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1 Introduction & Background 

Sutherland is one of the most sparsely populated area in Europe and the parish of Durness is one of 

the most remote communities in Sutherland (Durness Development Group, 2017). Durness is a small 

village with 400 inhabitants, located on the Northwest tip of the Scottish Coastline. The most north-

westerly village on mainland Britain Durness consists of 8,000 acres of coastal and upland area (RD 

Energy Solutions Ltd., 2009).  

Durness Development Group (DDG) is a limited company which was established as a community 

charity for Durness in 2005. DDG works in cooperation with the community to make the Parish of 

Durness a sustainable place for living. DDG believes that even the smallest contribution can have a 

major impact on economic challenges which are faced by communities in the Highland area. In this 

regard, it supports economic growth by working in cooperation with the residents, businesses and 

enterprises within the Parish of Durness. One of the key objectives of the group is the development 

of renewable energy sources1. A number of projects have been planned to create a sustainable source 

of internal revenue for the community and make Durness a net energy exporter. By establishing 

renewable energy projects, it may be possible to save Durness from dependence on grants and ensure 

a sustainable economic development in the Parish (DDG Ltd. , 2016). 

DDG has made an attempt to implement two renewable energy projects which were a 40-kW micro 

hydro scheme in 2010 and a 500-600 kW wind turbine in 2006 (Grangeston, 2010) (RDES Ltd, 2006). 

However, due to grid constraint and high cost of infrastructure development, DDG has not taken these 

projects any further. Nevertheless, the DDG has not given up.  A recent project on the Island of Mull 

has provided new impetus to the idea of local renewable electricity generation in Durness. In 

cooperation with the grid operator SSE and Community Energy Scotland the community of the Isle of 

Mull is currently implementing a system that uses locally generated hydroelectricity to heat local 

houses through the public electricity network. 

Therefore, in close collaboration with Community Energy Scotland and the Durness Development 

Group, a five-week field research was carried out by 15 students of the Master of Engineering program 

in Energy and Environmental Management from the University of Flensburg, Germany. The mission of 

this research is to assess the potential of renewable energy sources, specifically from wind and hydro 

resources to provide affordable heating for Durness community. This is conceived in form of a 

community owned project as existing in other parts of the Scottish Highlands.  

                                                            
1 DDG webte (2017), http://www.developingdurness.org/   

http://www.developingdurness.org/
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This report presents the main findings which are organized as follows: Chapter 2 explains the 

methodology applied in this research. Chapter 3 presents the main findings of a household survey 

while chapter 4 analyses heating demand and technologies in Durness. The potentials of renewable 

energy resources, wind and micro hydro are discussed in chapter 5 and 6 respectively. Chapter 7 

presents the overview of the system which considers a promising way to match energy demand with 

supply. It considers grid constraints as well as possible options of heating systems for Durness. An 

analysis of the project economics is presented in chapter 8. Lastly, conclusions and recommendations 

are given in chapter 9. 

 

2 Methodology 

2.1 Objective of the Study 

The overall objective of this study is to assess a community owned project to meet local heat demand 

from locally available wind and hydro resources in an affordable way. This includes following specific 

objectives:    

¶ To assess local heat demand and analyse the possible demand of a small-scale enterprise.  

¶ To quantify the potential of wind and hydro resources for power generation to meet the heat 

demand.  

¶ To suggest a system configuration that maximizes the use of locally produced energy.  

¶ To analyse the cost and benefit of implementing such system in the community of Durness.  

2.2 Research Questions 

To address the above objectives the following questions needed to be answered. 

¶ What are the present heat demand and the heat installations in Durness? 

¶ What are the potentials of wind and hydro resources for generating electricity to meet heat 

demand? 

¶ Which system configuration is suitable to match the demand with supply? 

¶ How could such system be implemented in order to generate benefits? 

2.3 Methodology Overview  

The following methodology was deployed to achieve the objective of this study.  

A structured questionnaire was designed to collect baseline data which were required to address the 

research questions. The questionnaire was a combination of multiple choice, fill in the blanks and 

Likert questions which enabled respondents to answer the questions within a predefined framework. 
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The data was collected by deploying the questionnaire through a survey consisting of face to face 

interviews with the occupants of different entities such as residential and business. To maximize the 

sample size, the whole community was approached for interview. However, whoever (permanent 

occupant/owner) was available at home or at their business and agreed to participate in the survey, 

was counted.   

Apart from the surveyed data, several sources and literatures have been used in this study for data 

triangulation. The Scottish household survey, the Scottish heat map and, the Scottish neighbourhood 

statistics are the major sources of data which were used to compare the surveyed data.  

The data from the survey and other sources were analysed through a methodological triangulation to 

determine a comparable heat energy demand in the study area of Durness.   

Specific tasks and analysis such as assessments of wind resource, hydro resource, demand, and 

economic aspects were carried out in this project. For these analyses, several tools have been used 

throughout the study period such as, MS Excel models have been developed to investigate and match 

generation resources with demand and economic analysis which are described in the respective 

chapters.  

 

3 Questionnaire Results 

3.1 Introduction 

A structured questionnaire (see the questionnaire in Appendix A) based field survey has been used for 

this study from 25th February ς 1st March 2017. The questionnaire was prepared by the students to 

gather following information which are required for this study: 

¶ Present condition of housing stock in Durness. 

¶ Technology used for space and water heating and determine the satisfaction level 

corresponding to the heating system.  

¶ Household expenditure on heating.  

¶ Acceptance of implementing a community based renewable energy generation and 

consumption system in Durness.  

3.1.1 Survey zones and respondents  

In order to conduct the field survey, the area surrounding central Durness has been divided into 6 

zones targeting around 230 (Gubbins, 2016) respondents of different entities in buildings (residential 

and business). In addition to the reference, this number of buildings was validated using satellite 



18 
 

image of 2005 from Google Earth (Google Earth V.7.1.8.3036, 2016). However, according to Google 

Earth 187 building footprints have been found. One reason could be the difference between the time 

span of google image and survey date. During the survey, it was noticed that there are some cases 

such as two households in one building footprint which could not be differentiated from the Google 

Earth analysis and it was counted as one. Based on the above, it was found that the 230 numbers of 

building suggested by Nicholas Gubbins is acceptable. Therefore, this number was used for further 

extrapolations of survey information. 

Zone Physical Name of the Zone Number of Properties 

Zone 1  Central Durness 55 

Zone 2 Craft Village  22 

Zone 3 Sangomore 38 

Zone 4 Leirinmore 45 

Zone 5 Rispond 3 

Zone 6 Laid 24 

Total 187 

Table 1. Survey Zones containing number of properties 

In this survey, a group of 14 students have participated as interviewers forming 7 sub-groups. During 

the survey period, a total of 172 properties were approached by the interviewers in all 7 survey zones. 

Nevertheless, among them only 34% approaches were successful to conduct interview while 17% of 

the people refused to participate to the interview and 48% household found empty during the survey 

(see Figure 1). 

 

Figure 1. Status interview response 

34%

17%

48%

Status of interview response

Successful Interviews

Not Interested

No people found in the house
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Among successful interviews, 58% response received from residential property and rest of them were 

from commercial and semi-commercial entities. Semi-commercial entity includes, bed and breakfast 

which are shared with a residential property (see Figure 2).     

