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Summary 

Hockerton Housing Project (HHP) has 

developed its renewable energy systems in two 

phases. This factsheet covers the second phase: 

the erection of a second wind turbine and 

second array of photovoltaic panels.  We 

erected a 5kW Evance Iskra wind turbine in 

early 2005 to complement the original 6kW 

Proven. In February 2012 HHP installed a 

second photovoltaic array of 6kWp. The wind 

turbine was almost entirely funded by grants 

whereas the photovoltaics were purely resident 

funded. These additions have enabled HHP to 

produce as much electricity as the houses 

consume over a year period. 

The wind turbine was expected to produce 

around 12,000 kWh annually (predicted by the 

manufacturer’s literature – reality was different), 

whilst the roof-mounted photovoltaics a further 

5,150 kWh. Both new systems like the old 

systems are grid linked, which will allow for 

both import of energy during periods of supply 

shortfall, and export for periods of excess energy 

production. Our target was for the energy 

generated to match the energy consumed over 

the year by all five homes and trading business 

operating from the Sustainable Resource Centre 

(SRC). A new target is to generate enough 

energy for the residents to be able to charge 

electric cars on site, should they wish. 

 

 

 

 

 

 

 

 

 

 

 

 

Following the installations of the Proven wind 

turbine and the photovoltaic panels on the roofs 

of the houses, it became clear that there was a 

gap between our energy production and 

consumption. Biding our time we installed more 

renewables when the financial environment was 

right. By the end of 2012 we met the 

autonomous and net zero CO2 home standards 

set out in Government Information report GIR 

53. 

With four different installations in place we have 

the capability to compare and contrast different 

renewable energy technologies. For instance we 

can look at the variations in power output from 

two different makes of turbine on the same site 

and how advances in photovoltaic technology 

have changed efficiency. We can also report on 

the change in efficiency of the PV panels over a 

long period of time.

6.2 
TECHNICAL FACTSHEET 

Energy Generation (Part 2) 

 (Choice of Materials) 
An autonomous house can be defined as 
“A house operating independently of 
any inputs except those of its 
immediate environment.” At Hockerton 
we aim to achieve this by having 
various renewables which complement 
each other, namely photovoltaic panels 
and wind turbines. We are thus able to 
make use of our local natural and 
abundant resources. This reduces our 
carbon footprint and minimizes the 

greenhouse gasses we release. 

“Being energy efficient is so… empowering! 

Knowing that the energy used when I boil the 

kettle for a cup of tea, or blow dry my hair, is 

being produced on site, in a sustainable and 

carbon free way, makes me wonder why more 

people don’t do it. I still plug appliances in to 

sockets in the wall, it’s still that easy. Yet if I walk 

down the road a couple of hundred meters, I can 

sit at the base of the turbines, compare the two 

feats of engineering and listen to their quiet, gentle 

hum. From my bedroom window I can hear the 

regular click of the meter, clocking in another watt 

hour, another unit of energy. For me, generating 

clean, good energy is a no brainer.” 

(Resident, Naomi Tilley, 18) 

 
The Two wind turbines: the Proven 

(left) and the Evance Iskra (right) 



   

Introduction 

In the next few pages first the Evance 

ISKRA R9000 wind turbine and then the 

Photovoltaic system on the roof of the 

SRC  are described. For each we look at 

the Planning process, System design, 

Installation, Maintenance, Technical data 

and Costs. Then we review  their 

performance in the monitoring and 

analysis section. Here all our renewable 

energy systems on are compared. Finally 

conclusions are drawn, general advice is 

given and further reading suggested. 

 

Evance Iskra R9000 Wind Turbine 

Summary 

The Evance ISKRA R9000 wind turbine was 

erected 30m south west from our original Proven 

turbine to complement its output. It was 

commissioned and operational in October 2004. 

As the two turbines are in a very similar location 

it is possible to make some interesting 

comparisons 

Planning Process 

Compared to the initial wind turbine’s planning 

application this was much quicker. The first 

turbine, the Proven, took 4 years, 4 applications 

and 3 appeals before planning permission was 

granted, in contrast the Evance Iskra went through 

the planning process very quickly, taking just one 

application which was submitted in November 

2003 and was granted on 25
th

 February 2004 by 

Newark and Sherwood District Council. 

Included in the application were the results of the 

noise measurements carried out by Derbyshire 

County Council Environmental Health 

Department on a similar machine in Ashbourne. 

The measurements were carried out 200m away 

from a demonstration Iskra AT5-1. The report 

showed that background noise levels were 35.5 

dBA with both the turbine on and off indicating 

that the noise of the wind turbine is immeasurable 

from that distance.  

Also included in the application was a review of 

the affects of potential shadow flicker on 

neighbouring properties. Sun path diagrams were 

used to determine the positions of the shadows 

(assuming no obstacles and sufficient sunlight). 

On the closer non-involved dwelling there would 

be no effect and on the only other nearby house 

there could be a possible shadow for just 2 weeks 

of the year. However, this house was screened by 

trees. 

 

 

 

 

 

 

 

 

The difference between the first and the second 

turbine in terms of ease of the planning process is 

worthy of note; We believe this was probably due 

to the local people having more knowledge and 

understanding of the impacts a turbine would have 

and being much less concerned about negative 

implications. Interestingly in 2009 planning 

permission was sought by a village group for a 

larger scale wind turbine in the parish, a 225kW 

Vestas V29 machine. This application 

demonstrated the next step in community 

engagement with many local people investing in 

their own generator. The Vestas machine is a 

subject of another HHP factsheet. Its seems that 

first hand experience has led local people to have 

a better understanding of what a wind turbine’s 

impacts are and are less averse to the idea. A map 

showing Newark and Sherwood District’s wind 

turbines in 2013 can be found in Newark and 

Sherwood Landscape Capacity Study  

for Wind Energy Development: This shows many  

wind turbines and is in stark contrast to our 

original, solitary Proven at HHP.  

