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EXECUTIVE SUMMARY

For the last eight years the University of Flensburg has being working in close collaboration
with Community Energy Scotland (CES) regarding environmental and energy issues on rural
and island communities of Scotland. In February and March 2010 eleven students of the 18
months Energy and Environmental Management Master of Engineering course of the
University of Flensburg/Germany, conducted a study in the Islands of Rousay, Eday and the

town of Kirkwall, capital of the Orkney Islands within the International Class 2010.

The field research study aims to determine the difference of the direct and embedded transport
energy consumption, CO, emissions as well as costs between Rousay and Eday and compare
this with Kirkwall. In addition a transport poverty indicator was developed, which is used to
assess the transport poverty in the three places. The study focused on the behaviour of
transport related activities in three main sectors: households, agriculture and small businesses.

Field surveys were carried out to collect data from the three locations on the three focus areas.
Primary data were collected through face to face interviews and distributed questionnaires
using a standardized instrument. In addition interviews with experts were conducted on
specific aspects and questions. Secondary data were mainly obtained from the following
documents: DEFRA report, Scottish Transport Statistics, reports and statistics of the Orkney

Council, Orkney Ferries as well as Rousay and Eday development plans.

The study was conducted by taking random samples of 2% of the households in Kirkwall, and
around 60% on the two islands. The samples have a 95% confidence level under the

established confidence intervals.

CO, calculations for all the sectors were based on the fuel consumption of the vehicles and
the emission factors of the various fuels. For the calculation of the CO, emissions of the
ferries, the total emissions per trip between the mainland and the islands were figured out

using the fuel consumption of each ferry and the required time for the trips.



The average transport energy demand of households in Rousay (excluding the ferry transport)
is about 25% higher than the one in Eday. However, when the ferry transport is included in

the household sector the difference increases to almost 50%.

In Eday the transport energy demand in the household sector excluding the ferry transport is
less than that of Kirkwall and Rousay. When the ferry transport is included the consumption
in Eday increases by 30% and becomes higher than that of Kirkwall but lower than that of
Rousay. Hence, the transport energy demand from the ferry transport in Rousay is much
higher than that of Eday. The most important findings of the study are shown in the tables

below.
Average annual transport energy demand (MWh / year)
HH including | HH excluding | Businesses Farms
ferry transport | ferry transport | excluding excluding
ferry transport | ferry transport

Rousay 12 8.02 7.85 8.52
Eday 8.37 6.44 5.66 15.94
Kirkwall 7.51

Including the expenditure on ferry transport, HHs in Eday and Rousay pay 34% and 75%
more for transport than HHs in Kirkwall respectively. The expenditure on ferry transport

represents 49% in Eday and 59% of the total expenditure in Rousay.

Average annual expenditure on transport (£ / year)

HH including | HH excluding | Business Farm

ferry transport | ferry transport | excluding ferry | excluding ferry

transport transport
Rousay 1,655.28 1,042.92 932.50 725.57
Eday 1,267.76 860.28 724.00 1,383.35

Kirkwall 945.21

The carbon dioxide emissions from all the sectors considered in this study are directly related

to the consumption of fossil fuel. For both Rousay and Eday households, CO, emissions



associated with the use of ferry is quite significant. The figures show that, 36% and 25% of

the CO, emissions of the Rousay and Eday households respectively are due to the ferry

transport.
Average annual CO; emission (t CO, / year)
HH including | HH excluding | Business Farm
ferry transport | ferry transport | excluding excluding
ferry transport | ferry transport
Rousay 3.27 2.11 2.09 2.24
Eday 2.26 1.69 1.57 491
Kirkwall 1.97

To estimate the impact of the embedded transport cost on Eday and Rousay households were
compared with households in Kirkwall, the IC 2010 researchers compared the living cost of a
typical household in these three locations. From the survey data it is seen that due to the
difference in food prices and observed transport expenditures, the household in Rousay would
spend £1,284 more per year than in Kirkwall. For Eday, the household would spend £ 1,214
per year more than the household in Kirkwall.

The study from the given sample shows that, households in Eday and Rousay with an income
below the poverty line are more likely to be under transport poverty than the same household
in Kirkwall. Households who spend more than 8.3% of their income on transport are prone to
transport poverty. 25.0% of the HH in Eday fall under transport poverty compared to 22.2%
in Rousay and 11.4% in Kirkwall. Thus Eday has the highest percentage of transport poor

households.

The researchers studied possible future transport options for Eday and Rousay and had a
closer look to the idea of building a bridge between the mainland and Rousay. With the high
investment it would take a very long time (in the best case nearly 192 years) until it pays
back. On the other hand the disadvantage of constructing a bridge is the negative
environmental impact. Therefore, the bridge option for Rousay was neglected. In the case of
Eday this options was not considered because the island is far away (about 16 miles) from

mainland Kirkwall.



Reducing the number of trips between the islands and mainland

In case of Rousay, the introduction of a passenger ferry in combination with car ferry services
by replacing the current ferry with a bigger one increases the total energy consumption by
almost 2,000,000 kWh/y. The total CO, emissions for the ferry services between Tingwall
and Rousay will also increase significantly. Therefore the IC 2010 research team did not
consider this option as a feasible option. This option is not considered for Eday because the
service is already limited to two round trips per day to Kirkwall and this route is combined

with the services of the two more populated islands Stronsay and Sanday.

Replacing the existing ferries with new technologies

A new LNG (Liquefied Natural Gas) ferry technology will emit less CO, compared to the
existing ferries. The study shows that, CO, emissions by the LNG ferries are smaller than
with the marine diesel fueled ferry. Out of the presented scenarios the best option could be the
replacement of the actual ferries for new ferries with a more efficient technology like the
LNG ferries.

