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EXECUTIVEUMMARY

This report summarises the full findings from taacraftWarwick Wind Trials Project covering 168950
hours of operation of 26 building mounted wind turbines from fiwanufacturers across the UK during
2007-2008. These turbines were mounted on sites ranging from theoretically poor (single storey urban
buildings) through to theoretically excellent (45m tall exposed flats in isolated settings on hilltops).

The objectivedn setting up the trial were to see how grid connected microwind turbines perform on a
variety of building types and to see if any patterns emerged that could provide a helpful guide to potential
purchasers and also help manufacturers and installers diheit sales and marketing efforts

appropriately.

Important caveat

Nontechnical readers should be aware that the findings of this report apply only to currently available
models of buildingmounted wind turbines, designed for connection to the nationgtid. As anyone

who knows anything about wind power will attest, urban environments and building mounting is
probably the most challenging context in which to try to make wind power work, and the findings of
this study cannot be generalised to largecak wind, nor to freestanding wind of any size mounted on
poles or masts well away from obstructions. All the evidence (and theory) is that wind power is an
excellent and highly effective choice for such conditions, which exist widely across the UK away from
buildings and towns.

Trial results

The average energy generated per turbine per day across the sample set has been 214 Wh (including
times when turbines were switched off for maintenance or due to failures). This is equivalent to an
average of 78 kWh ofrergy produced per site per year and an average capacity factor of 0.85%. (This
compares to typical capacity factors of between 10% and 30% for larger turbines on free standing sites in
good areas).

If the results are adjusted to exclude data from periadgen turbines were switched off or broken the
average energy generated per turbine per day rises to 628 Wh (230kWh per year equivalent) and an
average capacity factor of 4.15%.

Of particular note is that turbines on our high rise sites, Eden, Ashton ariidn Court were able

generate as much energy in one month as other turbines in the trial did in one year. It is unfortunate that
these high performing turbines had to remain switched off for the majority of the trial following
complaints about noise frorthe building residents.

The best performing turbine in the trial generated an average of 2.382 kWh per day when in operation,
equivalent to 869 kWh in a full year. The poorest site generated an average of 41Wh per day when in
operation or 15 kWh peryeags KA OK A& f Saa (KIy GKS SySNBe& Ald O2)

Energy consumption averages 80Wh per day per turbine (29kWh per year) which is significant on some
sites.
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Wind speed and power curve data available to predict performance isamgtaccurate and requires
significant adjustment to generate predictions that fall within error ranges é5f6. Using unmodified
wind speed data by postcode from the national NOABL model and manufacturer power curves for
turbines can lead to overestimatj likely energy output by factors of between 15 and 17. Buyers should
beware.

Overall the trial has painted a picture of an industry and technology that is still at development stage and
is likely to make a tangible contribution to energy and carbon gawitly on the most exposed sites and
tallest buildings. The combination of this reality, aggressive andaptEmistic marketing by some

suppliers, and the enthusiasm and credulity of the market (and regulators) has potentially led to an
unfortunate outcane where the wind industry as a whole is in danger of suffering from a setback in
credibility.

The evidence form this trial is that such potential setbacks can be avoided in future by greater openness
by the industry as a whole, and more effort to eductiie market and opinion formers about the
fundamental science and challenges of new technologies earlier. ¥ictmologies need not fear

customer resistance, because there are plenty of early adopters out there willing to give things a go.
Sustainable tehnologies and a sustainable future require customers who are properly informed and able
to take individual decisions that are both economically optimal and environmentally sustainable. Without
open data this is impossible.
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1. INTRODUCTION

This document is the final report from the Warwick Wind Trials Project. The purpose of this report is to
present a complete picture of the trial, from first beginnings to final analysis and conclusions. We have
collected a total of 168,950 hours of data from 26 sites across the UK during the year from October 2007
to October 2008.

We start with a brief history of the trial followed by a summary of turbine sites, including information on
equipment and instrumentation inatled. We describe our data collection methods and the challenges
encountered during data collection, both with the instrumentation and with the turbines.

We then present findings and data analysis, firstly looking at measured wind speeds in comparison to
industry recognised methods for predicting wind speeds, including the NOABL wind speed database and
the Weibull probability distribution function. We explore the idea of using scaling factors for NOABL as
presented in the Microgeneration Certification 8afe industry standard (MIS 3003) and suggest
improvements for these together with proposed scaling factors for the Weibull shape factor.

