AFFORDABLE HEATINGRDM WIND AND HYDRO
RESOURCES IN DURNESS

An Assessment of a Community Owned Project

Final Report
International Class(February-March 2017)

M. Eng. Programme
Energy and Environmental Managemenin Developing Countries
March 239 2017

’ Europa-Universitat
=

Flensburg



The report has been prepared by:

Adewale Adesanya
Amrit Dhakal

Eileen Thompson
Elif Kaymakci
Hernan Felipe Torres
Himanshu Bansal
Jaime Luis Mercado
Japheth Omari
Juan Manuel Diaz
Lawrence Oduor
Madina Mukhanova
Mohamed Sherby
Mominul Hasan
Riasad Amin
Tabitha Karanja

DI I I D D D D D D B D D D

Under the supervision of

A Prof. Dr. Bernd Méller
A Dipl.-Ing. Wulf Christian Boie
A Dipl.-Soz. Dorsi Doi Germann

Disclaimer:

Although the contents were reviewed several times before being part of this report, the accuracy of
the results cannot be guaranteed. The University of Flensburg as well as the authors of the present
documenthave no legal responsibility in case of any errors, omissions or misleading statements.
Therefore, we recommend that expert opinion of the relevant topics should be sought after before
using any data presented in this report.

The cover picture: Authors



Acknowledgment

With this note of acknowledgment, we want to express aeartfelt gratitude to alindividuals and
organizations that made this research possible. Without the help and assistance of Durness
Development Group and Community Energy Scotlanid, study could not have been successfully

done.

Special thanks go to the directors of Durness Development Group, Neil and Sarah Fuller, for their
contribution and support towards our work during the time of the project, and to Nicholas Gubbins

from Commuity Energy Scotland for providing us key information required for this study.

The research team is very grateful to our supervisors from the University of Flensburg, Prof. Dr. Bernd
Moller, Dipl-Ing. Wulf Boie and Diptoz. Dorsi Germann for their aeamic guidance, support and

patience before and during the study.

We also recognize and thanks the Deutscher Akademischer Austausch Dienst (DAAD, German
Academic Exchange Service), for their financial support which allowed us to do this International Class
2017.



Table of Contents

o3 L0111V [T [ [ = o P I
IS Ao B T [N = S PPPPPPPPPRSRRRRPRRIR Y/
LISt Of TABIES ... e e e e e e e e e n e e e e e e aaan X
LiSt Of ADDIEVIATIONS ...t e e e e e e e et e e e e e ane Xl
1 Introduction & BacKgroUNd.............uueiiiiiii i e e e e 15
22 1Y/ 111 g ToTo [o] (o |V 16
2.1 ODjJectiVe Of the STUAY........uuiiiiiiiiiiiie e 16
2.2 RESEArCh QUESHIONS ...ttt e e e e e et e e e e aaaaaeaeaeaeaeeeaeaasaaaaaaannannnnnnnnnes 16
A T |V =1 g To o (0] [o o |V @ AV =T Y] [ 16

3 QUESHIONNAINE RESUILS. .. uuuiii it e e e e e e e e e e e e aerr e as 17
K 20 R [ 011 0o (¥ ox 1 o] o IR PP PPPPPP PRSI 17
3.1.1  Survey zones and reSPONUEILS.......c.coiiiuurrriieee e et ie e e e et e e s s e e e e e e 17

3.2 SUIVEY FINGINGS. ..o ittt e et e e e e r e e e e e e annneeeaeas 20
3.2.1 0T 111 = 1o o P 20
3.2.2 L (0TS T o =] (o Lo PP 20
3.2.3 Heating technologies in BUIldiNgS..........oouuiiiiiiiiiii e 23
3.2.4  Acceptance of renewable energy technolagy..........ccccooeviiiieeeiiiiiiiiiiiiee e 25
3.25  AddIitioNal COMMENTS....cciiiiiiiiiiiiee e e e nr s 26

4 Energy Demand ASSESSIMENL.......ccoiii ittt a e e e e e e e e 27
4.1 Methodology and Data COlECHON...........ccuuiiiiie i 27
4.1.1 Heating denand profile generator (Strathclyde model)...........ccccveeeiiiiiiniinnneenn. 27

4.1.2 Hourly profile generation based of heating degree days and Strathclyde mad&l0

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

calculation using aerial photographS..........eeviiiiiiiiie 31
414 Fuel consumption Method.........ccciiiiiie e 33
4.2  Heat Demand in BUIldiNGS.........coiiiiiiiiiiiieeeee e e e 34
421 Heating demand mfile generator (Strathclyde model).........cccccveeeeiin, 34



5

422

4.2.3

model

424

425

Hourly profile generation based of heating degree days and Strathclyde mad&5

Scottish House Condition Survey baseline and energy intensities from Strathclyde
36

Fuel consumption Method........ccoceiiiiiie e 37

Comparison with Scottish Heat Map............ooviiiiiiiiiiiieeciieeece e 38

4.3 Energy [Emand Estimation for Small Scale Enterprise (Case Study: Microbrewery)38

431 Energy consumption of the residential area..............cccccocniiiiiiiiiiieeeeeeeeeee, 39
4.3.2 Energy consumption of the bistro/brewery arga..........ccccvvvvevvviiieeiiiiiiiiiineeee, 39
43.3 Electricity consumption in the brewing proCess........ccccouvvviveeeiiiniiiiiieiiee e 39
4.3.4  Total annual energy consumption of the microbrewery premises..................... 40
435 Daily demand profile for microbrewery premises..........cccccccoeeei e ieccccccinnns 40
4.4  Sensitivity of Future Demand............cccccooiiiiiieniiieniiiiieeeee e AL
4.4.1  Scenario 1: the overall heating demand increases by.20%............cccccveeernnnn 41
4.4.2 Scenario 2: The overall heating demand decreases by.10%............ccccceeeeeeenn A2
4.4.3  Scenario 3: The overall heating demand remalnsoat same...................cccccueeee 42
WiNd RESOUICE ASSESSMEIL........uuvriiiieeiiiiiireieeeeessiireeee e e e s siibreree e e e s snirnneeeeeessnnnnneeeeee e A4S
5.1 Wind Project Development MethodolOgy............ccoeiiiiiiiiieiieiiiieeee e 43
5.2 SItE SEIECHON. ....eeiiiii i 43
5.3  WiNd RESOUICE ASSESSIMENIL......uuviiiiiiiiieiittiee ettt e e e sttt e e s 44
5.3.1  WING QIMECHON. ...ceii ittt e e e e e e e e e e e e e s anaees 44
5.3.2  Mean wind speed & frequency diStribULION............cccuviiiiiiiiniiiie e 45
5.3.3  WINGA rESOUICE MAP....uuuuiiiiieeeeieiieeeitiies s e e e e eeeeeeeeetaaeaa e e eeeeeeeeeeesennnaneaeeeaeeeeeenned 46
5.4 TUIDINE SEIECHON.......cciiiiiiiiiiii e 47
5.5  OPUONS ASSESSIMENL.......uiiiiiiiiiiiiiiiie e e ettt e e e e e s e e e e e s e s s b e e e e e e e anabb e e e e e e e s aanrenees 49
5.5.1  Loch Meadaidh annual energy production (AER)............ccccoiviiiimieeeieiiiiiiieen. 49
5.5.2  Craft village energy production analySis...............ueeeeiieeiiieiiiriiiiiiieaaeea e 51
5.5.3  Grid CONNECHOM.......uiiiiiiiiiiiiiie ettt e e e e e e e e e nnees 51
554 Preliminary COSt @NalYSIS.........ccuuuiuiiiiiiiiiiiiiiiiirier e e e e 51