The photomontage showing the proposed second wind 

turbine, barely visible on a typical cloudy day 



   

 

Planning Summary 

 

Application 

Ref 

Officer 

recommendation 

Date Result Appeal 

03/02767/FUL Yes Nov 03 Approved  

Feb 04 

n/a 

 

Notes 

• Noise limited to 35.5 dB outside 200m radius 

• Turbine to be no closer than 200m from nearest 

uninvolved dwelling. 

• Colour and external finish of mast and blades 

submitted and approved 

• Village meetings attended. 

Connection Agreement 

Connection agreement obtained 31/08/04 from 

E.On. E.On was our District Network Operator 

DNO. 

 

  

System Design        -------------------------------------------------------------------------------------- 

The Iskra wind turbine and the second 6kW 

photovoltaic array were designed and installed to 

bring our total energy generation up to the same 

level as the site’s total domestic and business 

energy consumption and to complement the 

previous wind turbine and solar panel array. The 

combination of different renewables means that 

we use our natural resources as much as possible. 

Due to seasonal variation in wind and sun our 

combined systems also help to balance 

production. For example on sunny days it is often 

not very windy so we primarily use the PVs 

whereas mid winter, the wind turbines are more 

productive compared to the solar panels.    

The Iskra wind turbine is designed for domestic 

and small scale commercial use. Iskra is a local 

company, based in Loughborough. Hockerton 

Housing Project received the company’s first sale 

having previously only installed a demonstration 

turbine in Derbyshire. 

The turbine is designed to have high output in low 

wind speeds and thus the number of practical 

locations for the turbine is higher. The blades now 

have a 5.5m diameter and have a passive pitch 

control system which allows the blades to change 

angle automatically and therefore are at optimum 

angle for low wind speeds and do not become 

overloaded in high winds speeds.  

The turbine is oriented upwind and is kept in the 

wind by a tail vane. (Unlike the Proven which is a 

down wind machine.) 

The turbine has no gear box and the generator is 

designed to work at a low RPM so can therefore 

be directly driven by the rotor. The lack of a gear 

box increases efficiency, decreases noise and 

potential maintenance issues. The machine also 

has an electro dynamic break which can be used to 

stop the turbine for maintenance or to stop 

overloading in exceptionally forceful winds.  

Key features of HHP ‘Evance Iskra’ wind turbine 

• Rated power 5 kW  

• Blade diameter initial 4.8m – new blades with 

5.5m diameter installed in March 2007 

• Tower - 26m high, guyed ( 3 sets of 4 wires) 

tube tower with gin pole 

• Ground anchors instead of weights 

• Grid linked 

• Gear box free 

• 340V three phase  

• Wild AC output into two grid linked SMA 

inverters 

 

Key Benefits (from supplier) 

• Iskra R9000 starts generating at very low 

wind speeds and continues to run in high 

wind speeds, providing maximum yield 

possible. 

• With few moving parts, in particular no 

gearbox, maintenance is minimal. 

• Very quiet and efficient due to permanent 

magnet generator.  

Typical Applications (from supplier) 

• Domestic energy uses (including remote and 

rural communities) 

• Domestic and Small commercial premises 

• Battery Charging or mains supply 

• Water and space heating 

 

 



   

 

Original HHP estimates of energy use and production 

• Estimated house use 15 000 kWh per year all 

5 houses (3000 kWh per yr per house) 

• Annual Energy Output (AEO) kWh estimated 

using  

AOE= pi x radius x radius x power density 

x efficiency x hours in a year 

• Power density = 250 to 270 W/m
2
 from tables   

• Typical AOE=3.14 x 2.4
2
 (m

2
) x 270 W/m

2
 x 

0.2 x 8760 hr = 8 556 kWh per year 

(Assumes mean wind speed of 6.2 m/s at 26m 

height, wind speed predicted using the 

NOABL database). With new blades 2.75m 

radius, the predicted AEO is  12 163 kWh per 

year. 

 

Iskra Evance R9000 Installation Images 

 

 

 

 

 

 

 

 

The Gin Pole 

 
 

Arrival of parts 

 

Contemplating the task ahead  

 

Back of the van job! 

 

Turbine nacelle is installed! The tower is erected 

The Proven and Iskra at sunrise 

 
 



   

Iskra Evance R9000 Costs and Funding 

 

Component 
Cost 

(£) 
Notes 

Evance Iskra Wind Turbine (AT5-1) now called R9000 7633  All cost are 2004 

Tower (26m) + gin pole & rigging 6250   

Grid connection kit (including 2 SMA inverters & 

rectifier) 2980   

Building materials:-concrete, reinforcement etc 650   

Electronic performance displays (NRG Explorer, 

Dataplug, electronic notebook) 2148 Extra wind monitoring equipment 

Performance display (cabinet/ interpretation boards) 83  

Winch (to enable raising and lowering the tower) 400   

Delivery 195   

Installation of foundations 1050   

Turbine installation, including power cables 1400   

Installation of inverters and grid connection 300   

Commissioning 400   

Grand Total 23489 Excluding VAT 

The turbine was funded from multiple sources; 

HHP members (£5518) with the remainder 

coming from 3 grants. These were Clear skies, 

Seed Programme and Scottish Power green energy 

trust. 

 

Maintenance 
The wind turbines should be serviced annually, 

and can be lowered using heavy machinery and 

the gin pole.  

There has been minimal ongoing maintenance 

needed but some one off requirements have 

arisen: 

• Replacing an inverter 

One inverter stopped working and 

a fault couldn’t be found so a 

replacement one had to be 

installed. This cost £300 direct 

from SMA the manufactures and 

was completed in October 2010. 