Public bus service on the islands
Using public busses with the same frequency of ferry departure and arrival times, so that

more people would use public transport which helps to improve the mobility on the islands

The IC 2010 team considered that the implementation of public buses in the islands can be
done in the short term, while the replacement of current ferries can be implemented once the

current ferries have to be replaced.
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CHAPTER I: INTRODUCTION

1.1 Context of the study

The Islands of Orkney are a group of 70 islands and skerries 6.2 miles from the north-east tip

of the Scottish Mainland. The total population is about 20,000. The largest island is known as

“‘Mainland’ and the capital of Orkney is Kirkwall." Given the open exposure to the Atlantic

and North Seas, the most noticeable feature about Orkney weather is the wind.

Eday and Rousay, the main research areas of this study, are two small islands located north

east of Orkney Mainland. (Figure 1). Rousay with a population of 220 is 3.6 miles away from

the mainland and can be reached within 20 minutes via ferry connection from Tingwall. Eday

with 151 inhabitants is located 15.8 miles away from Kirkwall and can be reached in 75

minutes by ferry connection from Kirkwall.

Between Rousay and the mainland,
there is a regular ferry connection
which operates six times a day and
six days a week. But in Eday the
ferry connection is only two times a

day on average.

There is no public bus service in
Eday. But in Rousay there is one
public bus which operates only one

day a week.

This research study is carried out in
these two islands Rousay and Eday

Legend PAPA
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Figure 1. 1 Orkney Islands’
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by a group of eleven international students from the University of Flensburg Germany, as an

exercise of their 18-month energy and environmental management Masters Course.

! http://www.visitorkney.com/about_orkney.asp (10/03/2010)



1.2 Research problem and questions

Unlike people living on the mainland, people living on Rousay and Eday islands need to
travel long distances to get access to the important products and services on the mainland.
This study is therefore aimed at finding out in how far people living on small islands are
affected by the cost of higher energy consumption for transport, how the higher transport
demand increases their carbon footprint and how both, the cost and the carbon footprint could

be reduced.

According to information from Orkney Ferries, the vessels connecting the islands to the
mainland carried 44,905 passengers and 9,257 vehicles between Rousay and Tingwall in the
fiscal year of April 2008 to March 2009. In the same year the ferry service between Eday and

Kirkwall carried 9,826 passengers and 2,198 vehicles.

Most people on the islands need to travel to the mainland for various reasons, which include
buying products for their daily living, getting goods for the shop, buying and selling of
agricultural inputs and products, purchasing supply for small business activities etc. As a
result of this, people living in the islands say that they pay a substantially higher amount for
the products which have been transported to the islands. This might be due to the additional
cost of transport which has been included in the cost of the products. This extra cost is known

as embedded transport cost.

Based on the description of these problems the research questions for this study are:
e What is the direct as well as embedded transport energy demand in the two islands?
e What are the direct as well as embedded transport related carbon dioxide emissions?
e What is the direct as well as embedded transport cost for households, businesses and
farms on the isles as compared to Kirkwall?
e What percentage of the population is under ‘transport poverty’ according to the

‘transport fuel poverty indicator’ developed in this study?

*Marine Services, Orkney Islands Council. Information from | Head of Marine Services Support
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e What are possible sustainable alternative transport scenarios which would reduce the
direct and embedded transport cost and CO, emissions from transport for the isles?
1.3 Objective and Relevance of the study

The main objective of this study is to determine the difference of the direct and embedded
transport energy consumption, CO, emissions and costs between Rousay and Eday and

compare this with Kirkwall.

Another objective is to provide a transport poverty indicator for the two islands based on the
data collected during the field research and estimate the share of households in transport

poverty in Eday, Rousay and Kirkwall.

The topic of the study is of great relevance to many island communities because mobility is
one of the most fundamental issues of concern to those living on islands as it impacts on
every aspect of their lives. Affordable, frequent and safe transport services are therefore vital

to island communities.

Island households and businesses consistently comment on the detrimental impact of
transportation on their lives. High travel cost means that prosperity and growth is constrained
by high operating and living cost due to their geographical settings which imposes limitations.
As stated in the Orkney Islands local transport strategy 2007-2010,”Passenger and goods
transport services are fundamental to the sustainability of Orkney. Transport plays a crucial
role in the economic and social development of Orkney and its connectivity to mainland
Scotland. For these simple reasons, the availability and affordability of transport services are

of great importance to all who live in Orkney and visit or want to visit Orkney”.?

The relevance and significance of this study stems from the above need and desire to
overcome the transport challenges and disadvantages on these two isles. The developmental
visions of both islands are similar in the sense that they seek to create an economically

prosperous self-reliant community that is connected with the wider world and that remains a

3 Orkney Islands local transport strategy 2007-2010. Page 3
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safe environment, where people are proud to live, able to work, to bring up and educate their

children and to fulfill their hopes and ambitions.

In both development plans one major factor that is identified as a key element in achieving
this vision is regular, reliable, faster and affordable transport links with other islands and

mainland Scotland. *

It is important also to state that, this study was identified explicitly in the Eday development
plan 2008-2013 to measure the additional costs attached to island living. It is the aim of the IC

2010 team that this report provides useful information for the two communities.

1.4 Structure of the report

After these introductory notes in chapter 2 of this report the methodology of the study is
presented and more detailed explanations about the type and approach used, the sampling and
the limitations of the study are given.