v



555 Environmental CONSIAEIAtIONS. ......viviirei ettt ettt e e e e e e e eaans 52

5.5.6 Environmental impacts of windfarm development..........cccccvveevieviieeiieiiinennnn.n. 53
HYdro RESOUICE ASSESSIMIENT. .....uviiiieiiiiiiiiiiee e e ettt e et e e e e et e e e e et e e e e e e eaanaes 59
6.1 55DQa t NB @hMHgddaZEnetgp DEYelopment........c.ccooveveeeeeieeeveceeeeeeeene, 59
6.2  Overview of Hydro TeChNOoIOQY.........uuueiiiiiiii i 60
6.3  RESOUICE ASSESSIMEBNL......ciiiiiiiiiiirt e st a e e e e e e e e e e s s s 61
6.3.1 Hydro project development Bthodology.............coovuiiiiiiiiiiiiiice e 61
6.3.2 Rivers and lake availability................ooooiiiii e 6l
6.3.3 Head and flow CalCulation.............cc.umiiiiiiiiicc e 63
6.3.4  Technology component selection andpecification for Allt Smaa....................... 65
6.3.5 Energy production @nalySiS...........cuoeuiiiiiiiiieeiiiiiiieee e 68
6.3.6  COSE ANAIYSIS.....eeeiiieiiiiiiiii ettt e e 71
6.3.7 ENVIironmental aSPECLS. .......covuuiiiiiiii e e e 73
6.3.8  CONCIUSION ....coiiiiiiiieiiiii ettt e e s snnneessnneee s L
YY1 =] 0 T TP P PP PP PR P PP £
% R €1 4 o J OF= o =T | Y ST PP PPPPPRPP PPN 74
7.1.1 District heating SYSteM........c.coiiiiiiiici e e e e reeeer e eeeeeee e D
7.1.2 District heating SYSteM SIZING........uuuuiiiiiiiiiiiiiieee e 16
7.1.3  Cost Estimation of District Heating SYStem............cccccoviiirmieieeiiiiiiieeee e 78
7.2  Energy Storage Calculation Based on Electric Storage Heaters.............ccccvveeeeee.. 78
7.3  Household Cost Analysis for Implementing Proposed Heating System...................19
Y1 (= . T 1Y, o T = 81
7.4.1  SUPPIYING reSt Of DUIMESS......uuuiiiiiiiiiiiiiieceeeeeee et 82
7.4.2 Balnakeil Craft VIllAge .........coooiiiiiiiei et 83
Economidreasibility STUAY...........uuiiiiiiiiee e 84
8.1 Introduction: support schemes available..............cccccooii 84
8.1.1 =TT 1T B o= U 85
8.1.2  Community and Renewable Energy Scheme (CARES)..........ccccccvvvivrinrinnnnnnen. 86



8.1.3 Low Carbon Infrastructure Transition Programme (LCITR).........cccccccceeeeeeeenn. 87

8.1.4 Local Energy Challenge FUNd (LECE)..........c.cccuiiiiiiieiieiieeceeeeeeeeeee e, 87
8.2  Accepaince of renewable energy teChnolOgIeS...........uvvevviiiiiiiiiiiieee e 88
8.2.1 Level of acceptance of a Wind tUrbine...........cooooiviiiiiiiiniiiiiece e 38
8.2.2 Level of acceptance of the micro hydropower plant............ccccoovviiiiiriiiiiiiiennnn. 38
8.2.3 Level of acceptance of a local energy economy and in its participatian........... 89
8.3  Description of the business ModelS...........coovviiiiiiiei 90
8.3.1  WIiNd USINESS MOUEIS.......iiiiiiiiiiiiii et 91
8.3.2 Micro hydropower plant business models............ccccvvvviciii e, 92
8.4  Assumptions of the econOmMIC MOEL...........uuuuiiiiiiiiiiiiiiiiiiee e 92
8.4.1 Feedin tariff (FIT) ... e 92
8.4.2 Electricity price for [0Cal SAlES..........oooiiiiiiiii e 93

8.5 Loch Meadaidh: economic results of the proposed business models for wind turbi®ds

8.5.1 Net Present Value (NPV) results for 800 kW and 500.kW..............ccvvvvveevnneeee. 94
8.5.2 Economic indicators for the 800kW wind turbine.....................coee oo, 95
8.5.3  Sensitivity analysis for 800 KWV..........ccoiiiiiiiiiiiieiiiiiee e 97

8.6  BalnakeilCraft Village: independent analysis of a private wire business model for wind

BUIDINES. ..ot e e e e e e e e e e e e e 99
8.6.1  Sensitivity analysis for the Balkeil 100kW wind turbine......................cc oo 100

8.7  Allt Smoo: economic results of the proposed hydro business models................... 102
8.7.1  Sensitivity analysis for the 50kW hydro plant..........ccccooiiiiiieriiiniiiiiiieeee 102

8.8  Allt Port Chamuill: ECONOMIC ANAIYSIS........cooeeiiiiiiiii e eee e 103
8.9 CONCIUSIONS.....eiiiiiiie ettt e et e s e e s 105

S B Y 11 03] ST PP PO PPPPPRP 105
10 RETEIEINCES. ...ttt e e e s e e e e e s e e e e an 108

Vi



List of Figures

Figure 1. Status INTEIVIEW FESPONSE. ... ..uuuiiiieeiiiiitieeeeee e e ettt e e e e e s sbberre e e e s s asban e e e e e e s e anbnnrreaaeeas 18
Figure 2. Type of surveyed property by purpose of the building..............ccccooiiiiiiiii, 19
Figure 3. Zonevise distrilution of reSPoNdentS..........ccoociiiiiiiiiiii e 19
Figure 4. Population according to SNS data ZOMNE...........cccuvviiiieeriiiiiiiee e 20
Figure 5. Population at interviewed housenalds..............ccccoooiiiiiiiiiiiii e 20
Figure 6. Age of the properties based on visual INSPECLIQN............c.uvviiieerriiiiiiiee e 21
Figure 7. Age of INtervieWed PrOPEILY.......cvveiiiiiiie e e ee e e e e e e e e e e e e e e e e e eeeeeaennanas 21
Figure 8. Retrofits information within past 15 Years............oveviiiiiii e 22
Figure 9. Future plan for retrofil......... ..o e 22
Figure 10. Zonavise heating technology IN DUINESS.......cooiviiiiiiiiiieien e 23
Figure 11. Buildingwise number of heating SYStem.........uuvvviiiiiiiiiiiiiieeiiee e, 24
Figure 12. Water heating teChNOIOQY.......uuuveeiiiiiiiiiiiiieee e 24
Figure 13. Heating system satisfaction IeVel.............uuuuiveiiieiiiiii e, 25
FHgure 14. Reply of respondents on LiKert QUESHIONS. .........evviviiiiiiiiiieiiieeeeeeeeeee s 26
Figure 15. Flow diagram of the "Heating Demand Profile Generatar..............cccccceeeviiivieennen. 28
Figure 16: Type of occupancy (ESRU, 2007).......ccccoiiiiiimiieeeeiiiiiiiiieee e asiiieeee e e siieneeee e 29
Figure 17: Polygons and attribute table generated with ArcGIS............ooooiiiieeiiiiiiiiieeee 32
Figure 18. Hourly demand per season from Strathclyde model............cccccooviiiiiiiiiiiiennn. 35
Figure 19. Daily demand based 0n HDD............ccuiiiiiiiiiiiee e 35
Figure 20: Hourly heat demand fOr DUIMESS..........oouiiiiiiiii e e 36
Figure 21. Daily demand for the microbrewery premises in DUINESS..........ccovvvvveviviciinieeeeenenn. 41
Figure 22: Different scenario for future demand (OWN analySiS).......cccceeeevvvieerrieeeviiiiiiin e, 42
Figure 23: Wind Direction of the EMD Mesoscale Hengp Measured Data (Source: WindPRO®3.0)
................................................................................................................................................ 45
Figure 24: Annual Mean Wind Speed (WINAPRO®3.0)........cccccouiiiiiiuiiiiiiiiiiieeieereeeeeeeeeaaaaaee 46
Figure 25: Weibull Distribution (SOUMMENAPRO®3.0).....cccviiiiiiiiiiiiieiieeeeeeeeee e 46
Figure 26. WiNnd RESOUICE MAP........coiiiiriiiiieei et e e sttt s st e e et e e e e s s s nanbneeeeas a7
Figure 27. Power Output of the 3 Turbines from 2007 t0 2015...........cccvvvvieiiiiiiiiiiieee e 49
Figure 28. Calculated power curve eéBEand EA4 WTG'S.......ccoviiiiiiiiiiiiiie e 50
Figure 29. AEP Of the 3 WTGS.....oiiiiiiiiiiii et 50