We analyse energy data by comparing measured generation with predictions for output based on
manufacturer supplied powecurves. The two major factors affecting accuracy of energy output

predictions are highlighted as the accuracy of wind speed predictions and the accuracy of manufacturer
supplied power curves. Manufacturer supplied power curves are further analysed emnateuct power

curves using our own data. Finally in this section we present two different ways of calculating capacity
FILOG2NAR 6KSNB (KS GLISNFSOG Ay dzasSé OF LI OAGEe FI O
ignores imported energy, whilethie OG dzZ € Ay dzaSé¢ OF LI OAde FIFOd2NJ 0l

Conclusive findings and recommendations from the trial are outlined in the final section of this report.
This is followed by a series of appendices including individual site sunsimsets outlining the headline
figures for each site.
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2. TRIAL OVERVIEW

This report summarises the findings from the performance study of building mounted wind turbines
carried out as part of the Warwick Wind Trials Project. The other aspect of the Warwick Wind Trials (a
study of community reactions to wind turbines is cowtit®y a separate report not funded by BRE). The
objectives in setting up the trial were to see how microwind turbines perform on a variety of building
types and to see if any patterns emerged that could provide a helpful guide to potential purchasers and
also help manufacturers and installers direct their sales and marketing efforts appropriately.

The initial concern was to identify a good mix of sites, and to instrument them with straightforward
monitoring and logging equipment to monitor energy flows andrage wind speeds. We did not set out

to monitor wind direction, turbulence, noise or structural impacts. The benefit of this approach was that it
enabled us to cover a larger number of sites for the same budget, and to identify major issues and
questionsthat could then be addressed in more detail by manufacturers or in more focused follow up
research if appropriate.

All the turbines in the trial are grid connected and owned by individuals and organisations who have
bought them commercially from one df/é UK suppliers of buildingounted wind systems. This ensures
the trial results reflect market realities as far as possible.

2.1.Summary of sites

The following pages present information about each turbine site including
NOABL wind speed estimate
Number ofhours of data collected

Mounting type

= =2 =4 =2

Turbine type
1 Instrumentation type

Information on the data that has been collected from each site can be found in Appendix A.
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1. Lillington Road

Lillington Road is a semi detached Victorian property. It is hig
insulted with a low annual electricity demand and now has bg
solar thermal and solar PV panels installed.

NOABL wind speed estimat 5ms*at 10m ag|

Hours of data collected 8275
Mounting type: Pole mounted to gable end
Turbine: Ampair 600 230

Inverter: Sunny Boy SB700

Schiltknecht Meteo, Type:

Anemometer: £555 118

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162

2. Hill Close Gardens

Hill Close Gardens is a single storey building heated by a gro
source heat pump. Thirbine on a 4m tilting mast mounted
next to the building and linked to the building foundations.

NOABL wind speed estimat 4.5ms" at 10m

Hours of data collected 8612
Mounting type: Pole at edge of flat roof
Turbine: Ampair 600 230

Inverter: Sunny Boy SB700

Schiltknecht Meteo, Type:

Anemometer: £5551.18

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162
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3. Princes Drive

t NAyOSa 5NARAGS Aa [SIYAy3idzy
installation is an example ofiounting wind turbines on small
industrial units.

NOABL wind speed estimat 4.9ms' at 10m

Hours of data collected 5489
Mounting type: Pole at edge of pitched roof
Turbine: Ampair 600 230

Inverter: Sunny Boy SB700

SchiltknechMeteo, Type:

Anemometer: £555 118

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162

4. Birds Hill

This turbine is installed on a modern detached house and is
mounted on the gable end. There is a large open field to the
south west of the property. To theorth of the house is an urbat
area.

NOABL wind speed estimat 5.1ms" at 10m

Hours of data collected 9995
Mounting type: Pole at gable end
Turbine: Eclectic StealthGen 400

Inverter: Mastervolt Soladin 600

Schiltknecht MeteoType:

Anemometer: £555 118

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162
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5. Eden Court 1

Eden Court is a fourteen story block of flats in Leamington Sp
The turbine is mounted on a non penetrating flat roof mount tf

is held onto the roof byallast.

NOABL wind speed estimat

Hours of data collected
Mounting type:
Turbine:

Inverter:
Anemometer:
Data logger:

Wattmeter:

6.4ms' at 45m

6844

Non-penetrating pole on flat
roof

Ampair 600 230
Sunny Boy SB700
NRG #40 calibrated
PaceScientific XR5

Iskraemeco ME162

6. Leicester

This turbine is at a residential urban site in Leicestershire. Th¢
turbine is mounted on a free standing pole that is positioned
close to the house as seen in the photo.

NOABL wind speegktimate:

4.7ms' at 10m

Hours of data collected 8405

Mounting type:
Turbine:
Inverter:

Anemometer:

Data logger:

Walttmeter:

Pole at gable end
Zephyr Air Dolphin

Windy Boy LG1100

Schiltknecht Meteo, Type:
f.555.1.18

Novus LogBox DA

IskraemecdVE162
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7. Southorn Court 1 Southorn Court is a seven storey block of flats. Like on Eden

Court the turbine is mounted on top of a 5 meter pole held do
by ballasting the base of the mount.

b NOABL wind speed estimat 5.8ms1 at 25m

Hours of datacollected: 8390

Non-penetrating pole on flat

Mounting type: roof

Turbine: Ampair 600 230

Inverter: Sunny Boy SB700

Schiltknecht Meteo, Type:

Anemometer: f5551.18

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162

8. Ashton Court 1 Ashton Court is the same design as Southorn Court and sits

200meters west of Southorn court. The height of the building
about 30meters above ground level.