 

Figure 2. Type of surveyed property by purpose of the building 

Zone-wise distribution shows (Figure 3), from Central Durness and Craft Village, the rate of 

participation to the interviews were much higher in comparison to other 4 Zones, and the figures are 

42% and 24% respectively and there was no interview conducted from Rispond Zone.  

 

Figure 3. Zone-wise distribution of respondents 
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3.2 Survey Findings 

3.2.1 Population  

A total number of 88 persons of different age groups have been identified in 34 household and 14 

semi-commercial property interviews. The distribution of the population is as follows.  

 

 

Figure 5 shows that majority of the population belong to working age, accounting 56% of total. While, 

a significant portion of the chart is occupied by the people who are above 60 years. However, the data 

has been compared with Scottish neighbourhood statistics for the population of data zone S01003990 

which represents Durness. The data zone information (Figure 4) shows nearly the similar percentage 

for the people of working age and who belong the age group over 60 years. Nevertheless, the 

percentage of young population is underrepresented in surveyed data compared to the information 

of data zone.  

3.2.2 Housing stock 

3.2.2.1 Age of the property 

Among 59 surveyed properties, those built after 1982 are the dominant accounting 39% of total. On 

the other hand, there are considerable numbers of properties which are more than 100 years old (see 

Figure 7). However, to get an overall picture of the ages of the properties a visual inspection was also 

conducted on 10th of March 2017 and the observation is illustrated in the graph below (Figure 6). 
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34%

Age of the population in Durness 
according to  data zone S01003990 in 

2014 (total: 494)
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9%

32%

24%

35%

Age of the occupants in households (total: 
88)

Age 0-19 Age 20-45 Age 46-60 Age >60

Figure 4. Population according to SNS data zone Figure 5. Population at interviewed households 
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3.2.2.2 Building area 

During interview, 28 respondents could not provide information on the size of their building area.  

Therefore, an aerial photo based analysis has also been conducted by drawing polygons on the 

buildings using GIS software to determine the building footprint area. Applying a correction factor to 

account for areas occupied by walls and roof forms as well as information on the number of storeys 

from visual inspection the total floor areas were estimated. Analysing the results of both the 

methodologies, it has been found that the area of the residential buildings varies from 45m2 to 558m2. 

The footprint area of the buildings also includes extensions of the properties, as 15 out of 59 

respondents said that they have extended their property area from the original size in different years. 

The aggregated total of the all building footprint area found approximately 32,500m2. 

3.2.2.3 Type of buildings 

Three categories of building types have been identified from the survey and visual inspection, which 

are, detached, semi-detached, and terraced. Among these categories, 76% of buildings are identified 

as detached while, semi-detached and terraced make up 20% and 4% respectively. In addition, in 

terms of property ownership, 45 out of 59 respondents have replied that the property is owned by 

them, while other replied that they rented.  

3.2.2.4 Retrofits 

To find energy efficiency measures in buildings, respondents were asked about retrofits related to 

energy efficiency in their building in the past 15 years. From respondents replies, 56% of the buildings 

have been retrofitted to improve energy performance. These retrofits have been performed to 

16%

19%

25%

17%

24%

Age of the property based on visual 
inspection

Before 1919 1919-1944 1945-1964

1965-1982 after 1982

17%

7%

22%

15%

39%

Age of the interviewd properties

Before 1919 1919-1944

1945-1964 1965-1982

after 1982

Figure 6. Age of the properties based on visual inspection Figure 7. Age of interviewed property 
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improve insulation (e.g. roof, wall, floor, window, and door) and heating systems of the buildings. 17 

out of 33 respondents mentioned single retrofits while other said they had performed multiple 

retrofits.            

Respondents were also asked about their future retrofit plans for building energy efficiency 

improvement. As a reply to this question, 12 respondents, who had already performed retrofit(s) in 

the past 15 years, shared their further plan for additional retrofits. On the other hand, 14 respondents, 

who had not implemented any retrofits in the past 15 years, were found to be not interested in any 

future retrofit.  

 

Figure 8. Retrofits information within past 15 years 

 

Figure 9. Future plan for retrofit 
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3.2.3 Heating technologies in buildings  

Questions related to energy consumption were dominant in the questionnaire of this study. The 

questions were predominantly asked to study the status of space and water heating technology at 

user end and expenditure on energy.  

3.2.3.1 Space heating 

Survey findings show that the following technologies (see Figure 10) are being used for space heating 

in Durness: 

 

Figure 10. Zone-wise heating technology in Durness 

Among these technologies, oil-fired and solid fuel heating systems appeared in a higher number during 

the interview and some households use more than one heating system. Therefore, to find the primary 

and secondary heating system among these technologies, further analysis has been done based on 

the responses of interviewees. From the analysis, it has been found that, out of 59, 37 buildings rely 

on a single heating system while 19 buildings use double heating systems and one respondent does 

not use any heating system (see Figure 11). Furthermore, among all the respondents, 28 buildings use 

central heating system (gas-fired, oil fired and electric boiler heating systems), where oil fired central 

heating system were found in a higher number than other technologies. These central heating systems 

also serve the purpose of water heating in respective buildings (see Figure 12).   
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Figure 11. Building--wise number of heating system 

 
Figure 12. Water heating technology 

3.2.3.2 Expenditure on heat energy 

To find the demand of energy, especially heat demand, interviewees were asked about their energy 

consumption in the form of electricity either in energy units (kWh/month) or in terms of expenditure 

(£/month). 8 respondents out of 59 did not provide this information. Furthermore, information on 

heating fuels, other than electricity, has been collected during the interview. The findings are 

discussed in detail in the Heating Chapter.    

3.2.3.3 Heating system satisfaction level 

A question was placed in the questionnaire to gather information on overall satisfaction level with the 

heating system at the property. Figure 13 shows, 68% of the respondents are in the sector of 

satisfaction including 22% very satisfied, while 19% are dissatisfied with their heating system used at 

home including 7% very dissatisfied interviewees. However, 12% of the respondent could not rate 

their heating system in terms of satisfaction. Among 59 respondents, 2 respondents did not provide 

any satisfaction information as they do not use heating system in their working premises.    
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3.2.4 Acceptance of renewable energy technology 

This study is aimed to analyse the feasibility of a community owned renewable energy system. 

Therefore, by placing some Likert questions in the questionnaire, the respondents were asked for their 

opinion on implementation of wind and hydro projects, possibility of becoming customer of the 

scheme, and possibility of becoming an investor of the project as shareholder. Further, they were also 

ŀǎƪŜŘ ŦƻǊ ǘƘŜ ǊŜǇƭƛŎŀǘƛƻƴ ƻŦ ŀ ǇǊƻƧŜŎǘ ƪƴƻǿƴ ŀǎ άLǎƭŜ ƻŦ aǳƭƭ tǊƻƧŜŎǘέ ƛƴ 5ǳǊƴŜǎs (the model is attached 

in Appendix B). The Figure 14 below summarizes the opinion of the respondents. To summarize a 

significant majority of respondents are in favour of community owned renewable energy systems. In 

case of installing a wind turbine near Loch Meadaidh 7% of the respondents strongly disagreed. To 

ǘƘŜ ǉǳŜǎǘƛƻƴ ά²ƻǳƭŘ ȅƻǳ ƭƛƪŜ ǘƻ ōŜŎƻƳŜ ŀ ǎƘŀǊŜƘƻƭŘŜǊ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΚέΣ нп҈ ƻŦ ǘƘe respondents chose 

ǘƻ ŀƴǎǿŜǊ ŀǎ άL ŘƻƴΩǘ ƪƴƻǿέ ŀƴŘ мп҈ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ŘƛŘ ƴƻǘ ŀƎǊŜŜΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ н҈ ƻŦ 

strong disagreement.          