• Replacing the Mains Circuit Breaker 

(MCB) 

The MCB began tripping, at first 

infrequently and then increasingly 

often, until it became almost 

unable to stay on – tripping about 

once every 5 minutes. The MCB 

seemed to have had loose wires 

possibly due to electrical 

vibrations. After the MCB was 

replaced the trips ceased. This was 

completed in January 2014 

 

As well as this maintenance there have also been 

some upgrades on the Iskra. These were not 

essential and were initiated by Iskra rather than 

HHP. 

• Reset pitch angle and break mechanism 

(August 06) 

• New longer Blades 5.5m diameter and new 

generator (13
th

 March 2007) 

• Replaced blades with new shape, replaced 

some of the guys and fitted the 

anemometer. (August 09) 

 

Technical Data  
• Current model type: R9000 

• Power rating = 5kW 

• HHP’s Estimated Annual Energy Output 

(AEO) = 8,556kWh (Assumes mean wind 

speed of 6.2 m/s) 

• Height = 26m 

• Blade Diameter = 4.8, upgraded to 5.5m 

• Guided tower (4 guys with 3 sets) tube tower 

with gin pole 

• Grid-linked via 2 SMA Sunny Boy SWR 2500 

inverters 

• Gear-box free (less noisy) 

• 340V three phase  

• About 100m cable to tower base  

• Noise levels will not exceed 35.5dB measured 

outside a 200m radius from the wind turbine 

• The wind turbine is no closer than 200m from 

the nearest non-involved dwelling 

• Colour and manufacturer specified in planning 

permission. 

• Connection agreement obtained 31/08/04 from 

our District Network Operators (DNO) 

• Erection -Turbine 2 full days for 4 people, 

including foundation system; ground anchor



   

The photovoltaics on the sustainable resource centre roof. 

 

Iskra Evance R9000 Sources of materials used 
 

COMPANY MATERIALS SUPPLIED Website/ Contact 

Wind Turbine 

Iskra Wind Turbines (Now 

Evance Wind Turbines Ltd.) 

Wind Turbine, Tower & Installation http://www.evancewind.com/ 
+44 (0)1509 215669 

East Midlands Electricity 

(now changed to Western 

Power) 

Connection Tel. 01332 393031 

Funders 

Scottish Power Green Energy 

Trust 

Shortfall Claire Doherty (0141 568 

4615) 

Clear Skies 50% of costs BRE http://www.clear-

skies.org/ 

SEED Programme Funding toward exhibition 

equipment/materials 

Managed by the Royal Society for 

Nature Conservation 

 

 

HHP 6kW Photovoltaic array on the SRC roof      -------------------------------- 

 
 

Summary 

HHP’s most recent energy generation system 

is an array of 24 photovoltaic panels on the 

roof of our SRC building which houses our 

office and audiovisual room. The PVs are 

mounted on the flat earth roof and attached to 

frames inclined at 30°; an optimal angle for 

production. The total net capacity is 6kWp 

and was installed in February 2012. 

 

Planning issues  

 

Planning permission was required in part 

because the panels were above the 200mm 

limit for planning free erection. Planning 

permission was granted easily probably 

because the site is already home to another array 

and two wind turbines, the non involved 

neighbours were unable to see the roof or even the 

building. There were no letters of objection. The 

solar panels were up and running by the end of 

February 2012. 

 

 

Application 

number 

Officer 

recommenda

tion 

Date Result Appeal 

12/00300/FUL Yes Early 2012 Approved n/a 

 

 

 

 



   

PV System Summary 

Connection Agreement 

Connection agreement obtained 16
th

 November 

2011 from Western Power Distribution, the 

District Network Operator (DNO) in 2014. 

System Description 

The PV systems consists of 24 modules each 

250Wp, (wired in series; two 12 panel sets) 

connected to two, Sunny Boy SB 3000TL-20 

inverters.  The peak output is 6 kW. 

The 6kW array installed at HHP sits on the flat 

grass roof of the SRC. This building also holds the 

inverters. 

PV Modules 

The modules being used are Hyundai Solar HiS-

S250MG. These are tested and certified to IEC 

61215 (Ed.2). The Warranty for output is 10 years 

to 90% and 25 years to 80% of minimum rated 

power. 

Inverter & Protection 

The inverters being used are SMA Sunny Boy SB 

3000TL-20. These are G83/1 type tested. They 

have a standard 5 year repair or replacement 

guarantee (3 years more than the original, house 

mounted set).  

Mounting System 

Orientation of the buildings and the arrays is 

south. All modules are mounted along the 

sustainable resource centre roof, on aluminium 

frames that are held down with concrete blocks 

and steel straps.  

Electrical Installation 

All electrical work conforms to the 16th Edition 

of the IEE wiring regulations (BS7671a) and 

Engineering Recommendation G83/1. 

 

Original estimates of energy production         -------------------------------------------------------------------------

  

• Energy required to make up the gap between 

production and consumption. Total yearly 

predicted domestic demand  in 2014 is roughly 

18,000 kWh.  Typical total output of the two 

turbines and house mounted PVs is 14,000 

kWh so the new array needs to produce 

4,000kWh per Year. 

• Annual Energy Output (AEO) kWh predicted 

by the installers = 5150kWh per year 

• Actual output has been above this prediction, 

see below for detail but 2013/14 saw 

5311kWh produced. 