Figure 30. Map of environmental areas in Durness. ¢.&tarnakeil Craft Village Site. RigHtoch

Meadaidch lake sitéScottish Natural Heritage, 2015)........cccouiiiiiiiiiieee i 53

Vi


file:///C:/Users/juanmanuel/Desktop/Compiled%20File%20Incuding%20Appendices_draft%201.docx%23_Toc478048712
file:///C:/Users/juanmanuel/Desktop/Compiled%20File%20Incuding%20Appendices_draft%201.docx%23_Toc478048713
file:///C:/Users/juanmanuel/Desktop/Compiled%20File%20Incuding%20Appendices_draft%201.docx%23_Toc478048714
file:///C:/Users/juanmanuel/Desktop/Compiled%20File%20Incuding%20Appendices_draft%201.docx%23_Toc478048715
file:///C:/Users/juanmanuel/Desktop/Compiled%20File%20Incuding%20Appendices_draft%201.docx%23_Toc478048721

Figure 31: General distribution map of bid$e Royal Society for the Protection of Birds (RSPB), n.d.)

............................................................................................................................................... 54
Figure 32. ZVI map: Analysis of the long distance visual impact of the 800 kKW.WTG........... 55
Figure 33. Places and houses considered as possible critical points of visual.impact........... 56
Figure 34Plot of Noise Results (WINdPRO®3.0)..........uuuiiiiiiiiiiiiiiiee e 57
Figure 35: Plot of Shadow Results (WiNdPRO®3.0)........ccuiiiiiiiiiiiiieeeeiiiiiee e 59
Figure 36. Typical ruof-river scheme layout (BHA, 2012)..........ccooiiiiiiiiiiiiiiiiiieee e 60
Figure 37. Catchment location for Allt Smoo downstream inlet (left) and Loch Meadaidh. (rigi2)
Figure 38. Catchment size for Allt Port Charmuill..............ccoiiiiiiiii e 63
Figure 39. Proposed intake and power house locaomllt SMOoQ........cccoeeveeeiiiiiiiiiiiciine e, 63
Figure 40. Proposed intake for Allt Port Charmuill............cooorriiii e 64
Figure 41. Flow duration curve (left) and monthly mean flow (right)............cccovvirieeinn 64
Figure 42. Flow duration curve for Allt Port Charmuill..............ccccoiiiiiiiiiiereee e 65
Figure 43. Penstock layout and elevation profile for3ioo..................ccoeeiiiicciiee, 66
Figure 44. Turbine Application Range Chart (A.H. Elbatran, November.2014)..................... 67
Figure 45. Monthly energy production on Allt Smoo scheme from different plant.sizes.......... 70
Figure 46. Monthly abstraction and residual flow by the Allt Smoo scheme........................... 70

Figure 47. Generation potential from the Allt Smoo hydro scheme against the microbrewery demand

................................................................................................................................................ 71
Figure 48. Grid coverage relation to DiStrict HEatiNg...........oocvvriieeeiiiiiiiiiieeeeeee e 75
Figure 50. Proposed District Heating location (from ArcGIS Imagery)........ccccvveeeeeeniiivnennenn. 76
Figure 51. Unmet demand percentage, Balnakeil................cooooiiiiii e 77
Figure 52. Hourly 800kW wind generation and load profile.........cccccoeviiiiiiiiiiiiiiiii e 81
Figure 53. System residual I0ad.........cooooie i e e 82
Figure 54. Unmet heating demand based on 2013 wind prafil€..........ccccccoeeiiiiiiiiiiiiin e, 83
Figure 55. Hourly storage level for electric storage and district heating starage.................... 83

Figure 56. Monthly unmet demand for Balnakeil craft Village case with 100kW turbine......... 84
Figure 57. Hourly Storage I8VEL.........uuuuiieieeiieeiieeeeee e 84
Figure 58. Level ottaeptance of a wind turbine (580m) near Loch Meadaidh......................... 388

Figure 59Level of acceptance of micro hydro schemes at Allt Smoo and Allt Port Chamuill.89

Figure 60. Level of acceptance of a local epegpnomy and in its participation........................ 90
Figure 61. Loch Meadaidh: NPV results for 800 with and wWithoUut ELT.............cccceoviiiiiinnenn. 95
Figure 62. Loch Meadaidh: Cash Flow Available for Debt Service (CEFADS)...........ccoovuvenee. 96
Figure 63. Loch Meadaidh: Cashflows for Shareholders..............ccccceriiiiiiiiiie, 97

VI



Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.

Loch Meadaidh: Changes in NPV vs. Investment.COSIS.......cccccccvvvvveiiieiieeeeneennn, 98
Loch Meadaidh: Changes in NPV vs. discount.rate..............c.ccooeeei i 98
Loch Meadaidh: Changes in NPV vs. Inflation.rate............ccccccveiiiiiiiinnie e 99
Balnakeil Craft village: Private wire scenario COMpPariSOn.............occvvvveeeeeeenninnene 100
Balnakeil: NPV vs. discount rate of the 100kW not connected to the main.grid..101
Balnakeil: NPV vs. discount rate of wind turbine connected to the main.grid......101
Allt Smoo 50kW: NPV vS. diSCOUNL.IALE........cceeeeiiei e 103
Allt Smoo 50kW: NPV vs. INflatBB ..........oooeeeeeeeeeiei e 103
Allt Port Chamuill: NPV vs Investment costs of the proposed plant capacities....104



List of Tables

Table 1. Survey Zones containing NUMber of ProPerties...........ccvvveiieeinriiiiiiee e 18

Table 2 Demographic distribution of Durness population based on survey information (ESRU, 2007)

............................................................................................................................................... 28
Table 3: Number of properties accangito their tyPe.........ccooviiiiiiiieeriiiee e 32
Table 4: Number of properties according to their PUIPOSE...........evvviveiiiiiiiiieee e 32

Table 5: Total area of residential properties calculated in ArcGIS per type and year of cons88ction

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

............................................................................................................................................... 36
Table 7. Heat energy predictions for different types and ages of profeg8RU, 2007)............... 36
Table 8: Fuelvise distribution for annual heat consumption and their expenditure.................. 37
Table 9. Annual demand estimate using different methads...................ccceeeiviiiicicciiinieeee, 38
Table 10: Annual energy consumption faicrobrewery premises (MWh)................ccooeonnnnd 40
Table 11: Turbines brands and SiZe€S OVEIVIEW.............coovviiiiriiiieiiiice e A8
Table 12. Site specifications of the 3 proposed WTG's (WIiNndRRO®)..........cccceevvvvivvvineenn..... 48
Table 13: Annual Energy Output of 60kW HARBON & 100kW XANT Turbines (Source: WirklPRO®)
Table 14. Investment and Operational Costs Of OPtONS..........cccuviiiiiiiiiiiiiiiee e 52
Table 15. Possible critical point of Visual iMPaCT...........c.uvviiiiiiiiiiece e 56

Table 16 Permitted threshold values for noise emission according to the Assessment and Rating of