Chapter 3 analyses the data that have been obtained from the field research and focuses on the
direct and embedded transport cost and emissions from the various transport means used on
the islands. A cost analysis of the life cycle of a standard household living on the two islands
is also done to assess the cost of embedded and direct transport energy demand more in depth

and see how different the cost of living on small islands are compared to life in Kirkwall.

In chapter 4 the concept, methodology and results of an exercise to develop a transport fuel
poverty indicator based on the existing fuel poverty index is presented for the two islands.

In chapter 5 alternative scenarios have been developed to assess different options to reduce

the direct and embedded costs and carbon emissions from transport on the islands.

The last chapter (6) gives the conclusions and recommendations of the study.

* Eday development plan 2008-2013 p.10 & Draft Rousay development plan 2007 page 1



CHAPTER 2: METHODOLOGY

In this chapter, the methodology applied during this field research is presented together with
its design, sources, techniques and data collecting instruments. The approaches, methods,

tools and data analysis techniques used to interpret data are briefly explained.

2.1 Approach and type of the research study

We conducted the research by using three study approaches:

A quantitative or analytical approach was used to compare two or more groups, for
example comparing findings of the small islands Eday and Rousay with Kirkwall on the
mainland. The study was conducted by taking random samples in Kirkwall as well as around

60 percentage samples out of the total population, in the two islands Eday and Rousay.

A Descriptive study involves describing the characteristics of a particular situation, event or
case. In this research project, the direct and embedded energy consumption, cost and CO2
emission for transport in Eday and Rousay, compared with Kirkwall are presented. In order to
do that comparison, the island population was divided into three main sectors: households,

agriculture and small business.

The purpose of an exploratory study is to familiarize the researcher with a relatively
unknown phenomenon and allows obtaining information about the likelihood to conduct

further research in that specific area.’

Although there are several studies on fuel poverty related to heating in Scotland, the
International Class 2010 team didn’t find any literature or previous studies about the fuel
poverty concept applied to the transport sector. Hence, we developed a methodology, based
on the existing heating fuel poverty indicator studies, to calculate a transport poverty indicator

in Eday and Rousay.

% Hernandez and Col, 2006



2.2 Defining the boundary

Any process involving the research of reality must be placed within a perspective in time and
space®, in that sense in the following lines the spatial and temporary boundaries of this

research are established in these two dimensions:

Spatial boundary

This research project is limited to the transport sector of the households of Rousay, Eday and
the city of Kirkwall, and the agriculture and small businesses were analyzed for Eday and
Rousay only. As this is a comparative study between Kirkwall and the two islands, only

transport in these locations and between Rousay, Eday and Kirkwall was considered.

Time boundary

For the present study, the year 2009 was used as reference year.

2.3 Operationalization of the variables

In the following section the main variables are defined and the indicators used for answering

each research question are presented in table 2.1.

The variable “Energy demand” refers to annual transport energy demand for households,

agriculture and small businesses of Eday, Rousay and Kirkwall.

The environmental variable refers to the CO, emissions linked to the transport energy demand
for households, agriculture and small businesses of Eday, Rousay and Kirkwall.

The socio-economic variable refers to the expenditure linked to the transport energy demand

for households, agriculture and small businesses of Eday, Rousay and Kirkwall.

The variable on behavior refers to the different attitudes and customs of the households that
affect the transport energy demand for households, agriculture and small businesses of Eday

and Rousay, as well as of households in Kirkwall.

® Mendez, 2006



Table 2. 1 Operationalization of the research questions

Research question Variables Indicators
What are the direct and Transport energy consumption (MWh) per
embedded transport energy households (HH)
demand, Transport energy consumption (kWh) per kg
CO, emissions and costs? transported by ferry per trip
Transport energy consumption in MWh per
kg of cattle and sheep meat
Energy Transport energy consumption MWh per
demand business and farm

Embedded transport energy demand per kg
of food and drinks sold in the local store
(kwh)

Embedded transport energy demand for a
wood house of 131 square meters in each
island (kWh)

Environment

Transport CO, emissions per HH (t/year)

Transport CO, emissions (g) per Kg
transported by ferry per trip

Transport CO, emissions (kg) per kg of

cattle and sheep meat

Transport CO, emissions per business and

farms (t/year)

Embedded transport CO, emissions per kg of

food and drinks sold in the local store (kg)

Embedded transport CO, emissions for wood

house of 131 square meters in each island
(kg)

Socio

economic

Average transport expenditure per HH for
the sample




Research question Variables Indicators
Cost per liter of each type of transport fuel
Cost of reference food and drink basket in
islands and Kirkwall
Ferry trips per HH per year
Behavior Transport means used to go to work
Percentage of fuel purchased in Kirkwall per
HH
) ] Percentage of HH under transport poverty
Transport poverty index Social ) )
index per site
Energy kWh pel‘ t”p
Alternative transport Environment | CO, emissions per trip
scenarios Socio Cost per trip (in £)
economic

2.4 Data collection techniques

2.4.1 Primary data

e Face to face interview: The main method of data collection in Rousay, Eday and

Kirkwall was the face to face interview with a standardized questionnaire. In the case

of Eday and Rousay, the 1C 2010 group members visited households, farms and small

business firms. In Kirkwall, most of the interviews were conducted on Saturdays with

residents of Kirkwall in different public areas of the city, 10.5% (6 questionnaires out

of 57 in total) of the questionnaires were filled in by staff members of the Orkney

council.

e Written questionnaire survey: In some of the households, farms and businesses in

