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1 Introduction

The Department of Energy and Climate Change (2012a) states, int h e UGlikats

Change Act 2008, that a decrease of 80% in Greenhouse Gas emissions by 2050 is

required. The Department of Energy and Climate Change (2012b) has indicated in the
Governme nt ' s Renewabl e Energy Strat €02030%brat t o f
more of our electricity should come from renewable sources, compared to around

6.3% in 2011.0

The Government has introduced Feed-In Tariff (FITs), as outlined by The Carbon Trust
(2012), to incentivise growth in renewable energy sources to help meet this target. The
level of FITs/kwWh for small wind installations is accelerating growth of generation
which currently represents a small proportion (0.03%) of the total UK electricity
generation. See Figure 1

UK Electricity Generation for 2011

H 25,680GWh

5.2%
330,550 GWh
90.5%
104 GWh
15,7806 Wh 0.03%
4.3%

Total Electricity Generation (2011) 365,300 GWh
Non-Renewables (GWh/year)
m Other Renewables (GWh/year)
Total Wind (GWh/year)
Small Wind (GWh/year)

Figure 1. UK Electricity Generation T Appendix 6.1.

Small wind installations must maximise energy output to:

1 Contribute effectively to emissions reduction.

1 Maximise the return on investment of the turbine installation using the revenue
derived from FITs

This report will document a small wind turbine in Cornwall. It will outline the turbine:

1 Selection and financial case.
91 Design and installation
1 Monitoring and assessment.
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2 Method

2.1 Purpose

Candor is the site where the conversion of three traditional cob barns will create a
facility for a yoga and meditation retreat. A condition of the planning application
involved a requirement to install a number of renewable technologies designed to
ensure that the site was a net producer of renewable energy. The mainstay of the
renewable strategy is the production of electricity via a wind turbine.

This report will detail the method and outcome of the project to evaluate, select,
design, install, commission and monitor the on-going performance of the turbine.

Figure 2. Three cob and stone barns.

2.2 Design

The reportoés anal yt i dngthe siteeesergy requirements &nd e d
wind resource. From this information a turbine was selected using site specific data
and financial analysis. Once installed, the performance of the turbine was monitored
for a short period of time.

2.2.1 Site Evaluation
The site energy requirement was assessed using SAP 2005 (BRE 2012a)

The site wind resource was assessed using observation, the NOABL database (DECC
2012) and a local wind rose.

2.2.2 Turbine and Site Selection

An initial sizing for the turbine used the formula:
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Annual Turbine Output (MWh) = (Turbine capacity (kW) * hours/year * 25%)/1000

RETScreen (RETScreen 2012) was then used to assess the generation potential of
the selected turbines.

The selection of the turbine was based on MCS (Feed In Tariff) approved turbines,
capital budget, payback time, NPV and net revenue generation.

Turbine siting was assessed using the following parameters:

M Available land

1 Optimum position for wind

9 Distance from mains electricity
1 Planning considerations

1 Environmental considerations

2.2.3 Monitoring
Turbine monitoring required the following data to be collated:

1 Half hourly average power readings (kW) using Meter Online (Meter Online
2012)

Daily total generation using Meter Online (Meter Online 2012)

Wind speed vs. power (power curve). A total of 283 readings of wind speed
and power from the Gaia display panel were taken 3 times per day for 15 days.

T
1

2.3 Potential design issues

The energy assessment for the site is an approximation for the build. The full
performance of the barns will not be available until the build is complete.

A full wind site assessment was not undertaken using an anemometer/wind vane and
data logger. A proxy assessment using the NOABL database is an approximation
which is no substitute for an onsite assessment. The site, however, has obvious
potential for good wind and only retrospective measurement will give the actual energy
generation.