Noise from WindPRO®3.0 (NOISE, 20LL)....ccceeiiiuririieeeeaaaiiieeeeeeeesitieee e e e s s s e e e s einnneeeees 57
Table 17Values of noise in points A, and B (Generated by WindPRO®3.0)..........ccccceeeveeeenen. 58
Table 18. Catchment description Of OPtIONS.........cocoviiiiiiecce e e 62
Table 19DeSIgN fIOW FAtES........ccooiiiieeicr e e e e e e e e e e ee e e e e e eeaeeed 65
Table 20. PenstoCK SEleCtION CrItEILAL..........vviiiiiiiie e 66
Table 21. Turbine Output Calculation in Different Scenario.............cccccceeeeeeiii e, 67
Table 22. Generator selection (DOE & JICA, 2009).......ccoiviiiiiiiiiieiieee e, 68
Table 23. Design Flow and corresponding turbine pOWer QUIPUL............uvvvvviviieriimriereeeeeeeees. 69
Table 24: Power output and annual energy production from Allt Port Charmuill..................... 71
Table 25: Investment Costs in Different OPtioNS........ccooviiiiiiiiiieeieee e 72
Table 26: O&M Costs in Different SCENALIA. ........coiiuviiiiiee e 72
Table 27: Mthod 2 COSt ANAIYSIS........cuiiiiiiiiiiii e e e e e e 73
TabIe 28. Grit CAPACITY. ... .uueeieeeiiiiiiii e e et e e s e e e e e e e e e e e sa s r e e e e e e e annneees 75
Table 29. Heat density CaICUIAtION............ccuuiiiiiie e 76
Table 30. Boiler sizing CalCUlAtiQN............cooi i e e e e e e e e aaaaaaens 77



Table 31.
Table 32.
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38.
Table 39.
Table 40.
Table 41.
Table 42.
Table 43.
Table 44.
Table 45.

Y (o1 =0 4T o P EPPEPRPUPRR 18
Capital COSt ESHMALIONS. ... .uuvreiiiiiiei e eeeeees 78
Type of electric storage heater Per rQQM.............cooiiiiiiiiiiee e 79
12hour Property deMANG.........cooii i e e e e e e e 79
Estimation of radiators COSt Per PrOPEITY.......coiiiuriiieiee et 80
Cost of adapting households heating system in Central Durness and Cratft Villag&0
Cost of adapting households heating system in zones.3.10.6...........cccccevvcvvveeennn. 81
ANNUAINMET EMEANTL........oeei e ee e 82
WiNd DUSINESS MOUEIS. .....ceiiiiiiiiiiii et 91
Hydro bUSINEINOUEIS ..o e 91
Summary of assumptions taken for the economic model.............ccccviiennn, 93
Loch Meadaidh: Economic indicators for 800kW for all three business models.....96
Balnakeil: Investment cost for wet district heating system..........cccccccovevveeenel. 100
Allt Smoo: Economic indicators for different plant capacities.................ccceeeeenns 102
Allt Port Chamuill: Investment costs per rated power: different plant capacities...105

XI



List ofAbbreviations

AC Alternating Current

ADSCRAverage Debt Service Cover Ratio
AEP  Annual energy production

BM Business Model

BNG British National Grid
CARESCommunity and Renewable Energy Scheme
CFADSCash Flow Available for Debt Service
dB decibel

DC Direct Current

DDG Durness Development Group

DEM Digital Elevation Model

DH District heating

DHW District hot water

EIA  Environmental Impact Assessment
FDC FlowDuration Curve

FIT  Feedin-Tariff

£ Great Britain Pound

GIS  Geographical Information System
GW  Gigawatt

GWh Gigawatthour

HHD Heating degree days

Hz Hertz

IEC International Electrotechnical Commission
IIF Infrastructure and Innovation Fund
IRR Internal Rite of Return

kv Kilovolt

kw Kilowatt

kWh  Kilowatthour

LCITP Low Carbon Infrastructure Transition Programme

Xl



LCOE Levelized Cost of Electricity

LECF Local Energy Challenge Fund

MHP  Micro Hydro Power Plant

MSC Mirogeneration Certification Scheme
MW  Megawatt

MWh Megawatthour

NPV  Net Present Value

O&M Operation and Maintenance
OFGENODffice of Gas and Electricity Market
ONS Office of National Statistics

oS Ordinance Survey

PA Preliminary Accreditation

REIF Renewable Energy Investment Fund
ROO Renewablebligation Order

RPI  Retail Price Index

rom  revolutions per minute

RSPB Royal Society for the Protection of Birds
SAC Special Areas of Conservation
SEGECScottish European Green Energy Center
SEPA Scottish Environmental Protection Agency
SNH Scottish Natioal Heritage

SSE Scottish and Southern Energy

SSSI  Sites of Special Scientific Interest
THTC Total heating and total control

TIC  Total Installed Capacity

TP Tariff Period

VAT Value added tax

VPW Virtual Private Wire

WHS Wallingford Hydro Solutions

WRF Weather Research and Forecasting

WSW West South West

X1



WTG Wind turbine generator

ZVI Zone of visual influence

XV



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 Sutherlafburness Development Group, 201Durness is a small
village with 400 inhabitants, éated on the Northwest tip of the Scottish Coastline. The most rorth
westerly village on mainland Britain Durness consists of 8,000 acres of coastal and upla(RCarea
Energy Solutions Ltd., 2009)

Durness Development GroypDG) 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
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 kggailves of the group is the development

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

a sustainable economic development in the Pa(BBG Ltd. , 2016)

DDG has made an attempt to implement two renewable energy projects which werd\&/ 40icro

hydro scheme in 2010 and a 5600 kW wind turbine in 200@5rangeston, 201QRDES Ltd, 2006)
Howeverdue to grid constraint and high cost of infrastructure development, DDG has not taken these
projects any further. Nevertheless, the DDG has not givenfupecent project on thesland of Mull

has provided new impetus to the idea of local renewable eieityr 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 publidectricity network.

Therefore, in close collaboration with Community Energy Scotland and the Durness Development
Group afive-week field research was carried out by 15 students of the Master of Engineering program
in Energy and Environmental Managemeiwinfrthe 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 (2017http://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 luddiselvey

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 considegomising 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 givenin 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:
9 To assess local heat demand and analyse the possible demand of scaf@binterprise.

1 To quantify the potatial of wind and hydreesourcedor power generation to meet the heat

demand.
1 To suggest aystem configuratiothat maximizethe use of locally produced energy.

9 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 adé¢al be answered.
T What arethe present heatlemand ad the heat installations iDurnes®
1 What are the potentiad of wind and hydro resources for generating electricityrieet heat
demand?
1 Whichsystem configurationis suitableto match the demand with supply?

1 How could such system be implemented in orttegenerate benefits?

2.3 MethodologyOverview

The following methodology was deploy&machieve the objective of this study.

A structured guestionnaire was designed to collect baseline data which were required to address the
research questions. Thguestionnaire 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 consigfiageao 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 thbusiness 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 Scottjsbawwhood

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 studyareDurness.

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 d€lS Excainodelk havebeen developed to investigandmatch
generationresourceswith demandand economic analysis which are described in the respective

chapters.

3 Questionnaire Results

3.1 Introduction
A structuredquestionnaire (se the questionnaire idppendix Abased field survey has beasedfor
this study from 28 Februaryg 15 March 2017. The questionnaiwgas prepared by the students to

gather folbwing information which are required for this study:

1 Present condition of housing stock in Durness.

1 Technology used for space and water heating and determine the satisfaction level
corresponding to the heating system.

1 Household expenditure on heating.

1 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 anand 230(Gubbins, 2016)kspondents of different entities in buildings (residential

and business). In addition to the reference, this number of buildings was validated using satellite
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image of 2005 from Google EartBoogle Earth V.7.1.8.3036, 201Blpwever, 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 noticethdratare 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 Guizbis 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

Tablel. Survey Zones containing number of properties

In this survey, a group of 14 students have patrticipated as interviewers forminggtreujps. During

the survey period, a total of 172 propertiegre approached by the interviewers in all 7 survey zones.
Nevertheless, among them only 34% approaches weceessful to conduct interview while 17% of
the people refused to participate to the interview and 48% household found empty during the survey

(seeFigurel).