 

 



   

Installation   

 

The PV system was installed on the flat grass roof 

of the SRC 7 years post construction of the 

building. It is a single story building and thus 

access to the roof is relatively easy. The panels are 

placed on geotextile material to help suppress the 

weeds. On reflection this was in adequate as some 

weeds broke through after only two years. A more 

solid type material should have been used. The 

PVs are mounted on aluminium brackets at 

approximately 30° to the horizontal. They have no 

over shading and face due south. The 

photovoltaics were installed by Well Warm Solar 

Ltd. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Further Notes 

• The PV system on the SRC roof is the 

only system on the HHP site that receives 

the feed in tariff (FIT) from the 

government the others being installed 

before this tariff was introduced. The FIT 

rate received was initially 33p per kWh, 

this is indexed linked and will thus rise 

over time. 

• Due to the nature of the building: a flat, 

earth roof and only one story with plenty 

of space around the panels no scaffolding 

etc was needed for the panel’s installation.  

The Sunny Boy Inverters 

 

The PVs with houses in the background 

 

The mounting brackets 

 

In production! 

 



   

Maintenance 

 

Regular maintenance of the PV system involves 

cleaning the panels once a quarter and strimming 

the tall grass on the roof about twice a year. Apart 

from one incident described below little other 

work is required. 

There has been one major issue that required 

attention. On 5
th

 December 2013 high winds 

resulted in some of the PV panels being blown 

over. 

The majority were unharmed and only needed re 

mounting. However, 4 of the panels near the edge 

of the roof were blown off and onto the floor. Two 

of these panels were cracked and written off. They 

were subsequently replaced. The system consists 

of two sets of 12 panels so it was possible to get 

one set going almost straight away. This set was 

working again on 22
nd

 January 2014. The second 

set with 2 broken panels was partly fixed on the 

2
nd

 February; initially run with the two panels  

 

 

missing. These two panels were replaced on the 

22
nd

 May 2014. Full production was then restored.  

The whole incident was taken up with the 

installer, Well Warm Solar Ltd. They did not help 

restore the panels to working order and were not 

insured. 

We attempted to refer the case to the installers 

governing body (RECC) but they had not kept 

records of the company’s insurance status and 

would not help us any further. Feeling let down by 

the whole assurance process and weighed down 

by the time it was taking to pursue claim we 

undertook all the repair work at our own cost. 

After the incident we increased the weights and 

added metal strapping attached to the building. 

The panels are now well secured!  

Our advice to  anyone installing a similar system 

would be to insist on seeing a current insurance 

certificate and not to put much trust in the long 

term comfort offered by warrantees.  

 

Supplier 

 Supplier Costs Warranties 

PV system and installation WellWarm Solar £11,650.00 Panels 5/10 years, 25 years performance, inverter 

5 years, labour and workmanship 10 years. 

Per house  £2330  

Per kW peak  £1942  

 
Costs and Funding 

 

The residents of HHP fully funded the capital 

purchase of the system. This was seen as a viable 

option because of the FIT. The income received 

from this was enough to enable the residents to 

accept the long term risk and tie up their money 

buying the system. They were also motivated by 

the environmental benefits. Although not directly 

related to financial savings it was thought that the 

long term health of the environment would create 

a more secure financial future.  

 

Other income is also received from export of 

electricity. The value of this is estimated. The 

payment is based on deemed export which 

assumes 50% of the energy produced is exported. 

Good Energy our supplier pays us a fixed rate for 

this.  
 

 

 

The PV system on the SRC roof is exceptionally 

cost effective. At £1942 per kWp they are much 

cheaper then the original set of PVs installed in 

August 2002 which cost £5313 per kWp. They 

also have an increased efficiency and potentially 

longer lifespan. Generally PV costs are still 

reducing!  

 

Estimating payback 

 

If we assume a cost of £11 650 an annual output 

of 5100kWh and an income of £0.37 per kWh 

(Made up of the FIT and deemed export) We 

obtain a payback period of 6 years. NB This 

ignores any potential benefit from the electricity 

we do not need to buy and any maintenance costs.

 



   

Technical Data 

• Peak output is 6kW  (250W peak from each of 

the 24 panels) 

• Estimated Annual Energy Output (AEO) = 

5150kWh  

• Two identical 3kWp PV arrays  

• Each array consists of 12 x Hyundai Solar 

HiS-S250MG modules (wired in one series 

string)  

• Orientation of the buildings and the arrays is 

South 

• Mounting System – Aluminium brackets 

inclined at 30° to the horizontal with concrete 

block weights and stainless steel strapping 

connected to the building.  

• PV’s are connected to SMA Sunny Boy SB 

3000TL-20 inverters 

• PV modules are tested and certified to IEC 

61215 - Warranty is 10 years to 90% and 25 

years to 80% of minimum rated power 

• All electrical work conforms to the 16th 

Edition of the IEE wiring regulations 

(BS7671) and Engineering Recommendation 

G83/1 

• Connection agreement obtained 16/11/11 from 

East Midlands Electricity. 

• Installation – February 2012

 

 Photovoltaics 

Well Warm Solar Ltd. 

(no longer trading for PV 

systems) 

All components, installation and 

commissioning. 

http://www.wellwarm.co.uk/ 

Western Power Distribution  Connection  http://www.westernpower.co.uk/ 
 

The electrical schematic for all the systems on site can be seen below: 

 

 

 
 

 
 

 



 

Monitoring and Analysis of all systems 

Iskra Wind Turbine 

The Iskra Wind turbine energy output is 

monitored manually. Readings are taken monthly 

from the FiT meter and the total kWh for that 

month are recorded. This has been the recording 

method since it was installed. Wind speeds are 

recorded with an NRG Wind Explorer logger and 

anemometer, the anemometer is 18m up the tower 

and the readings are displayed and recorded in the 

SRC. 

Photovoltaics 

Photovoltaics are monitored using three devices. 