Rousay and Eday, depending on the availability of the respondent, the same

standardized questionnaires as in the interview were filled in by the respondents
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themselves. This was also the case for the survey at Orkney Energy Agency and

Orkney Council, as well as Kirkwall Police office.

e Interview with experts: In order to get specific information about the transport, energy
and environmental sector in Eday, Rousay and Kirkwall, the students had meetings
with representatives and experts from the following institutions:

- Community Energy Scotland (national and local experts)

- Orkney Energy Agency

- Orkney Island Council

- Orkney Ferries

- International Centre for Island Technology

- Rousay Development Trust and Eday Partnership

- Local transport service providers in Eday and Rousay

2.4.2 Secondary data

The literature review involved screening of reports, technical research papers, local site maps
and other relevant documents by internet search during the preparation seminar of the
International Class at the University of Flensburg as well as on the site.
Ordinance survey maps provided by Rousay and Eday community partner organizations were

used to locate households, agriculture and business organizations on the islands.
2.5 Sampling description

The Table below shows the sample size of the study and the total population.

Table 2.2 Summary of the sampling of the field survey in the research sites

Location | Sectors Total (number) | Surveyed (number) | Proportion
Households 105 60 57%
Rousay | Agriculture 16 12 75%
Small businesses 15 12 80%
Households 73 47 64%
Eday Agriculture 14 12 86%
Small businesses 7 5 71%
Kirkwall | Households 3,120 56 2%
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2.6 Analysis of technical data

In order to retrieve the data from the questionnaire survey, compilation sheets were designed.
SPSS and MS Excel 2007 were used as statistical software to analyze the surveyed data. The

answers from respondents were coded to convert them into quantitative data.

A sector wise analysis of the surveyed data was done for households, agriculture, and small
businesses to allow comparisons between the islands. The comparison was done considering

the variables and indicators mentioned in table 2.1.

CO, calculation method: CO; calculations for all the sectors were based on the fuel
consumption of the vehicles and the emission factors for different types of fuels. For the
ferries” CO, emission calculation, the total emissions per trip between Kirkwall and Eday, as
well as Tingwall and Rousay were calculated, using the fuel consumption of each ferry and

the required time for each trip.

The embedded CO, emissions were calculated for some specific examples: building a house,
food supplied through the local shops and transport of fuel to the islands.

2.7 Limitations

A limitation faced while carrying out the field research was the fact that the answers from the
interviews on how many miles does each vehicle run per year was could not be used for CO,
emissions calculations, because they were not consistent with the fuel expenditures of the
same period. This quality problem limited the CO, calculation to one method (fuel

consumption from fuel expenditure).
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CHAPTER 3: FINDINGS FROM THE FIELD RESEARCH

3.1 Emissions and Costs of Direct and Embedded Transport

3.1.1 Fuel consumption, energy demand and CO, emissions of vehicles, bus and ferry

transport

3.1.1.1 Carriage of vehicles and passengers by the ferries

In Orkney, ferries are vital links between the outer islands and Orkney mainland. Three
ferries, Earl Thorfinn, Earl Sigurd and the Varagen, are currently operated for the routes from
Kirkwall to the outer north isles of Westray, Papa Westray, Stronsay, Sanday, Eday and North
Ronaldsay. There is a regular ferry service from Tingwall to the inner north isles of Rousay,
Egilsay and Wyre with one ferry - Eynhallow’. For the purpose of our study only the routes of
Rousay-Tingwall and Eday-Kirkwall are considered. However, for the calculation of CO,
emissions all passengers on the ferries are considered, no matter whether they go from/to
Rousay/Eday or just pass by these islands.

Table 3. 1 Passenger and vehicle numbers 04.2008-03.2009°

Rousay-Tingwall Eday-Kirkwall
Total number of passengers 50,215 33,149
Number of cars 9,257 7,233
Number of commercial vehicle 4,748 3,901
Number of round trips 1,988 709

The total expenditure of Orkney ferries on fuel, marine gas oil for all routes operated, was
£1,327,000 in 2008.

For the route of Tingwall-Rousay/Egilsay/Wyre, the total income in 2008 was £265,000. 26%
of this income was spent on fuel (£67,600). For the route Kirkwall-Sanday/Stronsay/Eday

! Orkney Island Council - http://www.orkneyharbours.com/ferry_services.asp
8 Marine Services, Orkney Islands Council; SESAM-1C2010
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76.2% (£875,800) of the income was spent on fuel.’ The high expenditure on fuel for the
Kirkwall-Sanday/Stronsay/Eday route is mainly caused by the longer distance between

Kirkwall and Sanday/Stronsay/Eday.

3.1.1.2 Energy consumption and CO, emission of ferries

The total fuel consumption and CO, emissions of the ferries have been calculated with
information from the timetable and the specific fuel consumption of each ferry. Marine gas oil
is used by all ferries of “Orkney Ferries”. The specific fuel consumption of the ferry for
Rousay-Tingwall is 70 liter/hour and for Eday-Kirkwall is 250 liter/hour. The CO, emission
factor of marine gas oil (MGO) is 3 kgCOy/liter and the specific heating value of MGO is
38.0 MJ/liter™.

Table 3.2 below shows the specific fuel consumption and CO, emissions per kg weight of
freight, resp.passengers™!