22%
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12%
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Level of satisfaction on heating system
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Dissatisfied
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Figure 13. Heating system satisfaction level 
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Figure 14. Reply of respondents on Likert questions 

3.2.5 Additional Comments 

Apart from structured questions, interviewees were requested to make an open comment on the topic 

of the questionnaire. Out of 59, 10 interviewees made comments expressing their views on the topic 

of the questionnaire. These comments can be summarized as bellow.  

Interviewees expressed their supportive opinion to cooperate in the study project in different ways. 

Some interviewees are found as supportive to renewable energy project especially the approach of 

this study project.  However, a positive study result might strengthen the support of these people to 

become an active part of the project. On the other hand, strong disagreement and doubt have also 

found from 2 respondents for implementation of renewable energy system Durness.  

Interviewees have also made suggestions through their comments to include topics in the study such 

as solar thermal for water heating, choosing the old school (58°34'02.99" N, 4°46'04.76" W) water 

stream for the feasibility of a micro-hydro scheme, and the improvement of building insulation 

through community support. Further, it has also come out from the comments that implementation 

of wind project at Loch Meadaidh may be a divisive issue in the community which shows a link to the 
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7% strong disagreement of the related Likert question. However, though these suggestions are 

valuable but these were not considered to include in the scope of this study which was defined earlier.       

  

4 Energy Demand Assessment 

4.1 Methodology and Data Collection 

To calculate the current heat demand for Durness, various methodologies have been adopted so that 

the approximate value of demand can be obtained. The following three methods were used. 

1. A model-based approach combining behaviour, occupancy and building types from the 

heating Demand Profile Generator developed by ESRU, Strathclyde University. 

2. Heating demand estimation based on the baseline of Scottish House Condition Survey, 

combined with area calculation using geographical information. 

3. A conversion of fuel to heat consumption, derived from the questionnaire extrapolated 

to the community. 

The Heating Demand Profile Generator and fuel consumption method consider user behaviour (for 

example occupancy and fuel usage). While Scottish Housing Condition Survey baseline is an estimate 

of the theoretical heat demand of the building shell. Both methods of heating demand estimation 

were based on area calculation of every property using a Geographical Information System (GIS) and 

aerial photographs. In addition, the Scottish heat map (http://heatmap.scotland.gov.uk/) was used 

for comparison purposes as it is a generic and authoritative tool. 

4.1.1 Heating demand profile generator (Strathclyde model) 

One of the methods used to estimate the heat demand for Durness is by using a Microsoft Excel® 

ƳƻŘŜƭ ŎŀƭƭŜŘ άIŜŀǘ 5ŜƳŀƴŘ tǊƻŦƛƭŜ DŜƴŜǊŀǘƻǊέ ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ǘǊŀǘƘŎƭȅŘŜ (ESRU, 2007) and 

the data collected from the surveyed properties (the interfaces of the model can be found in Appendix 

C). The model considers demographic information of the population to generate an occupancy 

pattern, and the main characteristics of the properties such as type, construction period and size to 

estimate a heat demand. Based on the above, it generates an hourly heat demand profile for each 

season. A flow diagram of the model can be seen in Figure 15. 
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Figure 15. Flow diagram of the "Heating Demand Profile Generator" 

To estimate the average occupancy pattern for Durness,  demographic information obtained from the 

survey and the occupancy type definition from the Strathclyde model was used. 50 interviews 

provided useful information about the number of persons in the property and their ages. Based on 

those results, the classification shown in Table 2 was made.  

Type of household 
Percentage 

Share 
No. of 

household 

Single adult 22% 11 

Single Pensioner Adult  18% 9 

Two adults 20% 10 

Two adults with children 10% 5 

Two pensioners 20% 10 

Two adults and at least 1 pensioner 8% 4 

Three adults 2% 1 

Total  100% 50 
Table 2: Demographic distribution of Durness population based on survey information (ESRU, 2007) 

Afterwards, based on the classification from Table 2, three different Occupancy Types were defined 

according to the Strathclyde model. See Figure 16. hŎŎǳǇŀƴŎȅ ¢ȅǇŜ м ŎƻƳǇǊƛǎŜǎ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ άTwo 

ŀŘǳƭǘǎ ǿƛǘƘ ŎƘƛƭŘǊŜƴέΣ ά¢ǿƻ ŀŘǳƭǘǎ ŀƴŘ ŀǘ ƭŜŀǎǘ м ǇŜƴǎƛƻƴŜǊέ ŀƴŘ ά¢ƘǊŜŜ ŀŘǳƭǘǎέΦ These reflect the 

consumption of a property which is unoccupied between 09:00 and 13:00.  Occupancy Type 2 
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compriǎŜǎ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ άǎƛƴƎƭŜ ŀŘǳƭǘέ ŀƴŘ άǘǿƻ ŀŘǳƭǘǎέΣ ǿƘƛŎƘ represent a property which is 

unoccupied between 09:00 and 18:00. Lastly, hŎŎǳǇŀƴŎȅ ¢ȅǇŜ о ŎƻƳǇǊƛǎŜǎ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ άSingle 

tŜƴǎƛƻƴŜǊ !Řǳƭǘέ ŀƴŘ ά¢ǿƻ ǇŜƴǎƛƻƴŜǊǎέΣ ǿƘƛŎƘ represent a property occupied the whole day.  Based 

on the above, the average occupancy pattern for Durness was obtained.  

 

Figure 16: Type of occupancy (ESRU, 2007) 

After that, the main characteristics of the properties such as type, construction period and number of 

rooms were entered in the Strathclyde model to estimate the heat demand in Durness. This 

information was obtained using 53 out of the 59 surveys performed. The remaining six surveys 

corresponded to commercial or public properties, which were not suitable for the model. Based on 

this, it was found that 73% of the properties were detached, 23% semi-detached and 4% of terrace 

type. No mid flats or top/ground flats were identified in Durness.  

In terms of construction period, four categories were available in the model. The first category was 

ά±ƛŎǘƻǊƛŀƴέΦ !ƭǘƘƻǳƎƘ ƴƻƴŜ ƻŦ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƛƴ 5ǳǊƴŜǎǎ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ Victorian, properties 

constructed before 1945 were modelled as such, due to the high infiltration and low insulation values. 