Status of interview response

= Successful Interviews

= Not Interested

= No people found in the hout

Figurel. Status interview response
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Among successful interviews, 58% response received from residential property and rest of them were
from commercial and seriommercial entities. Sertiommercial entity includes, bed and breakfast

which are shared with a residentijatoperty (seeFigure 2.

Types of surveyed properties

= Residential = Commercial = Dual Purpose

Figure2. Type of surveyed property by purpose ofbiaéding

Zonewise distribution shows Figure 3), from Central Durness and Craft Village, the rate of
participation to the interviews were much highigr comparison to other 4 Zones, and the figures are

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

Zonewise distributon of respondents

= Central Durness

= Craft Village

= Sangomore
Leirinmore

= Rispond

= Laid

Figure3. Zonewise distribution of respondents
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3.2 Survey Findings

3.2.1 Population
A total number 0f88 personsf different age groups have been identifigd34 householdand 14

semicommercialproperty interviews. The distribution of the populatiaa as follows.

Age of the occupants in households (total: Age of the population in Durness
88) according to data zone S01003990 in
2014 (total: 494)

= Age 0-19 years

0,
5% 34% Age 20-44 year:
32%

22% Age 45-60 year:

Age >60 years

24% 26%
m Age 0-19 = Age 20-45 = Age 46-60 = Age >60
Figure5. Population at interviewed households Figure4. Population according to SNS data zone

Figureb shows that majority of the population belong to working age, accting 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 statigtcshe population of data zone S01003990
whichrepresentsDurness. Té data zone informationHigure4) shows nearly the similar percentage

for the people of working age and who belong the age group @eryears. 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 accourfitga3 total. On

the other hand, there are considerable numbers of properties which are more than 100 years old (see
Figure7). Howeverto get an oveall picture of the ages of the properties a visual inspectiasalso

conducted on 10 of March 2017 and the observatiésillustrated inthe graph below K igure6).
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Age of the interviewd properties Age of the property based on visual

o

inspection

25%

= Before 1919 = 1919-1944

1945-1964 = 1965-1982 = Before 1919 = 1919-1944 1945-1964
= after 1982 = 1965-1982 = after 1982
Figure7. Age of interviewed property Figure6. Age of the properties based on visual inspecti

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 softwat@ determine the building footprinarea. 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 habeen found that the area of the residential buildings varies from 4tr658nt.

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 origimalin different years.

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

3.2.2.3 Type of buildings

Three categories of building types have been identified from the survey and visual inspection, which
are, detached, semdetacted, and terraced. Among these categories, 76% of buildings are identified
as detached while, sertietached and terraced make up 20% and 4% respectively. In addition, in
terms of property ownership, 45 out of 59 respondents have replied that the propedwiged 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 ye&r®mrespondentgeplies 56% of he buildings

have been retrofitted to improve energy performance. These retrofits have been performed to
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improve insulation (gy. roof, wall, floor, window, and door) and heating systems of the buildings. 17
out of 33 respondents mentioned single retrofitghile other said they had performed multiple

retrofits.

Respondents were also asked about their future retrofit gldar building energy efficiency
improvement. As a reply to this question, 12 respondents, whi dleeady performed retrofit(s) in
the past 15 years, shared their further plan for additional retrofits. On theliand, 14 respondents,
who hadnot implementedany retrofits in the past 15 yeargjere found to be not interested in any

future retrofit.

Have any retrofits been done to reduce energy
consumption in this property in the past 15 years ?

Don't Know
5%

Figure8. Retrofits information within past 15 years

Do you have further plan for retrofit?

Don't Know
12%

Mo
56%

Yes
32%

Figure9. 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
guestions 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 findingshow that the followingechnologies (se€igurelQ) are being usetbr space heating

in Durness:

Zonewise Heating Technology

W Gas-fired central heating system

m Oil fired central heating system

Electrical pannel heaters

Leirinmore Electrical storage heaters

m Electrical heat pump
Sangomore 111 3 m Electric Boiler and Radiator

m Solid fuel heater (Coal, Wood, etc.)

0 5 10 15 20 25 30 35

Figurel0. Zonewise heating technology in Durness

Among these technologies, dited and solid fuel heating systems appeared in a higher number during
the interview and some households use more than one heating system. Therteffirel the primary

and secondarnheating 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 syatainene respondent does

not use any heatingystem (seé&igurell). Furthermore, among all the respondents, 28 buildings use
central heating systengg@sfired, 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 buildingsHepeel?2).
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Buildingwise number of heating system

B Gas-fired central heating system
m Oil fired central heating system
Multiple Heating Systems (2 Buildingi ® Electrical pannel heaters
Electrical storage heaters
H Electrical heat pump

Double Heating Systems (19 Building— 11 17

0 5 10 15 20 25 30 35 40

Figurell. Building-wise number of heating system

Water Heating (Technology vs. no. of Property)

30 m Electric Instantaneous heater

m Gas heater 26

m Oil heater

Electric Immersion Heater (manual/remote control

20 m Part of the central heating system 18

m Others (Solid fuel, coal boiler)

14
- :
1
0 S ]

Figurel2. Water heating technology

3.2.3.2 Expenditure on heat energy

Tofind the demand of energy, especially heat demand, interviewees were asked about their energy
consumption in the form of electricity either in energy unk®\fh/month) or in terms of expenditure
(E/month). 8 respondents out a9 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 vas placed in the questionnaire to gather information on overall satisfaction level with the
heating system at the propertyFigure 13 shows, 68% of theéespondents 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. Howeve¥yp b2 the respondent could not rate

their heating systenni 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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Level of satisfaction on heating system

>

Figurel3. Heating system satisfaction level

= Very Satisfied

= Satisfied

= Neutral

Dissatisfied
= Very Dissatisfied

= Not Answred

3.2.4 Acceptancef 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 ofvind 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
FA1 SR F2NJ GKS NBLIX AOIFGA2Y 27T | LINtReB&IE S atthofiedig Yy | &
in Appendix B TheFigurel4 below summarizes the opinion of the respondents. To summarize a
significant majorityof 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
GKS ljdzSaldiAz2y da22dz R @2dz t A1S (2 0 8@Dondentschask | NB K 2
2 yasgSNIFa aL R2yQiG 1y26é YR mm: LISNOSyld 27F i

strong disagreement.

[N
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Reply on likert questions on community renewable energy and heating system

B =
12%

I would be interested in becoming a shareholder in such a system. 24%

21%

B =
| would be interested in becoming a customer, if a similar systemas | o

on the Isle of Mullis implemented in Durness, assuming the cost 7%
are not higher than the SSE off peak tariffs. A7%

I
in
Ed

.
0%

I support the idea of implementing a similar system in Durness. 5%
51%
41%

B =

I support the idea of a community owned micro hydro scheme at o
Allt Port Chamuill.