Firstly the FIT kWh meter, where readings are  

 

manually recorded. Then there is a SMA Sunny 

Beam-BT recorder that receives the data from the 

panels via Bluetooth.  The Sunny Beam displays 

performance for a single day, a month or for the 

past 12 months, the specific annual yield, the 

revenue and avoided CO2. It also displays current 

AC power. Finally a solarimeter is used to 

measure the suns energy reaching the site. We 

have two installed one inline with the panels on 

the house roof and one set horizontally. They are 

SKYE SKS 1110 Pyranometers. 

---------------------------------------------------------------------------------------------------------------------------------

Production – Evance Iskra 

Production for April 2013 to April 2014 

HHP Electricity Production kWh per month 

from Iskra 5kW Turbine 
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Hockerton Housing Project

Average Wind Speed at 18m
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There is a strong correlation 

between average wind speed 

and the Iskra’s production. In 

December there was an 

unusually low production  

recorded considering it was the 

second windiest month. The 

difference is due to the reading 

being taken early because of the 

holiday period after only 26 

days, making it a “short” 

month.   



   

Evance Iskra vs. Proven Production for 2013/14 

 

HHP Electricity Production kWh per month 

from

Proven WT6000 and ISKRA 5kW Turbines
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Although the name plate capacity of the Proven is 

6kW and the Iskra is 5kW, as their blade diameter 

is only 0.1m different there should be only a 

limited difference between the two outputs. 

However there is a significant difference. We 

have discovered this is caused by difference in 

available wind rather than performance of  the 

turbine itself. For a year long period we studied 

the wind speed at each turbine with anemometers 

placed on each of the turbine towers .The position 

of the Iskra wind turbine is 30m closer to a line of 

trees which are about 100m away to the South 

West. The trees are approximately 25/30m tall. 

Their proximity was shown to reduce wind speed 

dramatically for the Evance Iskra turbine 

compared to the Proven when the wind was from 

the South West. As the prevailing wind is from 

this direction this has a significant effect on its 

output compared to the Proven. In other words if 

the two turbines were swapped in position the 

Iskra would almost certainly produce more 

energy. 

 

The gap between productions remains a constant 

proportion which indicates that both turbines 

operate consistently.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

SRC photovoltaics 2013/14 

 

HHP Electricity Production kWh per month 

from SRC PV panels (6kW), 
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The output is consistent with the solar radiation 

available. We get more energy production in the 

longer summer days!! Some interesting point can 

be seen by comparing our two systems. 

 

SRC PV system vs. House PV system 2013/14 

 

HHP Electricity Production kWh per month 

from SRC PV panels (6kW) and House PV panels (7.65kW) 
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The SRC PV system consistently produces more 

than the house system, despite the SRC system 

being 1.65kW smaller than the house system 

(6kW compared to7.65kW). There are several 

possible reasons for this. The first and most 

probable is that there has been a significant 

increase in efficiency of solar panels derived 

from improved manufacture and design. The 

house roof array was installed when solar panels 

were uncommon and where one of the early 

multiple domestic array’s in England. The resent 

increase in demand has increase production and 

competition which in turn has encouraged 

efficiency improvements.  

 

The panels also face different directions, with the 

house array facing South South West while the 

SRC set face due South. This means that the SRC 

panels may have more direct, intense sunlight 

slightly longer, increasing their production. 



 

 

Solar radiation  
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The production of the photovoltaic panels 

corresponds to the solar radiation levels. You can 

see from the graph the correlation between output 

and solar radiation across the year. Solar radiation 

is measured by two solarimeters situated on the 

house roof, one inline with the house PV panels 

and one set horizontally. The inline meter is only 

an accurate measurement for the house system 

and will not be exactly the same for the SRC PV 

system as they are in a slightly different location 

and orientation. The horizontal measurement will 

be comparable for the two systems.  

 

Total energy generation  - all four electrical energy generation systems.  

 

The graph below, showing all the combined 

energy generation systems on site indicates that 

having both wind power and solar power is a 

good combination to have. During the winter 

months there is much less sunlight due to shorter 

days, a lower angle of the sun and more cloud 

coverage. However these months also have the  

most wind and therefore the turbines are the 

primary power source. In summer the sunlight 

reaching the panels increases but the wind levels 

drop and the PV arrays become our primary 

source of power. Thus HHP has a relatively 

consistent total energy production throughout the 

year.  

 

HHP Electricity Production kWh per month 

from SRC PV panels (6kW), House PV panels (7.65kW), Iskra wind turbine (5kW) and Proven wind 

turbine (6kW) 
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Output vs. Usage 

Average daily usage for all five houses at HHP 

and Average renewable energy output per day

2006 to 2013
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The graph above shows quarterly measurement 

for HHP’s usage and total out put. The saw 

toothed, cyclical nature of the usage line on the 

graph is due to domestic use increasing in winter. 

This is because more time is spent inside the 

houses and therefore lights are on more often and 

appliances are used more frequently. Festivities 

such as Christmas also happens in this period 

resulting in an increase in the use of kitchens and 

kitchen appliances and also potentially more 

people and visitors in the houses.  

 

The energy production on site tends to peaks in 

summer as the PV systems have a combined 

higher output. The wind turbines are rarely 

running at full power as the wind is relatively 

restricted on our site. For example with a typical 

wind speed of 3 m/s the output will be about 

0.5kW. This is the case even in winter, whereas 

the panels do receive enough light to run at full 

power relatively often in summer. Up until 2012 

energy production was just bellow consumption 

and we rarely produced more than we consumed. 

However since 2012 and the installation of the 

SRC photovoltaics our production has been more 

than domestic consumption in the summer 

months and the average across the year is 

sometimes positive.  