Therefore, ŎŀǘŜƎƻǊƛŜǎ άtǊŜ-мфмфέ ŀƴŘ άмфмф-мфппέ ŦǊƻƳ ǘƘŜ ǎǳǊǾŜȅΣ ǿŜǊŜ ƳƻŘŜƭƭŜŘ ŀǎ ά±ƛŎǘƻǊƛŀƴέΦ 

¢ƘŜ ǎŜŎƻƴŘ ŎŀǘŜƎƻǊȅ ƛƴ ǘƘŜ ƳƻŘŜƭ ǿŀǎ άмфпр-мфупέΣ ǿƘƛŎƘ ŎƻƳǇǊƛǎŜǎ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ άмфпр-мфспέ ŀƴŘ 

άм965-мфунέ ŦǊƻƳ ǘƘŜ ǎǳǊǾŜȅΦ /ŀǘŜƎƻǊȅ άмфуп-19фтέ ŦǊƻƳ ǘƘŜ ƳƻŘŜƭ ǿŀǎ ƴƻǘ ǳǎŜŘ because the 

ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ƛƴ ǘƘŜ ǎǳǊǾŜȅ ǿŀǎ άǇƻǎǘ-мфунέΣ ŀƴŘ ǘƘŀǘ ŎŀǘŜƎƻǊȅ ǿŀǎ ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ǇŜǊƛƻŘ άмффу-

нллнέ ƛƴ ǘƘŜ ƳƻŘŜƭ which also fits. The properties which were constructed after 2002, were also 

ƳƻŘŜƭƭŜŘ ƛƴ ǘƘŜ ǇŜǊƛƻŘ άмффу-нллнέΦ wŜŦŜǊ ǘƻ Appendix C for more details.   

CƻǊ ǘƘŜ ǇŀǊŀƳŜǘŜǊ άǎƛȊŜ ƻŦ ǊƻƻƳέΣ properties ŦǊƻƳ ǘƘŜ ǇŜǊƛƻŘǎ ά±ƛŎǘƻǊƛŀƴέ ŀƴŘ άάмфпр-мфспέ ǿŜǊŜ 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŎƻƳǇŀŎǘέΣ ŀƴŘ pǊƻǇŜǊǘƛŜǎ ŦǊƻƳ ǘƘŜ ǇŜǊƛƻŘ άмффу-нллнέ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŀǾŜǊŀƎŜέΦ CƻǊ 
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ǘƘŜ ǇŀǊŀƳŜǘŜǊ άŎŜƛƭƛƴƎ ƘŜƛƎƘǘέΣ ŀƭƭ ǇǊƻǇŜǊǘƛŜǎ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƴƻǊƳŀƭέΦ Lƴ ǘŜǊƳǎ ƻŦ άƴǳƳōŜǊ ƻŦ 

bedrƻƻƳǎέΣ ŀƭƭ ōŜŘǊƻƻƳǎ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ŘƻǳōƭŜΦ hŦŦƛŎŜǎ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ƪƛǘŎƘŜƴǎ ƛƴ ǘƘŜ 

properties were also modelled as double bedrooms. Refer to Appendix C for more detail. Afterwards, 

the number of houses of each kind (combination of type, age of construction and number of 

bedrooms) were entered in the model to obtain the hourly heat demand profile per season for 

Durness. (Refer to Appendix B to see the covered area). 

The heat demand estimation for Craft Village and Central Durness was performed using the same 

methodology (refer to Appendix B to see the corresponding covered areas). The hourly demand profile 

per season based on the occupancy type, was assumed to be the same than in the previous case. For 

the building characteristics in Craft Village, the information from 11 surveys was extrapolated to the 

22 properties existing in that area. For Central Durness, information from 25 surveys were used and 

extrapolated to 55 properties. It is important to highlight that in Craft Village, buildings have flat roofs 

and therefore have lower total building area per footprint area, and as former military barracks they 

belong to different type of buildings all together.  

Additionally, each type of property (combination of type and year of construction) was entered 

individually in the model to estimate its energy intensity (kWh/m2/year). To achieve this, the daily 

demand obtained from the hourly profile was multiplied by the number of days of each season. 

Afterwards, the total yearly demand of the property was divided by its area. Refer to Appendix C, to 

see the area of rooms assumed in the model. 

4.1.2 Hourly profile generation based of heating degree days and Strathclyde model 

In the Strathclyde Model, the hourly demand obtained is the same for every day within a season, 

which does not represent reality. Therefore, heating degree days (HDD) have been introduced to the 

seasonal demand. Thus, a daily demand profile incorporating within season variation was obtained 

for Durness. The HDD data has been collected from the website www.degreedays.net which collects 

information from the station located in Aultbea (5.63W, 57.86N), 100km southwest from Durness. The 

collected information corresponds to the year 2015 and considers a base temperature of 15.5̄C. This 

information was later transformed to per unit by dividing each daily value by the total HDD of the 

season. Thereafter, per unit values were multiplied by 80% of the demand obtained from the 

Strathclyde model to obtain the daily space heat demand profile, based on the assumption that 80% 

of the demand corresponds to space heating and 20% to water heating.   

Similarly, the hourly heat demand per season obtain in the Strathclyde model was transformed to per 

unit, by dividing the demand of each hour by the total demand of the day. Then, this per unit values 

were multiplied by the daily space heat demand profile obtained previously. Additionally, the 20% of 
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the total demand obtained from the Strathclyde model (assumed for water heating) was multiplied 

by the hourly per unit values. This allowed to obtain a constant daily demand of water heating 

throughout the year, but including variations within the day. Finally, the space and water demand 

were added together to obtain the total heat hourly heat profile for the year 2015.  

4.1.3 Heating demand estimation based on Scottish House Condition Survey and an area 

calculation using aerial photographs  

In this method, the heating demand was estimated by using specific heat demand values 

(kWh/m2/year) and mapping the area in a Geographical Information System (GIS). The software ArcGIS 

10.3 was used. The idea was to assess the building footprint area of every household to calculate their 

heating energy requirement using specific heat demand values per square meter per year. First, a 

satellite image was imported to see every building in Durness (Source: Esri, DigitalGlobe, GeoEye, 

Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, 

and the GIS User Community) and next a polygon was drawn on each one to calculate their area. 

Empty and non-heated houses were excluded. In the meantime, with the help of Google Street View, 

the number of storeys and the type of property (detached, semi-detached or terrace) of those that 

were not interviewed were defined. 

After drawing polygons on the satellite image, one team travelled around Durness to estimate the 

year of construction of the buildings that were not interviewed through a visual inspection, 

complemented by a visual estimation on Google Street View. These methods were also used to 

determine whether the purpose of the properties (those that were not interviewed) is residential, 

holiday houses (including bed & breakfast and home rental) or commercial (including institutions and 

organizations). Also, the contribution of Neil and Sarah Fuller (directors of the Durness Development 

Group) was important to cross check that the assumptions of the number of properties belonging to 

each category were accurate. 

Construction year, type and purpose of the property were coded with numbers to make further 

analysis easier. In Figure 17, an image of the model can be seen that has been created in ArcGIS 

showing the polygons and the attribute table generated including all the features important for this 

research (zone, number of storeys, construction year, area, type and purpose of the property). 
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Figure 17: Polygons and attribute table generated with ArcGIS 

A total of 187 polygons were drawn and classified. A summary of type and purpose of the property 

can be seen in following tables (Table 3 and Table 4). For summary on construction year of the 

ǇǊƻǇŜǊǘƛŜǎΣ ǊŜŦŜǊ ǘƻ ǘƘŜ ŎƘŀǇǘŜǊ оΣ άQuestionnaire Resultsέ of the report. 