39%

| S

=]
Ed

I support the idea ofa community owned micro hydro scheme at

15%
Allt Smoo

46%
34%

T
| supportthe ideaofa community owned wind turbine (50-60m 0%

hub height) near Loch Meadaidh 309
45%

0

Ed

10% 20% 30% 40% 30%

m Strongly Diszgree Diszgree mDon'tKnow mAgree  m Strongly Agree

Figureld. 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 migthengthen 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 micrbydro scheme, and thémprovement 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 dhe 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

Tocalculate 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 modetbased approach combining behaviour, occupancy and building typesthe
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 thieat consumptionderived 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 Surveayehiasati 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 Scettiheat 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 generat@®trathclyde model)

One of the methods used to estimate the heat demand for Durness is by using@dficExcel®

Y2RSt OFftfSR a1 SId 58YFYR tNRTAES BRUINFNZ NE T NI
the data colleatd from the surveyed propertigshe interfaces of the model can be founddppendix

O. Themodel considersdemographic information of the population to generate an occupancy

pattern, and the main characteristics 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 sedFiguire 15
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Gype of building:
* Detached

* Semi-detached
* Terraced

* Mid Flat

Demographics per household:

( Top/Ground Flat /

\

Construction period:
* Victorian

* 1945-1983

* 1984-1997

* 1998-2002

* Number of persons in the (Size of room: N 4
property « Compact Ceiling Height:
* Range of ages of persons + Average * Normal
* High
\- Large J s Y,

AN

Number of bedrooms:
* Single bedrooms
* Double bedrooms

Number of building of each kind

Heating Demand
Profile generator

Qutputs

|

Seasonal heating demand profile
for the whole community

] |

Energy intensity (kWh/m2/year)
for each kind of property

Figurel5. Flow diagram of the "Heating Demand Profile Generator"

To estimate the average ogpancy pattern for Durnesslemographic information obtained from the
survey and the occupancy type definition from the Strathclyde model was used. 50 interviews
provided useful information about theumber of persons in the property and their ages. Based on

those results, the claggation shown inTable 2vas made.

Type of household PerScr?;l:tge holrljgleﬁfol q
Single adult 22% 11
Single Pensioner Adult 18% 9
Twoadults 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

Table2: Demographic distribution of Durness population based on survey infornfB8RU, 2007)

Afterwards, based on thelassification fromlable 2 three different Occupancy Types were defined

according to the Strathclyde model. Segurel6.h O O dzLJr y O &

I Rdzft G &

z

¢S m O2VwaNR aSa

gAGK OKAf RNByYM ZLISVHR2 yF RN (I-ayhAseréRéckthes St St Ridif

consumption of a property which is unoccupied betwe@®00 and 13:00. Occupancy Type 2

28



comprd S&a GKS OF{iS3I2NRSa 2F & aAi yepréséntalpRuattyiwhichlisy R & ( &
unoccupied between 09:00 and 18:00. LagtyO0 OdzLJr y O& ¢ & LJS o O2 YSidy# a Sa K
t SYaA2ySNI | Rdzt (¢ | y Représeri @ propaty ciubiedyhd Wible day. BEskdd K

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

Energy Delievered

Occupancy Type 1 ——Occupancy Type 2 Occupancy Type 3 |

5 /a\ ~. AN

[N A
| _J N\ J [
N N\ [ ]

- N~ )

Heating Load (kW)
(T4}

10h30
Time (Hours)

15h30

Figurel6: 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 theStrathclyde modelto estimate the heat demand in Durness. This
information was obtained using 53 out of the 59 surveys perfatmehe 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 propertiggere detached, 23% serdetached and 4% of terrace

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

In terms of construction period, four categories were available in the model. The first category was
GxAOQUZ2NARALYeéd 1 fGK2dza3K y2yS 2F K&toriaiNBragemés A Sa A
constructed before 194&were modelled as such, due to the high infiltration and losuiation values.
Therefore,OF (G S 32 NRSMih G t INYBRO NG PR Y (G KS &dzNIBSex 6SNB Y
¢tKS aSO02yR OF G4S32 Nbvdlyyh £05K & KA2GKS O 26YiHdam deiugedam i KISy RO | {
G865Mpy HE TFTNRY HiGKSSE 2 NERGHSEIFMNE ¥ ( KS Y 2bRdAdse tiiel 3y 2
O2NNBALRYRSYOS A ym@aKs: A deNgaFS el Kl (B GIHILIASENINER gd M b ya
Hnnwué Ay whidhRisoYi’. RTBef properties Wi were constructed after 2002, were also
Y2RSEEE SR Ay MG HILDNIERAUR @ dickeydetais.
C2NJ GKS LI NI YS (pdpeltiesENE S 2RKS NRIENXE ZRA -Bichd O 2 BE NP ¢
ATASKRS INZ ROAFBISAG FNR ¥ n(nEENBISQOA R RAAFMDHOR | a4 d
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bed22Yaé¢s Iff O0OSRNR2Ya ¢SNBE | aadzySR G2 0SS R2dzf
properties were also modelled @®uble bedrooms. Refer tAppendix Gor 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 tAppendix Bo see the covered area).

The heat demand estimatiorior Craft Village and Central Durneswas performed using theame
methodology(refer to Appendix Bo see the corresponding covered areas). The hourly demand profile
per season based on the occupancy type, was assumed to bertieethan in the previous case. For
the building characteristics in Crafillage the information from 11 surveys was extrapolated to the
22 properties existing in tharea For Central Durness, information from 25 surveys were used and
extrapolated to 55roperties. t is important to highlight that irCraft Villagebuildings have flat roofs
and thereforehavelower total building area per footprint area, and as former military barracks they

belong to different type of buildingsll together

Additionally, each type of property (combination of type and year of construction) was entered
individually in the model to estimate its energy intensikyMh/m?/year). To achieve this, the daily
demand obtained from the hourly profile was multiplied by the numberda¥s of each season.
Afterwards, the total yearly demand of the property was divided by its area. Refsppgendix Cto

see the area of rooms assed 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 @aj3D) have been introduced to the
seasonal demandlrhus a daily demand profile incorporating within season variation was obtained
for Durness. The HDD data has been collected from the website degveedays.net which collects
information from the statiorfocated in Aultbea (5.63W, 57.86MP0km southwest from Durness. The
collected information corresponds to the year 2015 ahsiders a basemperature of 15.5C.This
information was later transformed to per unit by dividing each daily value by dted HDD of the
season. Thereafterper 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%satter 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 aedemand 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 arehan
calculation using aerial photographs
In this method, the heating demand was estimated by using specific heat demand values
(kwh/m?/year) and mapping the area in a Geographical Information System (GIS). The software ArcGIS
10.3 was used. The idea wasassess 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: Esril@aflitca 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 norheated houses were excluded. Imetmeantime, with the help of Google Street View,
the number of storeys and the type of property (detached, sdetached or terrace) of those that

were not interviewed were defined.

After drawing polygons on the satellite image, one team travelled ardDuachess 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 properti€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. IRigurel7, 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 importathifo

research (zone, number of storeys, constructy@ar, area, type and purpose of the property).
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Figurel7: Polygons and attribute table generated with ArcGIS

A total of 187 polygons werdrawn and classified. A summary gpe and purpose of the property

can be seen in following table§dble3 and Table4). Forsummaryon construction yearof the

LINR LISNIi A Sa = NB Tfdsfoinaire Rekuiiof Drepoiti SNJ o =«

Type of property | Number
Detached 158
Semidetached 25
Terrace 4

Table3: Number of properties according to their typ

Purpose of the property | Number
Residential 109
Holiday house 67
Commercial 11

Table4: Number of properties according to their purpose

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

type and constructioryear.