 

PV System Efficiency over time      ----------------------------------------------------------------- 

 
The PV system efficiency was calculated using 

the input light intensity as recorded by 

solarimeters, the total area of the solar panel array 

(Calculated using the perimeter of the module 

frames) and the electrical energy produced as 

recorded by the electrical kWh meters.  

 

For each year two months were analysed; June 

and September. For each month the solar 

radiation energy in kWh was recorded per square 

meter. This figure was then multiplied by the area 

of all the modules in that array. This gave the 

incident solar energy on that system. For the 

same period the electricity generated was 

recorded in kWh. These two energy figures were 

then compared; the generated electrical energy 

was divided by the incident energy from the sun. 

This gave the efficiency figure. The June and 

September figure for each year was combined 

and divided by 2 to give the average efficiency 

for the year. There is no data for solar radiation in 

June 2010 due to a data recording error therefore 

efficiency in this period uses the September 

figure only.  

 

Light radiation energy (kWh/m^2) * Total area 

(m^2) = Incident energy (kWh) 

[Electrical energy generated (kWh) / Incident 

energy (kWh)]  x 100 = Efficiency (%)  
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It can be seen from the graph for the first 3 years 

after the 7.65kW parapet panels were installed the 

general trend in efficiency of the system (this 

includes the inverters and panels) was reducing at 

a greater rate than expected. However after 2005 

efficiency has tended to increase. This is 

unexpected as it is presumed that over time the 

panels’ efficiency would decrease a small amount 

and would thus similarly affect the whole system 

efficiency.  There are several possible reasons for 

varying efficiency of the house parapet mounted 

PV system.  

 

 

 



   

PV Efficiency Tables for June and September each year 

 
Data for JUNE each year

Year

Energy production 

(7.65kW Parapet 

System)

kWh

Energy 

Production

 6kW SRC 

system 

kWh

Solar 

Radiation 

Energy in 

Month

kWh/m2

Total Collected 

Solar 

Radiation

 7.65kW 

system 

kWh

7.65kW 

Parapet 

System 

Efficiency

Total Collected 

Solar Radiation 

Energy

6kW SRC 

system

kWh

6kW SRC  

System 

Efficiency 

2003 807.1 155 9052 8.92% 6,015.6            0%

2004 686.3 139 8117.6 8.45% 5,394.6            0%

2005 628.0 161 9402.4 6.68% 6,248.4            0%

2006 902.7 231 13490.4 6.69% 8,965.1            0%

2007 690.7 127 7416.8 9.31% 4,928.9            0%

2008 706.1 144 8409.6 8.40% 5,588.6            0%

2009 805.4 155 9052 8.90% 6,015.6            0%

2010 849.3 no data - -                   -

2011 800.5 145 8468 9.45% 5,627.5            0%

2012 627.8 605 115 6716 9.35% 4,463.2            14%

2013 678.5 725 154 8993.6 7.54% 5,976.7            12%

Data for SEPTEMBER each year

2003 535.3 100 5840 9.17% 3,881.0            0%

2004 428.8 91 5314.4 8.07% 3,531.7            0%

2005 580.0 148 8643.2 6.71% 5,743.9            0%

2006 569.0 101 5898.4 9.65% 3,919.8            0%

2007 554.0 102 5956.8 9.30% 3,958.6            0%

2008 436.1 84 4905.6 8.89% 3,260.0            0%

2009 535.0 95 5548 9.64% 3,687.0            0%

2010 494.1 90 5256 9.40% 3,492.9            0%

2011 565.2 102 5956.8 9.49% 3,958.6            0%

2012 538.5 543 94 5489.6 9.81% 3,648.1            15%

2013 528.4 513 95 5548 9.52% 3,687.0            14%

 

 

Discussion on Efficiency  

 

There are several possible reasons for the change 

in efficiency over time, which are discussed 

below. 

 

The variation in efficiency could be due to the 

inverters having different efficiency in different 

light levels. Significantly the inverters work at a 

much lower efficiency when running at less than  

 

Inverter and Panel Efficiency 
100% so will reduce the whole system efficiency 

if light levels are generally lower; conversely the 

sunnier the day the higher the efficiency of the 

inverters. So if we receive more days of good sun 

compared to many days of average light levels 

then the system efficiency will be higher. 

However, it is also true that the panels work at a 

lower efficiency in higher temperatures so 

theoretically this should reduce the variance in 

efficiency if a sunny day also means a hot day – 

this would then partly cancel out the effect 

described above.  However if, for a given year, 

there are the same number of sunny days as 

another year, but for that year they are mostly in 

winter and on cold days, it will have a higher 

efficiency. Cold sunny days are the most 

efficient. This would imply, over the recent 

decade, we might be getting more sunshine in 

cold winter days than before. 

 

Grid  
An increased reliability of the grid could also be a 

reason for increased efficiency. It has been 

observed (we have no recorded data) that the grid 

has fewer surges and extreme lows than 

previously. There have also been fewer power 

cuts. This means that the grid is within 

parameters of the inverters more often, thus 

reducing the number of times they trip and stop 

producing energy. This means that as the grid has 

become more reliable the PV system has become 

more productive and hence the system efficiency 

increases.



 

 

Solar Radiation Accuracy      ------------------------------------------------------------------------------------------- 

 

At HHP we have no method to check the 

accuracy of the solar radiation measurement 

system. Although the equipment was expensive 

and should last a long time we do not know if, 

over time, the sensor becomes less efficient in 

measuring solar radiation. If this is true then a 

reason for the apparent increase in efficiency 

would be due to readings for solar radiation being 

lower than the actual value. However the sensors 

are regularly cleaned. 

  

Cleaning Panels 
One possible reason for a change in efficiency 

would be due to a build up of dust/dirt on the 

surface of the panels, however this is unlikely to 

be the cause as HHP have consistently cleaned 

the panels; they have been cleaned once a quarter 

since their installation.  An unforeseen advantage 

of an earth roof! 