 

Purpose of the property Number 

Residential 109 

Holiday house 67 

Commercial 11 

Table 4: Number of properties according to their purpose 

Table 5 shows the sum of the areas of properties that were classified as residential, according to their 

type and construction year.  

 

 

Type of property Number 

Detached 158 

Semi-detached 25 

Terrace 4 

Table 3: Number of properties according to their type 
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 Total Area (m2) 

Type of Property Pre 1919 1919-1944 1945-1964 1965-1982 Post 1983 Total 

Detached 1924 3600 5340 2234 1296 14394 

Semi-detached 423 382 787 1083 614 3289 

Terrace 0 0 404 399 0 803 

Total 2346 3982 6531 3716 1910 18486 

Table 5: Total area of residential properties calculated in ArcGIS per type and year of construction 

Two different calculations to estimate the annual heat energy demand of residential properties were 

made using the total footprint area obtained in the GIS model. The first was based on the figures 

obtained in thŜ ά{ŎƻǘǘƛǎƘ IƻǳǎŜ /ƻƴŘƛǘƛƻƴ {ǳǊǾŜȅέ ƳŀŘŜ ōȅ ǘƘŜ {ŎƻǘǘƛǎƘ DƻǾŜǊƴƳŜƴǘ ƛƴ нлмлΣ ǿƘƛŎƘ 

estimates the heat demand of households per square meter depending on their year of construction 

and type of property (see Table 6). The second was based on the values of heat energy consumption 

per square meter obtained from the Strathclyde model, which also depends on year of construction 

and type of property (see Table 7). For the second model the values of heat demand intensity of 

terrace-type properties for the periods pre-1919, 1919-1944 and post 1983 were not calculated 

because no properties of this type for this periods were found in Durness. 

4.1.4 Fuel consumption method  

This method of heat demand estimation is entirely based on the results from the conducted surveys. 

Though the information provided by the interviewed buildings was limited and incomplete in many 

aspects, however the annual heat demand for Durness has been computed after making informed 

estimates. Firstly, the heat energy cost (see Table 8) for different heating fuels used has been deduced 

on the basis of several factors such as standard rates of fuels in Durness (information collected while 

interviewing), average net calorific values of fuels (Department of Business, Energy & Industrial 

Strategy, 2015), and the system technological efficiency for the heating fuels (assuming 70% for liquid 

& gaseous fuels, 50% for solid fuels, and 100% for electrical heating). Using this information, a 

conversion of fuel consumption to heat consumption (or met heat demand) has been derived. The 

results obtained from the 59 surveys have then been extrapolated to the total community of Durness 

comprising 230 buildings. 

The main source of data for this method of heat demand estimation are the questionnaires which are 

filled by the households of DurƴŜǎǎΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘǎΩ ƳƻƴǘƘƭȅ ŎƻƴǎǳƳŜŘ ŦǳŜƭ 

quantities and their respective expenses have been analysed from the surveys too. The heating fuels 

being used by the households of Durness are mainly LPG delivered to home tanks, oil, coal, wood, 

butane cylinders, and peat. The quantities as well as the expenses on peat have not been provided by 
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the households, using peat as a heating fuel, because of its free availability. Thus, for the calculations, 

heat consumption through peat has been assumed to be zero. In addition to above, many households 

also use electricity for heating (both space and water) in one or other form of various electrical heating 

technologies that has been already described in chapter 3. The fuels mentioned above are always used 

in conjunction with each other, except in a handful of cases.  

Presently, the standard electricity tariff rate for Durness is 18.64 pence per kWh (SSE(SSE Energy 

Supply Limited), 2017). Furthermore, while analysing the survey results, it has been noticed that few 

households (that use the electrical storage heating technology) make use of another sub-meter called 

ŀǎ ά²ƘƛǘŜ aŜǘŜǊέΣ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŀƎŜ ŀǘ ƻŦŦ-peak hours. ThŜ ά9ŎƻƴƻƳȅ тέ ǘŀǊƛŦŦ ǊŀǘŜ 

has been taken as 9.81 pence per kWh (learned from one of the interviewees). 

4.2 Heat Demand in Buildings 

4.2.1 Heating demand profile generator (Strathclyde model) 

According to the methodology described previously, an average hourly profile curve for each season 

was obtained using the Strathclyde model. (See Figure 18). (The definition of the seasons can be found 

in Appendix C). In the graph, can be seen that in every season there is a peak in the demand around 

8:30am. That peak corresponds to the increase in the space heating when people wake up and get 

ready to leave the house. Additionally, this includes a peak in water heating demand required for 

showering. In the evening, around 7:30pm, a smaller peak can be evidenced. This correspond to the 

increase in space heating required when people arrive home after work.  

From other perspective, it was found that for winter, the heat demand is high in the period from 

10:30am to 17:30pm. An explanation for this, is that according to the demographic analysis, 38% of 

the properties follow an occupancy pattern type 3. This means that the property is occupied the whole 

day and therefore space heating is constantly required.  

 

Based on this method, the annual demand for Durness was found to be 3.34GWh/year. Similar graphs 

were obtained for the areas of Central Durness and Craft Village. In that case the annual demand was 

found to be 875MWh/year and 290MWh/year respectively. (Refer to Appendix C for the detailed 

information). 
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Figure 18. Hourly demand per season from Strathclyde model 

4.2.2 Hourly profile generation based of heating degree days and Strathclyde model 

The daily heat demand based on the HDD profile of 2015 is shown in Figure 19. In it, it can be evidenced 

that the maximum heat demand requirement is in December and January, while the minimum is in 

July and August. Additionally, during winter the variability of the heat demand is greater than in 

summer.  

 

Figure 19. Daily demand based on HDD 

The hourly heat demand for Durness can be seen in Figure 20. In the graph, it can be evidenced that 

it follows a similar pattern as that in the daily profile, with the difference in the minimum levels. The 

reason is that the hourly profile includes the water demand that is constant throughout the year. 

While, the daily demand with the degree days only considers space heating. Therefore, for the case of 

a warm summer days, the daily demand is low because no space heating is required, but in the hourly 

profile, the demand will be higher since water heating is still required. 
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Figure 20: Hourly heat demand for Durness 

Refer to Appendix C for the hourly heat demand graphs for Central Durness and Craft Village.  

 

4.2.3 Scottish House Condition Survey baseline and energy intensities from Strathclyde 

model 

As mentioned in chapter 1.1.1, heat demand intensities from the Scottish House Condition Survey 

(Table 6) and the Strathclyde model (Table 7) were used in combination with the areas calculated in 

the GIS model (Table 5) to obtain the total annual heat energy demand.  