Table 3. 2 Energy consumption and CO, emission of the ferries

Unit Rousay-Tingwall | Eday-Kirkwall

Total fuel consumption liter/year 162,353 547,229

kWh/year 1,713,730 5,776,308
Total freight & passengers kglyear 33,361,375 26,353,381
Energy demand by weight kWh/kg/trip 0.051 0.219
Total CO; emission tCO,/year 503 1,696
CO; emission by weight gCO/kgltrip 15 64
Fuel consumption by weight liter/kg/trip 0.005 0.021

9 .-

Ibid 2
102006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol.2, chapter 3 & BP Specification for
MGO

! Total fuel consumption (Liter) = Total engine operating hour (hour) x Specific fuel consumption (liter/hour)
Total energy demand (kwh) = Total fuel consumption (liter) x Fuel heating value (kWh/liter)
Total CO2 emission (tCO,) = Total fuel consumption (liter) x CO, emission factor (tCO2/liter)
Total weight transported =Total weight of passengers (adults + children) + Total weight of vehicle (vehicle + freight)
Energy demand by weight (kWh/k/trip)= Total energy demand (kWh)/Total weight (kg)
CO, emission by weight (g/kg/-trip)= Total CO, emission (gCO2)/Total weight (kg)
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These figures are used to calculate CO, emission and energy demand from ferry transport for

all sectors, such as household, agriculture, business.
3.1.1.3 Capacity factors of Rousay and Eday ferries
Due to maintenance and real demand of ferry transport, the capacities of ferries depend on the

seasons. The table below presents passengers and cars transported by seasons and the

respective capacity factors for both routes Tingwall-Rousay and Kirkwall-Eday.

Table 3. 3 Passenger and car transported by ferry and ferry capacity factors in 2008

Capacity | Passenger ] Car
Passenger ) Cars Capacity )
for capacity capacity
transported transported | for Car
Passenger factor factor
Tingwall = g mmer 27,003| 170,240 16% 6779| 17,920|  38%
Rousay/Egilsay
/Wyre Winter 23,212 109,200 21% 7,226 21,840 33%
Kirkwall- Summer 30,115 111,860 27% 9,226 15,792 58%
Sanday/Stronsa
y/Eday Winter 26,356 68,310 39% 9,460 18,216 52%

During the year, capacity factors of both passenger and vehicles are quite low with factors for
Tingwall-Rousay/Egilsay/Wyre lower than 50%. The factors of the route Tingwall-
Rousay/Egilsay/Wyre are lower than those of the route Kirkwall-Sanday/Stronsay/Eday,
where three ferries are used. This is due to the large number of passengers and vehicles

from/to Sanday/Stronsay.

3.1.1.4 Cost and Emissions from Private Vehicles

Private vehicles are very important for mobility on remote islands such as Rousay and Eday.

In Rousay, there is only one public bus which operates once a week on Thursday, but in Eday

12 David Sawkins — Marine Services, Orkney Islands Council; SESAM-1C2010
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there is no public bus. Therefore car ownership is often seen as a necessity for access to

different services and activities on the islands.

In this study, primary data about monthly household expenditure on fuel, brand, model and
age of their vehicle and the annual mileage has been gathered through questionnaire and
interview. Based on these data the annual transport energy demand and the carbon dioxide
emission from the sample vehicles have been calculated. The expenditure on fuel stated by the
respondents was used to do these calculations.

The expenditures on the different fuels were converted to the quantities consumed using the
average price of 2009 which is the reference year of the study. People living in the two islands
purchase fuel either in fuel stations or in bulk from fuel suppliers. Three types of fuel are used
in the island. These are petrol or gasoline, white diesel (DERV) and red diesel. The average
price of fuel is taken from the fuel stations in Eday, Rousay and Kirkwall. In addition to that,
the average price of red diesel is taken from Scottish Fuel when it is supplied in bulk.

|l3

Table 3. 4 Fuel cost in Eday, Rousay and Kirkwal

Fuel Type Kirkwall (E/liter) Eday (£/liter) Rousay (£/liter)
Petrol 1.11 1.30 1.29
DERV (White Diesel) 1.14 1.27 1.30
Red Diesel 0.45 0.64 0.58

Detailed results of calculation of transport energy demand and the CO, emissions of private

vehicles can be found in the following chapters.

Basic assumptions for the calculation are as follows:

Diesel Petrol Unit
LHV* 10.00 8.80 KWhLiter
CO; emission factor™ 2.63 2.30 kg COy/Liter

3 Interviews with Eday and Rousay fuel stations conducted between 16-Feb-2010 and 09-03-2010, (of the price
of red diesel is taken from an interview with Scottish Fuel, The fuel price in Kirkwall is the wholesale price)
¥ \www.h2data.de (16.03.10)
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3.1.1.5 Cost and Emissions from Public Bus

Regular public buses are only available in Kirkwall. People in Rousay need to continue their
travel from Tingwall to Kirkwall either by public bus, by taxi or by private car. People living

in Eday have the advantage to arrive directly in Kirkwall.

Primary data on monthly expenditure of each household for using public buses have been
gathered through questionnaires and interviews. As many residents of the islands use the
buses free of charge or at reduced tariffs these data do not reflect the real use of public buses

in the three studied sites.

Therefore to calculate the energy demand and the carbon dioxide emissions from the use of
buses we took the CO, emission factor from DEFRA which is 140gCOz2/miles/passenger *°.
Based on this figure we calculated the energy demand of the public bus per mile and

passenger.

3.1.1.6 Transport-related energy demand, CO, emission and expenditure on trips between
the mainland and the islands

On the average, people from Rousay travel to the mainland by ferry three times as often as
those from Eday (5.7 compared to 2 trips per month). This is mainly because of the short

connection to Mainland from Rousay and the cheaper ferry fee.