 

Further Work! 
The reasons provided for why there is a variation 

in efficiency are only possible causes of the 

unexpected changes in the PV’s efficiency and in 

reality it isn’t known why there is a difference. 

More research is needed to record data and check 

the efficiencies or the individual parts of the 

system and measuring equipment to come to a 

conclusive answer.  

 

 

6kW SRC system      ----------------------------------------------------------------------------------------------------- 

 

Although there is much less data regarding the 

SRC panels, it is clear that the efficiency is much 

greater than that of the original set. This is most 

likely due to the improvement in technology in 

the years between the installations of the two 

arrays. Both the panels and inverters have 

improved so the total system is likely to have a 

big efficiency improvement. 

 

The 6kW SRC system efficiency dropped in the 

second year due to the down time caused by the 

panels blowing off the roof. This efficiency is 

expected to rise again as the system is now fully 

secure and operational. 

 

 

General remarks     ------------------------------------------------------------------------------------------------------- 

 

The house parapet mounted PVs where some of 

the first used in a multiple domestic setting and 

have performed well over a long period 

demonstrating the reliability and longevity of the 

technology. The newer, SRC mounted PVs have 

a higher efficiency showing the improvement in 

the technology since the first set were installed. 

The long term change in efficiency of the houses 

mounted system shows an unusual trend. Over 

the years efficiency has increased slightly which 

is unexplained although several potential reasons 

are proposed. More research could be undertaken 

to fully understand this characteristic. It will be 

interesting going forward to see how the newer 

system’s efficiency changes over time.



   

Conclusions

Energy Demand and Supply On-site 

 

Although we do not necessarily produce the same 

amount as we consume hour by hour or day by 

day, over the course of the year we now produce 

a very similar amount to our overall consumption. 

We produce more energy in summer despite there 

being equal peak output for both the PVs and 

wind turbines. This is due to the solar panels 

working more often at peak output than the wind 

turbines as there is insufficient wind for the 

turbines to function at full power on site most of 

the time. However we use less energy in summer 

and more in winter so over the course of a year, 

with all four systems (7.65kW PV system, a 6kW 

PV system, a 6kW turbine and a 5kW turbine) 

production is approximately equal to total on site 

consumption.  

 

It is an interesting that 50% of our production is 

exported even though we have a diverse 

production system, keen residents and  multiple 

consumers on the same site. The group is looking 

at ways to improve this through changing 

behaviour and technological solutions. 

Although the turbines produce less than predicted 

they still perform a valuable function producing 

cost effective electricity and balancing the output 

from the solar systems across a year.  

 

It should be noted that the name plate rating or 

peak output is less relevant than the energy 

produced in a particular location. The energy 

output is much more related to the average wind 

speed and rota diameter than the electrical rating 

figure of 5kW. 

 

Our target to meet the consumption of the houses 

from onsite renewables has been met. However 

we have set a new target to cover the likely 

increased energy use of electric cars. Members of 

the group have invested in the community owned 

village wind turbine. It is anticipated that their 

share of this turbines output will cover the 

transport energy however that is a subject of 

another fact sheet. 

 

 

 

 

  



   

General Advice 

What are the main considerations prior to 

installing renewable energy systems? 

• Only consider alternative energy sources once 

you have taken all measures to reduce energy 

consumption in all aspects of your life.  

• Location and siting is critical to the type of 

production system that is suitable, wind vs sun. 

• Small-scale renewable energy systems may be 

the least cost effective option if energy saving 

measures have not been implemented.  

• The Feed in Tariff and renewable heat incentive 

have made renewable energy systems 

financially viable in the longer term. Typical 

pay back times are in the region of 8 to 10 

years. 

• Environmental benefits of renewable energy 

production can be a sufficient motivation for 

installation even if the financial benefits are 

limited. 

• In locations which do not have an existing grid 

connection and where energy demand is low 

and current electricity production if from a 

fossil fuel generator cost savings can be very 

high in the long term. 

• The use of more than one type of renewable 

energy resource or hybrid energy supply 

systems can be very beneficial in balancing out 

supply. 

 

What are the main options for renewable energy 

generation at a house hold level? 

• Photovoltaics use solar power to generate 

electricity. Now a very cost effective system.   

• Wind turbines – Small wind-generators, both 

on-grid and off-grid, are only more cost 

effective than PVs where there is a good wind 

source. 

• Hydro - small-scale hydropower schemes have 

a great potential using some of the hundreds of 

old or abandoned watermills in the UK. For the 

same energy supplied, micro-hydro schemes in 

the UK can be typically twice as cost-effective 

in the long run as wind generators. 

• Combined heat and power (CHP) can supply 

efficiently for a whole developments where 

there is a large heat demand. (These demand 

may indicate energy saving measures are not in 

place!) Also note depending on fuel CHP plants 

may not be a renewable technology, see bio 

fuels below. 

 

What other forms of renewable energy could be 

considered? 

• Solar hot water systems are active solar systems 

using collectors such as solar panels to capture 

heat from the sun within which a fluid is 

circulated via a pump (usually water) to a heat 

transfer store for later use. This is most 

commonly used to provide domestic hot water. 

There are several types of collector including 

flat plate, evacuated tube and concentrated 

collectors. They are generally very costly for 

the benefit they provide. The new Renewable 

Heat Incentive goes some way to mitigate this.  

• Biofuels make use of recently grown materials 

such as wood and straw for space heating or 

energy generation. This form of renewable 

energy releases the CO2 during combustion 

processes that was previously locked up in the 

biofuel as it grew, making it effectively CO2 

neutral. 