 Heat Demand Intensities (kWh/m 2/year) 

Type of Property Pre-1919 1919-1944 1945-1964 1965-1982 Post 1983 

Detached 594 627 505 404 276 

Semi-detached 456 350 305 249 181 

Terrace 349 251 249 204 149 

Table 6: Heat energy predictions for different types and ages of property (Scottish Government, 2010) 

 Heat Demand Intensities (kWh/m 2/year) 

Type of Property Pre-1919 1919-1944 1945-1964 1965-1982 Post 1983 

Detached 336 336 195 195 139 

Semi-detached 336 336 251 251 135 

Terrace   161 161  

Table 7: Heat energy predictions for different types and ages of property (ESRU, 2007) 

0

200

400

600

800

1000

1200

1400

1600

1
2

4
5

4
8

9
7

3
3

9
7

7
1

2
2

1
1

4
6

5
1

7
0

9
1

9
5

3
2

1
9

7
2

4
4

1
2

6
8

5
2

9
2

9
3

1
7

3
3

4
1

7
3

6
6

1
3

9
0

5
4

1
4

9
4

3
9

3
4

6
3

7
4

8
8

1
5

1
2

5
5

3
6

9
5

6
1

3
5

8
5

7
6

1
0

1
6

3
4

5
6

5
8

9
6

8
3

3
7

0
7

7
7

3
2

1
7

5
6

5
7

8
0

9
8

0
5

3
8

2
9

7
8

5
4

1

D
e

m
a

n
d

 (
k
W

h
)

Durness hourly Demand (kWh)



37 
 

Looking at Table 6 and Table 7, it can be clearly seen that the heat demand intensities according to 

the Scottish Government are always higher than the Strathclyde model values, except for semi-

detached properties built during the period 1965-1982, which value is slightly higher for the second 

method. For detached properties, the difference in heat demand intensities is very high in every 

period, ranging from 76% to 158% higher for the first method. For semi-detached properties, the 

difference ranges from 4% to 35%, while for terrace properties the difference ranges from 26% to 

54%.  

The total heat energy demand per year of properties considered as residential using the first method 

of calculation is 7.32 GWh. According to the second method, the total heat energy demand per year 

of residential properties is 3.68 GWh. 

4.2.4 Fuel consumption method 

After making suitable assumptions (described in the methodology section) while calculating 

everything, the estimated annual fuel consumption for the Durness (refer to Appendix B to see the 

area covered) turns out to be 8726.44 MWh. Generally, 80% of the total energy use of a household in 

UK is primarily for heating purposes (62% for space heating and 18% for water heating), hence the 

annual heat consumption (or met heat demand) for Durness has been reckoned to be 5352.52 MWh 

(5.35 GWh) (Jason Palmer, 2013, pp. 35-36). The fuel-wise distribution of the heat consumption as 

well as their respective expenditure has been briefed in Table 8. 

Energy 
Source 
(Fuel) 

Annual Fuel 
Consumption 

(MWh) 

Fuel Cost 
(Pence/kWh) 

Share of 
Heating 

(%) 

Annual Heat 
Consumption 

(MWh) 

Annual 
Expenditure 

(£) 

Heat Energy Cost 
(Pence/kWh) 

LPG 780.01 4.76 100% 546.01  £ 37,135  6.80 

Oil 4358.96 3.89 100% 3051.27  £ 169,439  5.55 

Coal 895.48 4.28 100% 447.74  £ 38,317  8.56 

Wood 147.06 11.02 100% 102.94  £ 22,680  22.03 

Butane 7.46 18.81 100% 5.22  £ 1,403  26.86 

Electricity 2537.47 

18.64 for normal 
std. meter 

47% 1199.34  £ 209,079  

18.64 for normal 
std. meter 

9.81 for white 
meter 

9.81 for white 
meter 

Total 8726.44     5352.52  £ 478,054    
Table 8: Fuel-wise distribution for annual heat consumption and their expenditure 

The drawback of this methodology of determining the final heat demand is that it only provides the 

final value, but not the hourly or daily profiles for the heating load. Therefore, the above used methods 

άIŜŀǘƛƴƎ 5ŜƎǊŜŜ 5ŀȅǎέ ŀƴŘ άIŜŀǘƛƴƎ 5ŜƳŀƴŘ tǊƻŦƛƭŜ DŜƴŜǊŀǘƻǊ ό{ǘǊŀǘƘŎƭȅŘŜ ƳƻŘŜƭύέ ƘŀǾŜ ōŜŜƴ 

employed. 
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4.2.5 Comparison with Scottish Heat Map 

The use of different methods has resulted in different results, which reflects the uncertainties of 

different approaches. The annual heating demand obtained from different methods can be seen as 

below (Table 9). 

Methods Annual Heating Demand (GWh) 

Heating Demand Profile Estimator 3.34 

Heating Demand Estimation using 
Scottish Household Condition Survey 

7.32 

Fuel Consumption 5.35 

Scottish Heat Map 3.80 (see Appendix D) 
Table 9. Annual demand estimate using different methods 

In general, heat demand from the Scottish heat map provided a baseline for our study. With the use 

of different methods, it can be seen that the demand is varying from 3.34 GWh to 7.32 GWh. All the 

methods that were used have their own advantages and disadvantages. The survey data reflect the 

actual, local behaviour that may be different from the Scottish average. The GIS method gives the 

realistic picture of housing stocks that might not be present in the Scottish heat map. While, in the 

other hand, the Scottish heat map is an authoritative tool. In selecting a method to proceed, following 

criteria were considered: 

1. ¢ƘŜ ǳǎŜǊǎΩ ōŜƘŀǾƛƻǳǊŀƭ ŀǎǇŜŎǘǎ ƛƴ ǘƘŜ ŦƛƴŘƛƴƎǎ ƻŦ ƘƻǳǎŜƘƻƭŘ ǎǳǊǾŜȅ 

2. Local data that is more specific 

3. The value that is closer to the authoritative tool (Scottish heat map) 

Encompassing the above-mentioned criteria, the team decided to build the study on the basis of 

heating demand (3.34 GWh) estimated from Heat Demand Profile Estimator. 

4.3 Energy Demand Estimation for Small Scale Enterprise (Case Study: Microbrewery) 

Before the arrival of the students to Durness, there was a positive plan to install a microbrewery 

complex in Durness. However, after the arrival of students, it has been learned that the same has been 

ǇƻǎǘǇƻƴŜŘ ŘǳŜ ǘƻ ǎƻƳŜ ŎƻƳƳǳƴƛǘȅΩǎ ƛƴǘŜǊƴŀƭ ǊŜŀǎƻƴǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴ ƻǊŘŜǊ ǘƻ ŎƻƴŘǳŎǘ ǘƘŜ ŀƭǊŜŀŘȅ 

planned research, the students proceeded while taking microbrewery project as a case study for small 

scale enterprises in Durness and calculated the energy demand accordingly. 

As per the received sketch plan (Fraser Stewart Architect RIAS RIBA Chartered Architect, 2016), the 

whole microbrewery premises can be divided into two main areas: Residential area and 

Bistro/brewery area (refer Appendix E). The reason of this division is that the standard energy 

consumption requirements of a residential and a commercial area are different according to the 

Scottish building regulations. The residential area would comprise housing mix with semi-detached 
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family houses & bed flats, and the bistro/brewery area would consist of brewery building, bistro with 

68 covers, and other ancillary services like WCs, office, stores, kitchen, etc. Both the areas would be 

physically separated as realised from a sketch plan of the proposed microbrewery complex meant to 

be built in Durness. 

4.3.1 Energy consumption of the residential area 

This area can be divided into two sub-areas according to the type of housing (refer Appendix E): flats 

and semi-detached houses. There would be two semi-detached houses of 100m2 each and four flats 

of 50m2 each. The standard annual energy consumption per square meters is different for both types 

of housing (Department for Communities and Local Government, 2013, pp. 12-13). Therefore, after 

calculating the energy consumption for space heating, auxiliary services, lighting, and district hot 

water (DHW) respectively for both housing types, the total annual energy consumption for the 

residential area has been computed to be 28.6 MWh (15.8+12.8). 