NOABL wind speed estimat 5.8ms1 at 25m

Hours of data collected 6817

Non-penetrating pole on flat

Mounting type: roof

Turbine: Ampair 600 230

Inverter: Sunny Boy SB700
Anemometer: NRG #40 calibrated

Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162
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9. Napier This turbine is being monitored by Napier University. fitie
height is approximately 2m above a flat roof. The building is
around 25m tall but it is surrounded by other tall buildings.

NOABL wind speed estimat 5.6ms' at 10m

Hours of data collected 7434

Mounting type: Pole at edge of flat roof
Turbine: Ampair 600 230

Inverter: Sunny Boy SB700

Schiltknecht Meteo, Type:

Anemometer: f5551.18

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162

10. Daventry Town Hall The Civic Centre is in the centre of Daventry. The wind turbin
installed on the civic centre building at about 15 meters above
ground level and 2 meters above the roof line of the building.

NOABL wind speed estimat 5.4ms'at 10m
Hours ofdata collected: 7557

Mounting type: Pole at gable end
Turbine: Windsave WS100

Inverter: Windsave plug and save

Schiltknecht Meteo, Type:

Anemometer: f5551.18

Data logger: Novus LogBox DA

Wattmeter: Iskraemeco ME162
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11. Ashton Court 2

This ighe second turbine mounted on Ashton Court.

NOABL wind speed estimat

Hours of data collected
Mounting type:
Turbine:

Inverter:

Anemometer:
Data logger:

Wattmeter:

5.8ms! at 25m

6719

Non-penetrating pole on flat
roof

Ampair 600 230

Sunny Boy SB700

SchiltknechMeteo, Type:
f.555.1.18

Novus LogBox DA

Iskraemeco ME162

12. Southorn Court 2

This is the second turbine mounted on Southorn Court

NOABL wind speed estimat

Hours of data collected
Mounting type:
Turbine:

Inverter:
Anemometer:

Data logger:

Walttmeter:

5.8ms1 at 25m

7705

Non-penetrating pole on flat
roof

Ampair 600 230

Sunny Boy SB700

Schiltknecht Meteo, Type:
f.555.1.18

Novus LogBox DA

Iskraemeco ME162
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13. Daventry Country Park

The country park installationas been installed as an education
demonstration project for visitors to the park and for school
children.

NOABL wind speed estimat 4.8ms' at 10m
Hours of data collected 6720
Mounting type: Pole at gable end
Turbine: Windsave WS1000
Inverter: Windsave plug and save
Anemometer: NRG #40 calibrated
Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162

14. Fountain Farm

Fountain Farm was one of the first installations of the Amgad
230. The turbine is installed on a pole that is about 12meters
above ground level and about 5 meters above the roof line.

NOABL wind speed estimat 5.3ms' at 10m

Hours of data collected 7726
Mounting type: Pole at edge of flat roof
Turbine: Ampair 600 230
Inverter: Sunny Boy SB700

Anemometer: NRG #40 calibrated

Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162
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15. Misty Farm

Misty Farm is our test reference site for the urban wind trial. T
site has been selected for its good rural location, close to the
on top of a hill with very little obstructions to air flow.

NOABL wind speed estimat 6.3ms" at 10m

Hoursof data collected: 7623
Freestanding pole reference
site

Turbine: Ampair 600 230

Mounting type:

Inverter: Windy Boy WB700
Anemometer: NRG #40 calibrated

Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162

16. Eden Court 2

This ighe second turbine mounted on Eden Court

NOABL wind speed estimat 6.4ms" at 45m

Hours of data collected 6865

Non-penetrating pole on flat
roof

Turbine: Ampair 600 230

Mounting type:

Inverter: Windy Boy WB700
Anemometer: NRG #4@alibrated
Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162

Copyright® Encraft 200

Pagel3




encroft

17. Tannery Court

Tannery Court is a retirement home in the West Midlands. Th
turbine is mounted off the fourth floor and is 3 meters above t
roof line. In total the turbine i48 meters above ground level.

NOABL wind speed estimat 4.8ms' at 10m
Hours of data collected 5241
Mounting type: Pole at edge of flat roof
Turbine: Ampair 600 230
Inverter: Windy Boy WB700
Anemometer: NRG #40 calibrated
Data logger: Pace Scientific XR5

Wattmeter: Iskraemeco ME162

18. Nottingham

This turbine is being monitored by Nottingham University. It ig
mounted on their purpose built turbine monitoring platform.

NOABL wind speed estimat 4.7ms1 at 10m

Hours of datacollected: 9552
Mounting type: Pole at edge of flat roof
Turbine: Zephyr Air Dolphin

Inverter: SMA Windy Boy 1100LV

RM Young Wind Monitor
(05103)

Data logger: SMA Sunny WebBox

Anemometer:

Wattmeter:
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