• Ground source heat pumps can provide a viable 

alternative form of heating if you are replacing 

oil. If you are replacing gas heating there is 

likely to be little CO2 reduction. 

 

What else can be achieved indirectly to support 

renewable energy? 

• Purchase of electricity on a ‘green’ tariff. 

• By calculating the amount of CO2 produced by 

a development and planting trees to offset it 

(known as ‘carbon offset’)  

• Purchase shares in a renewable energy 

developments.  

 

What leads to a successful planning application 

for wind turbines? 

• Good consultation with locals and planning 

departments 

• A local planning policy on wind turbines or at 

least a strategic objective to support 

renewables 

• Exemplars to demonstrate more clearly how 

they operate and look within the context of 

surrounding landscape 

• Positive support from your by the local 

village or parish council 

• A financial benefit received by those closest 

to the turbine 

 

What else needs to be considered when installing 

renewable systems? 

• Check your proposed installers credentials 

including their warranties and current 

insurance policies   



   

Further Resources  

Websites 
• Bergey (www.Bergey.com)– produce a 10kW wind 

turbine (American) 

• RenewableUK (www.renewableuk.com) 

• Centre for Alternative Technology (www.cat.org.uk) - 

eco centre with a focus on renewable energy. 

• Combined Heat & Power Association 

(www.chpa.co.uk ) 

• The Carbon Trust www.carbontrust.com)  

• Danish Wind Industry Association 
(www.windpower.org) 

• Met Office wind map 

(http://www.metoffice.gov.uk/renewables/wind-map) 

• European Wind Atlas (www.windatlas.dk) 

• European Wind Energy Association (www.ewea.org) 

• Gazelle Windturbine Ltd 

(www.mkw.co.uk/about/Gazelle.php) 

• Generating Solar Homes –supports the development of 

photovoltaics (PV’s), particularly, but not exclusively 

through Housing Associations. Tel: Tel. 0115 985 9057 

• Iskra Wind Turbines- Now Evance Wind  

(www.evancewind.com) – produce small scale turbines 

• National Energy Foundation (www.nef.org.uk) - 

provides information, practical advice and information 

on suppliers of renewable energy products and services.  

• Energy saving trust (www.energysavingtrust.org.uk)  

• Marlec renewable power (www.marlec.co.uk) 

• Sustainability Works (www.sustainabilityworks.org.) - 
includes section on energy. 

• Newark and Sherwood District Council original Wind 

Energy Supplementary planning guidance 

http://www.newark-sherwooddc.gov.uk/spds/ or 

available from HHP. 

• Sustainable Hockerton-

(www.sustainablehockerton.org/) – village wind turbine 

and other renewable projects 

• Community energy guidance 

(www.gov.uk/community-energy) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Further Reading 
• Developing a Community Renewable Energy Scheme 

(Department of Trade & Industry) 

• Renew- NATTA newsletter Renewable energy news 
and policy - A bi-monthly magazine covering energy 

and renewables (see http://www.natta-renew.org/) 

• Solar hot water systems in new housing (General 

Information Report 88)* 

• Sustainable Housing – options for independent 

energy, water supply and sewerage (Smerdon/ 

Waggett/ Grey) - Application Guide AG26/97 (order via 

www.bsria.co.uk)   

 

* (Free copies available from BRESCU enquiry line 01923 

664258 or see www.housingenergy.org.uk).   

 

Other Case Studies 

 
Local 
• David Wilson Millennium Eco-Energy house 

(University of Nottingham) – A steel frame provides a 

convenient mounting for the rapid testing of new 

renewable energy systems. Instrumentation is installed to 

allow monitoring of systems to be carried out and the 

house is occupied by a team of 3 highly experienced 

renewable energy researchers. Includes wind power, 

building integrated and tracking photovoltaics, ground 

source heat pumps. (www.nottingham.ac.uk/sbe/) 

• Green Lane, Clifton (NCHA) - Photovoltaics in 22 

domestic properties as part of the Department of Trade 

and Industry Domestic PV Programme. The scheme will 

be monitored for two years to consider the effectiveness 

of PV's in providing affordable warmth as well as its 

long term viability as a source of renewable energy in the 

domestic sector.  

• Hockerton Housing Project – Technical information on 

all aspects of sustainability 

(http://www.hockertonhousingproject.org.uk/shop/ ) 

Beeston Weir small hydro plant on the River Trent 

 

Other 
• BedZED – Community CHP plant (www.bedzed.org.uk) 

• Paxton Court, Gleadless, Sheffield has many passive 

solar features including conservatories with insulating 

shutters that can be used for shading and an underfloor 

thermal store.  

• Integer Housing at Maidenhead uses PVs. See 

www.sustainablehomes.co.uk or www.mdha.co.uk  

• Amersham Road, Reading by Ealing Family Housing 

Association has solar hot water heating. See 

www.sustainablehomes.co.uk 

 



   

 

For further information about HHP or the contents of this factsheet, contact: 
 

Hockerton Housing Project 
The Watershed, Gables Drive 

Hockerton, Southwell 

Notts  

NG25 0QU 

 

Tel:  01636 816902 

Email: contact@hockertonhousingproject.org.uk  

Website: www.hockertonhousingproject.org.uk   
 

 

Other technical factsheets available: 

• TF1:   The Site & Initial Excavations 

• TF2:   In Construction (Choice of Materials) 

• TF3:   Thermal Design & Energy Conservation 

• TF4:   Embodied Energy – in draft 

• TF5:   Hot Water generation – in draft 

• TF6:   Ventilation & Air-Tightness  

• TF7:   Second fix materials – in draft 

• TF8:   Sunspaces – in draft 

• TF9.1:Energy Generation (part 1) 

• TF10: Water supply 

• TF11: Waste Water Treatment 
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