4.3.2 Energy consumption of the bistro/brewery area 

The total gross internal area of the bistro/brewery is 340m2 with bistro alone having an area of 75m2 

(Fraser Stewart Architect RIAS RIBA Chartered Architect, 2016). Generally, bistros are restaurants with 

bar facility; for calculating the annual energy consumption in the bistro (coming out to be 54.75 MWh), 

a typical practice value of 730 kWh/m2/year has been considered (S. A. Hearnshaw, 2011, p. 2). For 

the rest of the area in bistro/brewery (265m2), after considering the standard values of energy 

consumption for non-domestic buildings, the total annual energy consumption has been calculated to 

be 41.08 MWh (David Shearer, 2008, p. 3). 

4.3.3 Electricity consumption in the brewing process 

All installations in the brewing process utilize electricity as their power source (PBC Brewery 

Installations Ltd., 2008). The calculations for electricity consumption in the brewing process have been 

performed in order to get the final annual energy consumption for the whole microbrewery premises. 

Now, the Durness Development Group Ltd. (DDG) is planning to install an 8 barrel brewery, i.e. a 

brewery with a production capacity of 1300 litres per brew. Overall, for a standard 8 barrel brewery 

size, the total electrical load would be around 37 kW (PBC Brewery Installations Ltd., 2008). However, 

the actual electrical load requirements in the brewing process for the microbrewery have been 

calculated as approximately 40 kW depending on the load details extracted from the e-mails exchange 

between PBC Brewery Installations Ltd. and DDG. Now, assuming 50 weeks of beer production per 

ȅŜŀǊ όмолл ƘƭκȅŜŀǊ ǿƛǘƘ н ǿŜŜƪǎ ƻŦŦ ŘǳǊƛƴƎ /ƘǊƛǎǘƳŀǎ ŀƴŘ bŜǿ ¸ŜŀǊ ŀƴŘ ŀ Řŀȅ ƻŦŦ ƻƴ CŜōǊǳŀǊȅΩǎ ƭŀǎǘ 

working day too) with 2 brews per week (Monday and Thursday), the annual energy consumption in 

the brewing process of brewery turns out to be around 50.27 MWh, after considering special daily 
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consumption profile of certain loads. This is 39 kWh/hl and falls in the lower range of the results of a 

research for Danish microbreweries where the electricity consumption was between 22 and 106 

kWh/hl with breweries using electricity for heating at the higher end (Johansen).  

4.3.4 Total annual energy consumption of the microbrewery premises 

After calculating annual energy consumption for both the main areas and brewing process (see Table 

10), the total annual energy consumption of the microbrewery premises reaches 175 MWh, however 

it is computed on the basis of preliminary data and will certainly change as the design matures. 

Area/Process in Microbrewery Premises Annual Energy Consumption (MWh) 

Semi-detached house 15.8 

Flats 12.8 

Bistro/brewery area 95.83 (54.75+41.08) 

Brewing process 50.27 

Total 175 
Table 10: Annual energy consumption for microbrewery premises (MWh) 

For detailed analysis of energy calculation for the whole microbrewery premises, refer to Appendix E. 

4.3.5 Daily demand profile for microbrewery premises 

The total annual space heating, water heating, lighting, and auxiliary demand for the whole 

microbrewery complex has been calculated as 85.87 MWh, 18.72 MWh, 8.80 MWh, and 11.05 MWh 

respectively; considering 62% of the total energy use for space heating, 18% for water heating, 3.1% 

for lighting, and rest for auxiliary loads (Jason Palmer, 2013, pp. 35-37). Now, in order to estimate the 

Řŀƛƭȅ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜ ŦƻǊ ǘƘŜ ŜȄǇŜŎǘŜŘ ƳƛŎǊƻōǊŜǿŜǊȅ ŎƻƳǇƭŜȄ ƛƴ 5ǳǊƴŜǎǎΣ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ΨIŜŀǘƛƴƎ 

5ŜƎǊŜŜ 5ŀȅǎΩ όŀǇǇƭƛŎŀōƭŜ ŦƻǊ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ŘŜƳŀƴŘ ƻƴly) has been applied here as well. Loads other 

than space heating have been distributed uniformly for 365 days, throughout the year. As a result, the 

following graph (shown in Figure 21) is generated which will be utilised to estimate the capacity of 

micro hydro scheme being discussed in the later section of the report. 
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Figure 21. Daily demand for the microbrewery premises in Durness 

4.4 Sensitivity of Future Demand 

Future heat demand should be considered in designing the overall heating system. The forecast of this 

heat demand development is significant for planning over the time horizon and is most important for 

technical and economic consideration ό/Iw!a/h± ϧ ±!y!/I!Σ нлмнύ.  From the obtained hourly 

heat demand curve, the idea is to estimate future load. The average monthly heating load was picked 

for ease of analysis, where the demand was noted to be low in the month of June, July and August.  

Due to lack of historical heat demand data and insufficient information about the population trend 

and EE improvements for Durness, we came up with following three scenarios (see Figure 22). These 

three scenarios are based on the following assumptions. 

4.4.1 Scenario 1: the overall heating demand increases by 20% 

Tourism is the most important industry in Scotland (Visit Scotland, 2013). If we consider that the 

number of tourists will increase in Durness in future, we can assume an increase in economic growth 

in the area. Indeed, the implication of economic development on population growth is not clear (The 

University of Sheffield, 2014). In this scenario, we assume that to increase in economic activities, there 

is a corresponding increase in population growth and therefore, a growth in demand. To simplify 

analysis, a demand increase of 20% in the near future has been considered. This scenario does not 

consider energy efficiency improvement in residential buildings. The annual demand in this case 

becomes 4.0 GWh. 



42 
 

4.4.2 Scenario 2: The overall heating demand decreases by 10% 

From the survey, it was seen that the most people living in Durness were elderly. The younger 

generation may have migrated to the big cities (source: Household survey). This might result in a 

decrease in population in the future. Just like scenario 1, this case does not include energy efficiency 

improvements. However, it differs from scenario 1 in the fact that a decrease in population has been 

assumed. Therefore, heat demand is presumed to decrease by 10 % that gives an annual heating 

demand of 3.0 GWh 

4.4.3 Scenario 3: The overall heating demand remains almost same 

In this scenario, an increase in population followed by the increase in economic development activities 

has been assumed. With increase in population, a significant number of people could be interested in 

implementing energy efficiency measures for heating. For example, businesses in Craft village are 

interested to improve their heating system with the efficient insulation (source: Household survey). 

Therefore, due to energy efficiency improvements in households, overall demand is supposed to 

decrease. It is also assumed that increasing demand due to population growth will cancel out 

decreased demand due to energy efficiency improvements. Thus, the heating demand will remain 

constant, i.e. 3.34 GWh in future.  