The journey from Rousay to Kirkwall is divided into 3 parts: (1) from the house to the pier on
the island, (2) from the pier on the island to the pier on the mainland and (3) from the pier on
the mainland to the final destination. Depending on which type of transport mean the
passengers use, expenditures, fuel consumption, energy demand and CO; emissions for each
part of the journey are calculated separately.

Route 1: The passengers can either walk or drive by car from their house to the pier on the

island.

> DEFRA, 2007 (16.03.10)
' DEFRA (2007) page 21
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Route 2: On the ferry, the passengers can travel with or without their car

Route 3: On the mainland the passengers can drive their car (either they bring it from the

island or they have a car parked at the pier in Mainland), walk or take a bus from the pier to

the final destination.

To calculate the transport related expenditures, fuel consumption, energy demand and CO,

emissions for a typical household, 4 different scenarios have been developed for travelling

from Rousay to Kirkwall and two scenarios for travelling from Eday to Kirkwall. The basic

assumptions and inputs were as follows:

General assumptions

A medium sized car is used with a fuel consumption of 6.9 miles/liter

Average maintenance cost of the car is 60% of the fuel cost per mile.!’

Specific expenditures, fuel consumption, energy demand and CO, emissions of the
ferry are taken from part 3.1.1.2, those of cars and busses are taken from part 3.1.1.4
and 3.1.1.5

Specific assumptions for Rousay:

Average distance from house to ferry terminal : 3.6 miles

Distance from Tingwall to Kirkwall : 15 miles

Full price of ferry ticket for passenger and car: £ 3.5 and £ 11.15 respectively

Price of a trip with the ‘10 trips ferry ticket’” for passenger and car is £ 2.62 and £ 8.36
respectively

Price of a trip with the “20 trips ferry ticket’ for passenger and car is £ 2.45 and £ 7.8
respectively

Price of a trip with the *50 trips ferry ticket” for passenger and car is £ 1.75 and £ 5.57

respectively

7 Automobile association, 2010 http://www.theaa.com/allaboutcars/advice/advice_rcosts_petrol_table.jsp
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Rousay
Cost (£/trip)
CO, (kgltrip) Energy (kWh/trip) Full and reduced
ferry fares

Island | Ferry | Mainland | Total | Island | Ferry | Mainland | Total
18.45
Car-Car on 14.79

1.48 | 19.13 7.36 27.96 | 6.01 | 65.03 29.80 100.84
Ferry-Car 14.05
11.12
6.66

Walk-

5.78

Passenger on - 1.13 7.36 8.48 - 3.83 29.80 33.63
5.61

Ferry-Car
491
6.20
Walk-

5.33

Passenger on - 1.13 2.52 3.65 - 3.83 9.56 13.39
5.15

Ferry-Bus

4.45

For each different option, four prices were calculated, considering the different tariffs that

Orkney Ferries offer to Eday and Rousay residents. The energy consumption and CO,

emission that was assigned to a passenger on the ferry was only around 5% of the emissions

which was assigned to a car on the ferry. Further reduction would be achievable if public

transport is used to travel from Tingwall to Kirkwall centre.

For Eday, the basic assumptions were as follows:

e Average distance from house to ferry terminal: 4.1 miles

e Distance driven within Kirkwall is 2 miles

e Full price of ferry ticket for passenger and car: £ 6.8 and £ 16.25 respectively

e Price of a trip with the ‘10 trips ferry ticket’ for passenger and car is £ 5.14 and £

12.19 respectively

e Price of a trip with the ‘20 trips ferry ticket’ for passenger and car is £ 4.8 and £

11.375 respectively

e Price of a trip with the ‘50 trips ferry ticket” for passenger and car is £ 3.425 and £

8.125 respectively
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Eday
CO;, (kgftrip) Energy (kWh/trip) Cost (E/trip)
Full and reduced
Island | Ferry | Mainland | Total | Island | Ferry | Mainland | Total ferry fares
24.17
Car-Car on 18.40
1.68 | 81.60 0.82 84.09 | 6.79 | 279.23 3.31 289.32
Ferry-Car 17.24
12.62
6.85
Walk-
5.14
Passenger on - 4.80 - 4.80 - 16.43 - 16.43
4.80
Ferry-Walk
3.43

As in Rousay, four different prices were calculated for each option. The ferries which are used

to serve Eday, Stronsay and Sanday are ferries with high diesel consumption, therefore, 263

kWh and 77 kg CO, per trip was assigned to a car traveling on the ferry.

3.1.2 Embedded transport energy, cost and emissions

The embedded transport energy is the amount of energy used in transport to produce,

commercialize or buy a product or service in one specific location. For example, if a

household in Rousay buy their groceries in the local shop every kilogram of product bought

has an embedded transport energy consumption, emissions and cost which are incurred during

the transportation of the groceries from Kirkwall to the shop.

As the study focuses on the influence of transport on the living cost in Rousay and Eday, it is

assumed that these embedded costs finally have to be borne by the households. In the case of

agriculture and business it reduces the profit from business activities on the islands compared

to Kirkwall. Embedded transport is related to almost all activities in our lives and for this

research project the calculation focuses on the following activities:

e House construction

e Food supply through the island shops

e Transport of fuel to the islands
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In general, the farms and the businesses buy the inputs for their activities directly in Kirkwall
and not from suppliers on the islands. Therefore their transport demand is exclusively

considered as direct transport.

