -180 499 

Payback period (yrs) 

Detached Houses Apartments Commercial 

15 14 1 

Net profits (mil. SEK) 

Detached Houses Apartments Commercial 

115 251 714 
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ANNEX – IV 

COST BENEFIT ANALYSIS - EFFICIENT LIGHTING  

 

Gross profits (mil. SEK) 

Detached Houses Apartments Commercial 

399 216 195 

Gross costs (mil. SEK) 

Detached Houses Apartments Commercial 

58 25 18 

Payback period (yrs) 

Detached Houses Apartments Commercial 

10 7 4 

Net profits (mil. SEK) 

Detached Houses Apartments Commercial 

340 191 177 
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ANNEX – V 

COST BENEFIT ANALYSIS - EFFICIENT ELECTRICAL EQUIPMENT (mil. SEK) 

 

 Branches 

 Detached houses Apartments Commercial 

Gross profits 18 5 152 

Net Present Value 19 5 161 

 

 

ANNEX – VI 

COST BENEFIT ANALYSIS – ECO TRANSPORT (PUBLIC TRANSPORT) 

 

Gross costs (mil. SEK) Total GHG Savings (Metric tonnes CO2e) 

48 1767 
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ANNEX – VII 

COST BENEFIT ANALYSIS – INDUSTRIAL INTERVENTION (mil. SEK) 

 

 
Process Cooling and 

Refrigeration 
Machine 

Drive 
Compressed 

Air 
Facility HVAC Lighting 

 VSDs 
Load 

Shifting 
Refrigeration Motors VSDs 

Compressed 

Air Saving 

Load 

Shifting 

Efficient 

HVAC 

Efficient 

Light 

Gross 
costs 

0.4 0.8 0.4 1.8 2.5 1.4 1.3 3 7.8 

Gross 
profits 

1.1 1 1 5.1 5.1 1.4 1.7 1.6 0.7 

Payback 
period 
(yrs) 

3 3 2 3 4 4 3 9 10 

Net costs - - - - - - - 1.4 7.1 

Net 
profits 

0.7 0.2 0.6 3.3 2.6 - 0.4 - - 
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ANNEX – VIII 

ENERGY DEMAND – GWh/yr 
 

 

Scenarios 2015 2020 2025 2030 2035 2040 

Business As Usual 876 909 945 984 1027 1074 

Eco Transport 876 908 942 980 1020 1066 

Efficient electrical 
equipment 

876 906 938 974 1013 1055 

Efficient heating 876 908 942 979 1020 1064 

Efficient lighting 876 906 938 973 1012 1054 

Efficient windows 876 901 928 957 990 1026 

Energy Efficient 
Buildings 

876 893 912 932 955 980 

Industrial intervention 876 905 937 972 1010 1052 

Mitigation 876 889 902 916 932 951 

Total 7888 8124 8382 8667 8979 9323 
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ANNEX - IX 

GHG EMISSIONS – thousand metric tonnes of CO2 eq. 
 

Scenarios 2015 2020 2025 2030 2035 2040 

Business As Usual 78 79 81 83 85 88 

Eco Transport 78 79 79 80 81 83 

Efficient electrical equipment 78 79 81 83 85 88 

Efficient heating 78 77 76 75 75 74 

Efficient lighting 78 79 81 83 85 88 

Efficient windows 78 79 80 82 84 86 

Energy Efficient Buildings 78 77 76 75 74 74 

Industrial intervention 78 79 81 83 85 88 

Mitigation 78 77 74 73 70 70 

Total 703 705 708 715 723 737 



 

 