The monitoring equipment set up for the report is insufficient to give the best estimate
of the power curve. The next steps section outlines improvements that are required for
on-going monitoring.
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3 Results and observations

3.1 Site assessment

3.1.1 Energy requirement

The energy requirement of the 3 barns and site ancillary equipment was estimated
using the SAP 2005 method (BRE 2012a). The results are outlined in Table 1

Building Space and Water Electrical
Heating Requirement | Requirements
(MWhlyear) (MWhlyear)
Barn 1 3.5 1.5
Barn 2 6.0 2.5
Barn 3 3.5 1.5
Ancillary site equipment (water pumps, sewage 1.2
treatment etc.)
Total 13.0 6.7

Table 1. Energy Requirements for site.

3.1.2 Wind resource

The site is on the lower section of a hillside orientated towards the southwest. It has

significant wind shading from the hill to the west and surrounding trees. The
neighbouring farmer agreed to site the turbine on a section of his land towards the top

of the hill to the north east (altitude 65m and 40m above the site). It is free from hill and
tree shading. See Figure 3 and Figure 4 for details of the location, topology and

aspect.

) o .
pel f\‘lagkcuy
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EDINA Digimap

M Ordnarce
B e

Figure 3. Site and Turbine location. Edina Digimap (2012a)
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South West

North West

South East

West

North East

Figure 4. Site aspect

Empirical wind measurements were not undertaken. However, anecdotal observations of the
site over the past 2 years indicate that it is not a marginal site, with steady prevailing winds
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of west/north west. Wind data from the NOABL database for the 1 km grid centred on the
turbine site grid reference SW 87 49 (marked in green) and an indicative wind rose is
outlined in Table 2 and Figure 5 respectively.

Wind speed at 45m above ground level (agl) (in m/s)

6.8 6.6 6.7

6.9 6.6 6.5

6.8 6.4 6.3
Wind speed at 25m agl (in m/s)

6.2 5.9 6.1

6.3 5.9 5.8

6.2 5.7 55
Wind speed at 10m agl (in m/s)

55 5.3 55

57 5.2 51

5.5 4.9 4.7

Table 2. NOABL wind speeds estimate for grid reference SW 87 49.

Periodic Wind Rose North Cornwall DC 30/06/2004 24:00-30/09/2004 24:00
Station:North Cornwall DC AVG:1 Hour

40
30 30
20 20
10 1.0
0 0.0
Scale[%] W.Sp [m/s]

Calm:0%

Figure 5. Wind rose from a location approx. 30 miles north east of the turbine site. (North Cornwall
DC 2008). 90% of the wind blows from the north to south via west.

Due to the aspect of the site (i.e. altitude, no obstacles within 50m and north to south
via west facing), there is good reason to assume that the NOABL data and wind rose
are reasonably accurate and confirm the observations.
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3.2 Evaluation and selection of a turbine

3.2.1 Sizing of wind turbine.

Section 3.1.1 outlined the energy requirements of the site. A ground source heat pump
(GSHP) is an option for space and DHW heating given that the turbine will produce
renewable electricity. Assuming a GSHP coefficient of performance (COP) of 3.0 the
total site electricity requirement is calculated in Table 3

Requirement Heat Electrical
(MWh/year) equivalent
(MWh/year)
Space heating 13.0 4.4
Other electricity (building and ancillary) 6.7
Total 13.0 11.1

Table 3. Total electricity requirements. Space heating converted at a COP of 3.0.

Figure 6 shows turbine annual outputvs.t ur bi ne capacity using the
thumbo formul a:

Annual Turbine Output (MWh) = (Turbine capacity (kW) * hours/year * 25%)/1000

Estimated Annual Generation

30

25 _

20 /

15 /

10 / Output

4 5 6 7 8 9 10 11 12
Turbine Capacity (kW)

Turbine annual generation (MWh)

Figure 6. Estimated annual generation

The estimation shows that a turbine of more than 6kW capacity would potentially yield
in excess of the required annual site requirement of 11.1MWh providing the generation
was matched to load.
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3.2.2 Turbine Selection i Short List.

Available MCS approved turbines (eligible for the feed in tariff - FITs) with rated
capacity above 5 and less than 15kW are listed in Table 4.