3.1.2.1 House Construction

This exercise was done to estimate the transport energy consumption, cost and emissions
associated with the construction of two identical 131 m® wood frame houses in Rousay and
Eday. The required materials and quantities were obtained and calculated from drawings and
specifications of an existing house in Rousay (See details in Annex 1). Based on the
assumption that all the materials are purchased in Kirkwall, estimates of the transport costs
from Kirkwall to the two islands were obtained from the local transport service providers. The
results from the estimates of the quantities and their costs (Figure 3.1) shows that the total
transport expenditure for building a house of 131 m® in Rousay is £ 2,400 and £ 2,514 in
Eday.

The difference in the transportation cost is only 4.5% even though the difference in the ferry
fees for a 7.5 m long lorry is 35.23%. This difference could be due to the fact that the ferry
from Rousay arrives at Tingwall, whereas the Eday ferry goes directly to Kirkwall, hence

making the total travel times from both islands to Kirkwall almost equal.

£2,600
£2,400 | y ; ’
® Miscelanious Trip

£2,200 .
m Kitchen+Bathroom

£2,000
B Gypsum
£1,800
® Woodship and Plywood
£1,600 |
£1,400
£1,200
£1,000

£800

£600

B Wood

B Roof

B Wallinsulation+Floor

B Windows+Doors

B Polystyrene Floor Isolation
£400 H Concrete Brick

£200 B Cement

£0 B Gravel and sand

Rousay Eday

Figure 3. 1 Transport cost for a 131 m* wood frame house in Eday and Rousay



-20 -

For the CO, calculation the

120000 .
_ following values were used:
100000 CO2 assigned to
the materials for e The total estimated
80000 the sea transport .
. weight of the house
()] 60000 B CO2 assigned to
% Lorry for the sea material is 93 tones.
» 40000 - transport i
e The weight for an
20000 -+ M Road Transport
0 | = unloaded 7.5 meter long
Rousay  Eday lorry is 7 tones'®

. e The distance between
Figure 3. 2 CO,emissions assigned to the transport of materials ]
Tingwall ferry port and

Kirkwall is 13.5 miles®®.

for the reference house

e The CO, emission per kg transported by the ferry between Tingwall and Rousay is 15
gCO,/ kg of weight per ferry trip

e The CO; emission per kg transported by the ferry between Kirkwall and Eday is 64
gCO,/ kg of weight per ferry trip

e The lorry CO, emission per mile is 0.47 kg/mile®.

Assuming a total of 14 trips to transport all the building materials from Kirkwall to both
Rousay and Eday, the total embedded CO, emissions is 23,213 kg per house in Rousay and
95,872 kg per house in Eday. In figure 3.2 the total emissions are presented for the two
Islands. The higher CO, emissions for Eday, is basically due to the difference between the
emission factors of the ferries from Eday and Rousay (Sea transport). The total emissions per
kg transported in the Eday ferry is more than 3 times greater than in the case of Rousay and
this is not only caused by the difference in distance but also by the difference between the
emissions factors per kg of weight transported by ferry, which is 4.26 times bigger in Eday

than in Rousay.

'8 \olvo FH 42T B3HC1, 2010. Model Ragnge. Available on http://www.volvotrucks.com/trucks/uk-market/en-
gb/trucks/Volvo-FH/Pages/datasheets.aspx

1% Google maps; Distance between Tingwall and Kirkwall. 09/03/10

2 IPCC, 1996. Guidelines for National Greenhouse Gas Inventories. Volume 3: Reference Manual. Available

on http://www.ipcc-nggip.iges.or.jp/public/gl/invs6.htm.
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For the calculation of the embedded transport energy consumption the following parameters
are used:
e The total estimated weight of the house material is 93 tonnes.
e The weight of an unloaded 7.5 meter long lorry is 7 tonnes®
e The distance between Tingwall ferry terminal and Kirkwall is 13.5 miles.??
e The energy consumption per kg transported by the ferry between Tingwall and Rousay
is 0.051 kWh/kg of weight per ferry trip.
e The energy consumption per kg transported by the ferry between Kirkwall and Eday
0.219 kWh/kg of weight per ferry trip.
e The lorry energy consumption is 0.56 miles/lkWh?

Using the above data and the

E—— assumption of 14 trips to
60000 - Energy assigned to transport all the materials to the
50000 - : E:Z:;ilfrﬁfpfg:l site, the embedded transport
% 40000 + W Energy assigned to energy consumption for the
jgggg tg;‘;;gilmesea house in Eday is 63,291 kWh

10000 - - ®m Road Transport and 17,439 kWh in Rousay.

0

Ry In figure 3.3 the total transport

Figure 3. 4 Transport energy demand for the transport of energy consumption for

materials of the reference house transporting the house

materials, are presented for the
two Islands. Note that the result is consistent with the CO, emissions, because the biggest
energy demand is caused by the sea transport and transport energy demand in the Eday case is

bigger than in the case of Rousay.

3.1.2.2 Food supply through island shops

1 olvo FH 42T B3HC1, 2010. Model Ragnge. Available on http://www.volvotrucks.com/trucks/uk-market/en-
gb/trucks/Volvo-FH/Pages/datasheets.aspx

?2 Google maps; Distance between Tingwall and Kirkwall.

ZIPCC, 1996. Guidelines for National Greenhouse Gas Inventories. Volume 3: Reference Manual. Available

on http://www.ipcc-nggip.iges.or.jp/public/gl/invs6.htm.
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For the calculation of the embedded transport costs and carbon emissions associated with the
food supply, a basket of food and drink items for one month for a standard household of four
persons was developed, based on the purchased quantities of household food and drinks for
Scotland®. The detailed list, with items and quantities is shown in annex 1.