32



Total Area ()
Type of Property | Pre 1919 | 19191944 | 19451964 | 19651982 | Post 1983 Total
Detached 1924 3600 5340 2234 1296 14394
Semidetached 423 382 787 1083 614 3289
Terrace 0 0 404 399 0 803
Total 2346 3982 6531 3716 1910 18486

Table5: Total area of residential properties calculatedArcGIS per typend 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
obtainedintts & { 020G GAaK | 2dzaS / 2yRAGAZ2Y {dzNBSe¢ YIRS o
estimates theheat demand of households per square meter depending on their year of construction
andtype of property (sedable6). 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 (se@able7). For the second model the values of heat demand intensity of
terracetype properties for the periods pr&2919, 19191944 and post 1983 were not Icalated

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 beemputed after making informed
estimates. Firstly, the heat energy cost (Jedle8) for different heating fuels used has been deduced

on the basis bseveral factors such as standard rates of firelBurness (information collected while
interviewing), average net calorific values of fu@@epartment of Business, Energy & Industrial
Strategy, 2015)and the system technogical efficiencyor 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 DYirSa a4 ® ¢KS AYFT2NX I GA2Y 2V K2dza$s

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

iKS

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

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 asgd 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 araiakehys

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

Presently, the standard electricity tariff rate for Durness is 18.64 pence&k\Wer (SSE(SSE Energy

Supply Limited), 2017)urthermore, while analysing the survey results, it has been noticed that few
households (that use the electrical storage heating technology) make use of anotheretabcalled

4 a2 KAGS aSGSNEZ F2N YSl-peakNdurg. T8 (KBO Byt XY0&1 NRO A RN

has been taken as 9.81 pence [&vh (learned from one of the interviewees).

4.2 Heat Demand in Buildings

4.2.1 Heating demand profile generator (Strathclydedel)

According to the methodology described previously ageragehourly profie curve for each season

was obtained using the Strathclyde mod&8eéFigure 18. (The definitiorof the seasons can be found

in Appendix ¢ 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 eave the houseAdditionally, 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. Thisamgethat 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 Gfililige. In that case the annual demand was
found to be 875MWh/year and 290MWh/year ggectively. (Refer tA\ppendix (for the detailed

information).
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Figurel8. 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 shdviguire 191n it, it can be evidenced
that the maximum heat demand requirement is in December and January, thkeilsminimum is in
July and August. Additionally, during winter the variapitf the heat demand is greater than in

summer.

Daily heat demand based on HDD (Aultbea 2015)
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Figurel9. Daily demand based on HDD

The hourly heat demand for Durness can be siedrigure 20In 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 thatdastant throughoutthe 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 teaheating is still required.
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Figure20: Hourly heat demand for Durness

Refer toAppendix Gor the hourlyheat 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 chaptet.1.1, heat demand intensities from thec&tish House Condition Survey
(Table6) and the Strathclyde modelable7) were used in combination with the areas calculated in

the GIS modelT{able5) to obtain the total annual heagnergy demand.

Heat Demand IntensitieskiVh/m?/year)
Type of Property | Pre1919 | 19191944 | 19451964 | 19651982 | Post 1983
Detached 594 627 505 404 276
Semidetached 456 350 305 249 181
Terrace 349 251 249 204 149

Table6: Heat energy predictions for different types and ages of prof8uagttish Government, 2010)

Heat Demandntensities kKWh/m?/year)

Type of Property | Pre1919 | 19191944 | 19451964 | 19651982 | Post 1983
Detached 336 336 195 195 139
Semidetached 336 336 251 251 135
Terrace 161 161

Table7: Heat energy predictions for different typmsd ages of properttESRU, 2007)
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Looking afTable6 and Table7, it can be clearly seen that the heat demand intensities according to
the Scottish Government are always higher than the Strathclyde model values, except fer semi
detached properties built during the peridiP65-1982, which value is slightly higher for the second
method. For detached properties, the difference in heat demand intensities ishighyin every
period, ranging from 76% to 158% higher for the first method. For sketaichedproperties, 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 mettizaltotal 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 Dumgsfer to Appendix Bio see the

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

UK is primarily for heating purposes (62% for space heating and 18% for watarghehence the

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

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

well as their respective expenditure has been briefedrliable8.

Energy Annual Fuel Share of| Annual Heat Annual
. Fuel Cost . : ) Heat Energy Cost
Source Consumption (PencekWh) Heating | Consumption| Expenditure (Pencekwh)
(Fuel) (MWh) (%) (MWh) (£)
LPG 780.01 4.76 100% 546.01 £ 37,135 6.80
Qil 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
18.64 for normal 18.64 for normal
- std. meter std. meter
Electricity 2537.47 981 for white 47% 1199.34 £ 209,079 981 for white
meter meter
Total 8726.44 5352.52 £ 478,054

Table8: Fuelwise 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 profilés the heating load. Therefore, the above used methods
G1 SFGAy3 5S3INBS YR al SFGAy3 5SYF YR

employed.

5l é&ac¢ t NB T A
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4.2.5 Comparison with Scottish Heat Map
The use of different methods has resulted in different resulihjch reflects the uncertainties of
different approaches. The annual heating demand obtained from different methods can be seen as

below (Table9).

Methods Annual Heaing Demand (GWh)
Heating Demand Profile Estimato 3.34
Heating Demand Estimation using

Scottish Household Condition Surv .32
Fuel Consumption 5.35
Scottish Heat Map 3.80 GeeAppendix

Table9. 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 Scottésterage. 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 coisidered:

1. ¢CKS dzaASNRQ O0SKIF@A2dzNFf | aLlSoda Ay GKS FAYRA
2. Local data that is more specific

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

Encompassing the aboweentioned criteria, the team decided to build theusty 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 instaitrabrewery

complex in Durness. However, after the arrival of students, it has been learned that the same has been
L2adlLR2ySR RdzS (2 a2YS8S O2YYdzyArAdeQa AYyGSNylrt NBIa
planned research, the students proceeded lehaking microbrewery project as a case study for small

scale enterprises in Durness and calculated the energy demand accordingly.

As perthe receivedsketchplan (Fraser Stewart Architect RIAS RIBA Chartered Architect,,20&6)
whole microbrewery premises can be divided into two main areas: Residential area and
Bistro/brewery area(refer Appendix E The reason of this division isahthe standard energy
consumption requirements of a residential and a commercial areadéferent acording to the

Scottish building regulation3he residential areavould comprisehousing mix with serriletached
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family houses & bed flatand the bisto/brewery areawould consist obrewery building, bistro with
68 coversand other ancillary services like WCs, office, stores, kitchen, etc. Both the areas would be
physically separateds 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 sakeas according to the type bbusing (refeiApperdix B: flats

and semidetachedhouses. There would be two seghiétached housesf 100m? each and four flats

of 50m? each. The standard annual energy consumption per square meters isdiffer both types

of housing(Department for Communities and Local Government, 2013, pfd.3)2Therefore, 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 8.6 MWh(15.8+12.8).

4.3.2 Energy consumption of the bistro/brewery area

The total gross internal areaf the bistro/brewery is340m? with bistro alone having an area of 5
(Fraser Stewart Architect RIAS RIBA Chartered Architect,. Z2di@rally, bistros are restaurants with
bar facility;for calculating thennual energy consumption in théstro (coming out to be 54.75 MWh),
atypical practice value 6730kWh/m? year has been considerd®. A. Hearnshaw, 2011, p. Epr

the rest of the area in bistro/brewery (265 after considering the standard values of eger
consumption for nordomestic buildings, the total annual energy consumption has been calculated to
be 41.08 MWHDavid Shearer, 2008, p..3)

4.3.3 Electricity consumption in the brewing process

All installations in the brewingprocess utilize electricity as their power sour(@BC Brewery
Installations Ltd., 2008Y he calculations for electricity consumption in the brewing probasgbeen
performed in order to get the final annual energy consuroptior the whole microbrewerpremises
Now, the Durnes®evelopment Group LtdDDG)is planning to install an 8 barrel brewery, i.e. a
brewery with a production capacityf 1300 litres per brew. Overall, for a standard 8 barrel brewery
size, the total adctrical Ilad would be around 3KW (PBC Brewery Installations Ltd., 2008pwever,
the actual electrical load requirementin the brewing process for thmicrobrewery have been
calculatedas approximately 4RW depending orthe load details extracted from themailsexchange
between PBC Brewery Installations Ltd. @&idG Now, asuming50 weeks of beer production per
@8SIFNJI omonn KEke@SFENI gAGK H 6SS1a 2FF RAzZNAY3I / KN 2
working da too)with 2 brews per weekMonday and Thursdaydhe annual energy consumption in

the brewing process of brewery turns out to la@ound50.27 MWh, after considering special daily
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consumption profile of certain load¥his is 3&Wh/hl and falls in thedwer range of the results of a
research for Danish microbreweries where the electricity consumption was bet@8eand 106

kwh/hl with breweries using electricity for heating at the higher éddhansen)