 

Figure 22: Different scenario for future demand (own analysis) 
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5 Wind Resource Assessment 

5.1 Wind Project Development Methodology 

In this study, the software WindPRO®3.0 by EMD International (EMD, 2016) has been used to assess 

the wind potential of the proposed sites in Durness. For the wind turbines in the proposed locations 

the wind resources, energy yield, shadow effects and noise factors have been analysed during the 

initial investigations. The analysis in WindPRO® is based on the 10 years purchased EMD mesoscale 

wind data which have been generated with the "Weather Research and Forecasting (WRF)" with small 

spatial resolution and on hourly basis. It includes: 

¶ 10 years of hourly data: from 31 August 2006 to 31 August 2016 (the most updated data from 

EMD) 

¶ The position/coordinates of the data: Longitude: -4.7393620° Latitude: 58.550034° 

The data has been modelled for a position near Loch Meadaidh and has been used to create a wind 

resource map of the area in WindPRO®3.0. Though mesoscale data from EMD is good data source, it 

is strongly recommended that on-site wind resource measurement is conducted for both proposed 

locations (Loch Meadaidh & Craft Village) for at-least one year before the project is implemented. 

 

Loch Meadaidh  

The proposed wind turbines location is near Loch Meadaidh to supply energy to meet Durness 

community heating demand. For this location, 3 different wind turbines have been modelled. Refer to 

Chapter 5.1 for the details of selection criteria. 

  

Craft Village 

Bearing in mind that it could take a long time to realize the proposed project near Loch Meadaidh due 

to the economic and environmental constraints, another option consisting of a small wind turbine at 

Craft Village has been proposed. In the village, a district heating system could be suitable since the 

population density of the area is high.  Moreover, it is possible to supply electricity from a wind turbine 

to the district heating system through a private connection and convert it to heat, which can 

conveniently be stored in an insulated water tank. Also, the results of the survey showed that the 

motivation of the residents in this area was high to have a district heating system powered by 

renewable energy sources. Therefore, small turbines have been considered to supply the heat demand 

of locals living in Craft Village.  

5.2 Site Selection 
In selecting a suitable location for wind turbines installation, the following criteria has been 

considered.   
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¶ Wind Resource  

¶ Distance from residential buildings 

¶ Access to site  

¶ Access to Grid  

¶ Avoidance of key environmental areas  

Wind resource assessment involves analysing the wind regime to estimate and calculate the power 

output of a candidate site. The site should be accessible for ease of construction and away from 

buildings to reduce noise, shadow or flicker and visibility. Grid accessibility is equally important, 

distance to the grid and its capacity should be considered.  

Key environmental areas are also one of the main considerations, as any proposed location for 

installing a wind turbines have some environmental many issue to be considered such as the nature, 

protected zones, birds and many other factors could affect the decision making. More details 

regarding the above-mentioned criteria of the proposed site will be demonstrated further in this 

chapter.   

 

5.3 Wind Resource Assessment  

In this section, the potential wind resources throughout the specified region have been examined to 

define the optimum locations for wind turbines. Basically, the preliminary area identification, area 

wind resource evaluation, and micro-siting of wind turbines will be provided in the following chapters. 

5.3.1 Wind direction  

The turbine must avoid obstacles in the wind direction with the highest energy contribution in order 

to use the turbine effectively. The wind direction with the highest wind speeds and frequencies needs 

to be identified to ensure the highest electricity production. To determine the wind direction and 

distribution, energy rose can be useful (Windustry, 2017). The 10 years purchased EMD mesoscale 

data have been used for the wind-flow modelling in WindPRO®.  Based on this, the parameters such 

as wind direction, frequency distribution and mean wind speeds have been generated. 
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Figure 23: Wind Direction of the EMD Mesoscale Long-term Measured Data (Source: WindPRO®3.0) 

As two different turbines with 25m and 50m hub heights have been used, the wind direction graph at 

these heights has been generated. As it is seen in Figure 23 the predominant wind comes from WSW 

(west south west) direction. Therefore, the turbines should be located on a site that allows good 

access to WSW wind to obtain more energy generation. 

5.3.2 Mean wind speed & frequency distribution  

Wind speed usually fluctuates from time to time and there is a cubic relationship between the wind 

speed and the power of a wind turbine. In other words, the energy generation increases by a factor 

of 8 when the wind speed doubles. Therefore, the mean wind speed is a crucial factor affecting the 

energy production and the cost effectiveness of a wind turbine (Windustry, 2017).  

The wind statistics are generated by using STATGEN in WindPRO® (EMD, 2016). The monthly mean 

wind speed graph which is shown in Figure 24 below has been extracted from the wind data analysis 

of STATGEN module to see the wind variations in a year. As it can be seen from the graph below, the 

mean wind speed at 25m is lower than the mean wind speed at 50m. It is also clear that the mean 

wind speed is comparatively higher in the winter season than it is in the summer season.  
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Figure 24: Annual Mean Wind Speed (WindPRO®3.0) 

Similarly, the wind speed frequency by Weibull distribution graph has been generated which 

represents how frequent a specific wind speed occurs. In this graph, the time during which wind speed 

occurs over a period of one year has been shown. The most prevalent wind speeds are between 6-8 

m/s at 25m height and 7-9 m/s at 50m height. This means that the most commonly occurring wind 

speed is quite high in Durness and this region can be considered as one of the best location for wind 

energy generation. 

  

Figure 25: Weibull Distribution (Source WindPRO®3.0) 

5.3.3 Wind resource map  

A wind resource map is a way to show the wind resources available in the proposed project areas. By 

using the EMD mesoscale data the Wind Resource Map has been generated to show the wind speed 

distribution around both proposed project sites (Loch Meadaidh & Craft Village). In creating Wind 

Resource Map, the WindPRO model has considered the roughness and obstacles. Figure 26 shows a 

wind resource map for Loch Meadaidh site.   
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Figure 26. Wind Resource Map 

5.4 Turbine Selection 

The Scottish wind turbine market was studied by considering turbines in terms of a size (between 

60kW and 100 kW for Craft Village, and between 500kW and 1 MW for Loch Meadaidh) and market 

availability. Due to the high mean wind speed and extreme weather conditions in Scottish Highlands, 

a turbine of Class I or Class S of International Electrotechnical Commission (IEC) Turbine classification2,  

that can withstand extreme weather conditions, is required. Refer to Table 11 for the pre-assessment 

of turbines available on the world and UK market.  

EWT offers 500kW - 900kW turbines, which are not Class I. Siemens, Vestas, GOLDWIND (VENSUS) 

and GE have no turbines smaller than 1.5 MW. The smallest and available turbine of Class I and Class 

S suitable for Loch Meadaidh site are ENERCON E53 800kW and E44 900kW turbines. 

A Windflow 33/500 turbine was also considered. It is a 2-bladed Class IA turbine with a rotor diameter 

of 33.2 meters.  (WINDFLOW UK, 2017). Also, the second-hand market was studied for a possibility of 

installing a turbine of about 500Kw in Durness. Scotland has experience of refurbished turbines 

installation with the companies specialized on maintenance and service support, some of them 

particularly offering services for Vestas or Vestas-derived turbine brands. (Realise Energy Services, 

2017) . Vestas V39 500kW refurbished turbine is available on the second-hand market. It is a bigger 

                                                            
2 According to International Electrotechnical Commission (IEC) Turbine classification Wind Class I and Class II 
turbines are designed to work in the tough operating conditions with average wind speeds above and above 7.7 
m/s and 8.5 m/s respectively. The S class is for user defined designed turbines. (Renewables First, 2017) 




































































































































