The prices for the items in the baskets in Rousay, Eday and Kirkwall were compared. In Eday
and Rousay, the prices were obtained from the local shops. And the prices from Kirkwall
were obtained from the supermarkets LIDL, TESCO and COOP.

The original basket items were selected from the shop in Rousay and based on this the baskets
for Kirkwall and Eday were also made. For a fair comparison, items of the same brand were
chosen, and in the case where this was not possible a product of similar quality was selected.

£500: 1 Others (Pasta, Rice, Coffe, Ice
£450 - cream and Salt)
B Cereals
£400 -
£350 m Bread & Cakes
£300 -
m Vegetables, Fresh and procceced)
£250 and potatoes
£200 M Fruits
£150
W Eggs and Fats
£100 -
£50 M Beef, Poultry, Lamp and Fish
£0 = ' m Milk Products
Rousay Eday Kirkwall

Figure 3. 5 Cost of Food and drinks in food baskets

The results of the comparison (figure 3.4) shows that a household buying in Rousay would
spend £131/month more for the same basket of food and drinks than buying in Eday. When
compared to buying in Kirkwall, the household would spend £196/month more in Rousay.

The basket of goods from the Eday shop costs £ 76/month more than in Kirkwall.

24 Office of national statistics-UK: Family spending 2009
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Even though most of the items are cheaper in Kirkwall, the biggest difference between
Kirkwall, Eday and Rousay is the price of the meat products. Of the total price difference
between the basket in Kirkwall and Rousay, 78% is due to the meat price difference. For the
basket price difference between Eday and Rousay more than 90% is due to the meat price

difference.

In principle the total price difference cannot be explained only with the transports cost
because there are other factors in the cost structure of each location, like size of the shop (the
local shop in Rousay is smaller than the local shop in Eday), stock turnover, electricity,
salaries, etc. Another indicator that the difference is not only due to transport cost is the fact

that it is not evenly distributed among all the product groups.

Assuming a household in Rousay goes shopping in Kirkwall twice a month taking their own
vehicle, then the total transport cost comprising of ferry fees plus 0.1755 £/mile® of fuel cost

and maintenance would be £63.34 a month.

Considering this behavior, the total energy consumed per kilogram of food and drinks would
be 3.18 kWh/kg and 0.88 kg of CO,/kg would be produced. For the surveyed sample in
Rousay, only 40% of the households shopping expenditure are spent in the local shop. The
embedded transport energy and emissions per kilogram of food from the local Rousay shop is
approximately 1.26 kwWh/kg and 0.34 kg of CO,/kg of food and drinks.

If a household do their entire grocery in Kirkwall instead of in the local Rousay shop, an
amount of 138 £/month would be saved on the food and drinks expenditure but an extra
transport energy of 219 kWh would be consumed and 61.52 kg more of CO, produced. As
stated earlier, this total price difference is as a consequence of the high price difference in the
meat products which can be explained with the absence of a slaughterhouse on the island and
therefore farmers have to transport the living animals to the slaughter in Kirkwall and then

transport the meat product back to the island which increases the price substantially.

2% Automobile association, 2010 http://www.theaa.com/allaboutcars/advice/advice_rcosts_petrol_table.jsp
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If the percentage of the household’s shopping expenditure in Rousay is increased to 90%, the
new embedded energy and emissions per kilogram of food and drinks in the local store would
be 0.16 kg of CO,/kg and 0.59 kWh/kg. This represents approximately a 53% reduction in the

embedded energy and emissions per kilogram of food and drinks.

In the case of Eday a household would spend £ 92.4 for two round trips between Eday and
Kirkwall per month for shopping if they go with their own car. For these 2 round trips they
would consume 5.12 kWh/kg and produce 1.5 kg of COy/kg of food and drinks

The household would expend £16 more for shopping in Kirkwall than for shopping in Eday
and considering that for the surveyed sample where 73% of the household’s shopping
expenditure is done in Eday, the embedded energy and emissions per kilogram of food for the
local Eday shop is approximately 3.57 kWh/kg and 1.04 kg of COy/kg of food and drinks. So
if a household in Eday do all their shopping in the community store (according to the food
basket developed), not only would they save £16 per month, but also would consume 177
kWh less transport energy and produce less CO, emissions per month (51.72 kg/CO,) when

compared to doing their monthly shopping in Kirkwall.

In figure 3.5 all the analyzed cases are compared; note that the embedded transport energy
and emissions between the individual shopping in Rousay are almost the same as in the local
shop of Eday, this example shows the social and environmental benefits of using the local

shop as a main provider.
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Figure 3. 6 Transport energy and emissions per kg of food and drinks for different scenarios

3.1.2.3 Transport fuel cost

The table 3.4 in chapter 3.1.1 shows the fuel prices in Eday, Rousay and Kirkwall; there is a
difference of 17.11% for petrol, 11.4% for DERV and 42.22% for red diesel between Eday
and Kirkwall. Between Rousay and Kirkwall there is a difference of 16.21% for petrol,
14.04% for DERV and 28.89% for red diesel. Even though Rousay is closer to Kirkwall than
Eday the difference in cost of transport fuel, compared with Kirkwall is almost the same as in
Eday.

From the available data it is not possible to determine the real value of the embedded
transport cost in the presented fuel costs; however it can be said that in the case of Eday, the

embedded transport costs are close to the difference between Kirkwall and Eday prices.

The difference in prices in food and fuel between Rousay and Eday, help to explain why from
the studied sample, 23.3% refuel their vehicles in Rousay local fuel station, because once a
household member is in Kirkwall, he can easily refuel the vehicle and save money not only on
food b