4.3.4 Total annual energgonsumption of the microbrewery premises
After calculating annual energy consumption for both the main areas and brewing proce3afdee
10), thetotal annual energy consumptiarf the microbrewerypremisesreachesl75 MWh however

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

Area/Process in Microbrewery Premise| Annual Energy Consumption (MWh
Semidetached house 15.8
Flats 12.8
Bistro/brewery area 95.83 (54.75+41.08)
Brewing process 50.27
Total 175

TablelO: Annual energy consumption for microbrewery premises (MWh)
For detailed analysis of energy calculation for wigle microbrewery premises, refer #ippendix E

4.3.5 Daily demand profile for microbrewery premises

The total annual space heating, water heating, lighting, adtiliary 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 ofthe total energy usdor space heating, 18% for water heating, 3.1%

for lighting, and rest for auxilig loads(Jason Palmer, 2013, pp.-33). Now, in order to estimate the

REAf& RSYIYR LINPFAES T2NJ GKS SELISOGSR YAONRONBSG.
5SINBS 5FeaQ 61 LILIX A Ol o flyphastbeedJappliedt her8 askvélll- Lbakis/otherRS Y | y
than space heating have been distributed uniformly for 365 days, throughout the year. As a result, the
following graph (shown irigure21) is generatedvhich will be utilised to estimate the capacity of

micro hydro scheme being discussed in the later section of the report.
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Total Daily Demand for Microbrewery Premises (KWh)
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Figure21. 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 timeziooaraind is most important for
technical and economic consideratian/ | w! a/ h+ g | yrlorh thé dbtaimed 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 follotrirege scenarios (se€igure22). These

three scenarios are based on the following assumptions.

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

Tourem is the most important industry in Scotlafidisit Scotland, 2013)f 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 implicah of economic development on population growth is not cléidre
University of Sheffield, 2014 this scenario, we assume that to increase in economic activities, there

is a corresponding increase in population growth dhedrefore, 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.
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4.4.2 Senario 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
decreasen 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 decreasedldy 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 heatif@r 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. Itd 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.

Future Demand Projection
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Figure22: Differentscenario for future demand (own analysis)
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5 Wind Resource Assessment

5.1 Wind Project Development Methodology
In this studythe software WindPRO®3.0 by EMD International (EMD, 2016) has been used to assess

the wind potential of the proposed sites in DurneBsr the wind turbines in the proposed locations
the wind resources, energy yield, shadow effects and noise factors have been analysed during the
initial investigationsThe analysis in WindPRO® is based on the 10 years purchasendddérale
wind datawhich have been generated with the "Weather Research and Forecasting (WRF)" with small
spatial resolution and on hourly basisincludes:

9 10 years of hourly data: from 31 August 2006 to 31 August 2016 (the most updated data from

EMD)

9 The position/coordinate of the data: Longitude4.7393620° 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 WindP®®0. Thougmesoscale data from EMD is good data source, it
is strongly recommended that ceaite wind resource measurement is conducted for both proposed

locations (Loch Meadaidh & Cratft Village) fotestst one year before the project is implemented.

Loch Meadaidh
The proposed wind turbines location is near Lockalkidh to supply energy to meet Durness
community heating demandror this location, 3 different wind turbines have been modelled. Refer to

Chapter 5.1 for the detailsf@election criteria.

Craft Village

Bearing in mind that it could take a long time to reatize 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 proposdd.the village,a district heatingsystemcould be suitablesince the
population density of the area is highoreover, it is possible to supply electricity from a wind turbine

to the district heating system through a privat®nnectionand 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 sourcesSherefore small turbines have been codsired to supply the heat demand

of locals living in Craft Village.

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

considered.
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1 Wind Resource
9 Distance from residential buildings
1 Access to site
1 Access to Grid
1 Avoidance of key environmental areas
Wind resource assessmeirtvolves analysing theind regimeto estimate and calculate the power
output of acandidate site. The sitehould be acessible for ease of constructiand awa from
buildingsto reduce noise, shadow oflicker and visibility Grid accessility is equallyimportant,

distanceto the grid andts capacityshould 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 tleegision making. More details
regarding the abovenentioned 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 beemredto
define the optimum locations for wind turbines. Basically, the preliminary area identification, area

wind resource evaluation, and miesiting of wind turbines will be provided in the following chapters.

5.3.1 W.inddirection

The turbine must avoid olscles 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 productiofo determine thewind direction and
distribution, energy rose can be usefWindustry, 2017)The 10 years purchased EMD mesoscale
data have been used for the wirfitbw modelling in WindPRO®. Based on this, the parameters such

as winddirection, frequency distribution and mean wind speeds have been generated.
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Figure23: Wind Direction of the EMD Mesoscale L-tergn 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 sedfignre23 the predominant wind comes from WSW
(west south west) direction. Therefore, the turbines shouldlbeated on a site that allows good

access to WSW wirtd obtain more energy generation.

5.3.2 Mean wind speed & frequencystribution

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 vgipeled is a crucial factor affecting the

energy production and the cost effectiveness of a wind turl§fivndustry, 2017)

The wind statistics are generated by using STATGEN in WindERIO®2016)The monthly mean

wind speed graph which is shownHkigure24 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 geed is comparatively higher in the winter season than it is in the summer season.
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Figure24: Annual Mean Wind Speed (WindPRO®3.0)

Similarly, thewind speed frequency by Weibull distributiograph 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 shove ost prevalent wind speeds are betweed 6

m/s at 25m height and-® m/s at 50m height. This means that thest 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.
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Figure25: Weibull Distribution (Source WindPRO®3.0)

5.3.3 Windresourcemap

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 (Logleadaidh& Craft Village). In creating Wind
Resource Mapthe WindPRO model has considered the roughness and obst&ujese26 shows a

wind resource map for Lod¥ieadaidhsite.
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Figure26. Wind Resource Map
5.4 Turbine Selection
The Scottish wind turbine market was studied by considering turbiméerms of a size (between
60kW and 100kW for Craft Village, and betweesD0OkWand 1 MW for Loch Meadaidh) and market
availability. Due to the high meamind speedand extreme weather conditions Scottish Highlands
a turbine of Class | or Class S of International Electrotechnical Commission (IEC) Turbine cla&sification
that can withstand extreme weather conditions, is requirdRlefer toTablell for the preassessment

of turbines available on the world and UK market.

EWT offers00kW- 900kWturbines, which arenot Clasd. Siemens, Vestas, GOLDWIND (VENSUS)
and GE have no turbinesnaller than 1.5 MWThe smallest and available turbine of Class | and Class

S suitable for Loch Meadaidh site are ENERCORI®ESVand E4D00kWturbines.

A Windflow 33/500 turbine was also consideredidta 2bladed Class IA turbine with a rotor diatee

of 33.2 meters.(WINDFLOW UK, 201A)so, the seconthand market was studied for a possibility of
installing a turbine of aboub0O0Kw 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 Vesglasived turbine brands(Realise Energy Services,

2017). Vestas V3%00kWrefurbished turbine is available on the secehand market. It is a bigger

2 According tolnternational Electrotechnical Commission (IEC) Turbine classification Wind Class | and Class I
turbines are designed to work in theugh 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 tu(Bieeswables First, 2017)
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