Turbine Rated Capacity
(kW)
EVANCE R9000 5
XZERES 442SR 10
Aircon 10S 10
Bergey Excel 10 10
Eoltec Scirocco 6
C&F Green Energy 11
Gaia 133 11
Kingspan Wind (Proven) 6

Table 4. MCS Approved turbines. Capacity 5-15kW. Above 15kW would be too large and the FIT
drops making the payback time less than a turbine just less than 15kW.

The installed cost of the above turbines is between £35,000 and £100,000 (excluding
VAT).

The list was shortened to the Gaia 133 (11kW) and Aircon 10S (10kW) based on:

Both turbines fell within the project budget of £50,000 i £100,000

10 - 11 kW will more likely match load with generation and ensure the site can

use a higher proportion of renewable electricity at lower wind speeds. Hence

reducing reliance on grid import.

9 Larger turbines (up to 15kW) yield shorter paybacks on capital within the FIT
1.57 15kW band

91 Both turbines are predominant in Cornwall and well supported.

T
T

3.2.3 Turbine Selection i Final

The final selection was based on site specific parameters for each turbine which
assessed:

1 Generation potential
9 Financial criteria

1. Generation Potential

The power curves for each turbine are summarised in Figure 7 and Figure 8.

Candor Gaia Wind Turbine Report Page 10 of 30



Aircon Power Curve
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Figure 7. Aircon Power Curve i see appendix 6.2.1.

Gaia 133 Power Curve
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Figure 8. Gaia Power Curve - see appendix 6.2.2.

RETScreen (RETScreen 2012) was used to estimate the annual energy output for
each turbine. The parameters used are outlined in appendix 6.3.1 and 6.3.2 and
summarised in Table 5.

Parameter Value/reference

Power curve data See appendix 6.2.1 and 6.2.2
Wind speed data: 5.2 m/s at See Table 2

10m

Wind share exponent 0.14

Shape Factor 2.0

RETScreen method Method 2
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Parameter Value/reference

Hub height 18m

Weather Data Camborne station (from RETScreen database)
Aircon technical data Aircon (2012).

Gaia technical data NREL (2012)

Losses assumed to be 0 0%

Availability assumed 95%

Table 5. RETScreen Energy Generation Parameters

RETScreen uses the power curve and site wind data to calculate the annual energy.
The RETScreen results are summarised in Table 6.

Value
Parameter i i
Aircon Gaia
Wind speed at hub height (m/s) 5.6 5.6
Capacity Factor (%) 34.8 41.5
Specific yield (KWh/m?) 690 301
Gross annual energy (MWh) 32 42
Annual electricity exported to grid (MWh) | 30 40
(allowing for an availability of 95%)
Annual carbon saving (metric tons) @ 15.7 21.0
0.524kg/kwh.

Table 6. RETScreen results

2. Financial Assessment

Both turbines were assessed for capital, revenue and expenditure. See Appendix
6.4.1,6.4.2 and 6.4.3.

Using the capital costs and annual electricity generation (see Table 6), the estimated
payback time and NPV for both turbines are presented in Figure 9, Figure 10, Figure
11 and Figure 12.
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Payback - Gaia
300,000
/7
250,000 —Turbine accumulated
net cash
200,000 /
£ 150,000 / // Capital repayment
100,000
/ / - Net Cash after
50,000 _ / repayment
0 __-%I | | | | | | | | | | | | |
123456 7 8 91011121314151617181920
Year
Figure 9. Gaia payback time.
NPV - Gaia
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Figure 10, Gaia NPV
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Payback - Aircon
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Figure 11. Aircon payback time
NPV - Aircon
100,000
80,000 \\
60,000 \
40,000
£ \
oo \ "
0 T T T T T T T T T T T T T 1
-20,000 ~—
-40,000
=S O - - - S - - - - O - - SO
~ M st W W M~ 00 O O «— o~ o=t W
— — — — —i —i —
Rate
Figure 12. NPV Aircon
Table 7 summarises the financial assessment.
Value
Parameter i i
Aircon Gaia
Capital cost (£) 82,351 91,577
Revenue after expenses and capital 79,777 173,134
repayment (20 years life) (£)
Payback time. (Years) 14 11
NPV (%) 10.5 135

Table 7. Summary of financial assessment.
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Although the capital cost of the Gaia is 12% more than the Aircon, the Gaia has the
best net revenue, payback time and NPV due to its larger blade size and therefore
larger energy output.

For the above reasons, the Gaia was chosen over the Aircon. (And the turbine looks
great! See Figure 14.)

3.3 Design & Installation of the turbine

3.3.1 Siting considerations
1. Access to grid and transformer upgrade.

The site has single phase which could practically be upgraded to 3 phase. The
transformer was upgraded from single phase 25kVA to 3 phase 50kVA.

The turbine required a cable run of 440m of 25mm 4 core SWA cable. (see Appendix
6.5 for cable loss calculations). Figure 13 shows the cable run to the 3 phase
consumer board.

50 m north
of hedge
and 5m out
from the
fence

Figure 13. Cable run from turbine to 3 phase consumer board.

2. Environment considerations.

The turbine was sited over 500m from the nearest neighbour and 54m from the
nearest habitable Cornish hedge.

The Local Authority Environment Health confirmed that the nearest neighbour would
not be impacted by the turbine noise. A Local Authority EIA Scoping report confirmed
that there was negligible environmental impact and a full EIA would not be required.
Siting the turbine over 50m from the hedge negated the need for a Bat survey.

3. Planning permission.

There were no major planning considerations. There were no objections from formal
consultees such as communications, heritage etc.
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3.3.2 Installation

Access to the site for turbine delivery and installation equipment was from the east
across the farmerdés field. Fortuitously, the
remained hard packed thus negating the need for a hard road to be constructed.

Figure 14. Releasing the crane.

3.4 Monitoring

The turbine was monitored for a period of 15 days after installation. The following data
was collated:

1 Half hourly average power readings (kW)
1 Dalily total generation
1 Wind speed vs. power (power curve)

3.4.1 Half hourly average power readings

Half hourly average power readings were uploaded from the turbine generation meter
to the Meter Online website on a daily basis (Meter Online 2012). Figure 15 shows the
readings for each % hour averaged over 15 days. The green line represents the daily

average required to reach the annual target generation of 40MWh. The red line is the

current average.
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Figure 15. Measured ¥z hourly average power generation

3.4.2 Energy Generation

Daily generation readings were uploaded from the turbine generation meter to the
Meter Online website (Meter Online 2012). Figure 16 shows the readings for each day.
The green line represents the daily generation required to reach the 40MWh/year
target. The red line is the current average daily generation.

150 Daily Energy Generation
160
140
120
= 100
E 80 = Production
60 Average
40 ——=Target
20
0 T T T T T T T T T T T T T T
L - b - o> > > > S S5 S SOS
2 2 22 a2 m 8 8t 8 5 5 5 523 3 33
SESESSSSS 223258555
oo‘—ummgﬂgnoﬁdmo‘:’”””

Figure 16. Daily total generation.

Figure 17 shows the actual cumulative generation as a percentage of the target.
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Figure 17. Cumulative generation as a % of target.
Afterl5 days the turbine had produced 75% of the accumulated target.

3.4.3 Power curve

Over 15 days, a total of 283 wind speed versus power readings were taken from the
turbine display panel. Figure 18 compares the readings with the published power curve
(NREL 2012).

Figure 18. Measured compared with published power curve.

The measured curve was higher than the published curve at wind speeds less than 8
m/s.

Measurements were registered below the cut in speed of 3.5 m/s. Due to the large
swept area, once the turbine has cut in, it is able to maintain momentum and provide
useful energy at wind speeds as low as 2.5 m/s.

From the power curve, RETScreen is able to model the predicted annual energy and
average annual power as a function of wind speed. Figure 19 compares the results
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