
 

 

 

Viridian Solar - Clearline 
Solar Thermal Field Trial 
 
Prepared for:  
Viridian Solar 
 
27 May 2008 

 

Client report number 225314  



1 Viridian Solar Field Trial  
 

 
BRE Client report number 225314  
Commercial in confidence 

© Building Research Establishment Ltd 2008  
 

 

Prepared by 

Name David Forward 

Position Senior Consultant 

Signature 

 

 

Approved on behalf of BRE 

Name Chris Roberts 

Position Associate Director 

Date 6 June 2008 

Signature  
 

BRE 
Garston 
WD25 9XX 
T + 44 (0) 1923 664000 
F + 44 (0) 1923 664010 
E enquiries@bre.co.uk 
www.bre.co.uk 
 

 
 

This report is made on behalf of BRE. By receiving the report and acting on it, the client - or any third party relying on it - accepts that 
no individual is personally liable in contract, tort or breach of statutory duty (including negligence). 
 

mailto:enquiries@bre.co.uk
http://www.bre.co.uk


2 Viridian Solar Field Trial  
 

 
BRE Client report number 225314  
Commercial in confidence 

© Building Research Establishment Ltd 2008  
 

 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
- P

le
as

e 
cu

t/t
ea

r h
er

e 
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

- 
 

Customer Satisfaction Survey 
 
Please assist us in improving our service to you by giving us your feedback. All replies are treated as commercial in 
confidence and should be returned to Corporate Marketing at BRE. 

Customer: Viridian Solar 

Project Title: Viridian Solar - Clearline Solar Thermal Field Trail 

BRE Report Number: 225314 

Project Manager: David Forward 

 
 (Please mark one box for each question) 

 Unsatisfactory 
Needs 

Improvement 
Meets 

Requirements 
Exceeds 

Requirements Not Applicable 
How would you rate the quality of service?      

Did we understand and meet all your needs?      

Did we deliver on time?      

Did we provide value for money?      

How would you rate the clarity of our written reports?      

How do you rate our technical competency?      

 Yes No    
Would you use our services in the future?      

Would you recommend our services to other clients?      

We would appreciate your comments on how we could improve our service to you 

 

 

 

 

Completed by:  

Name:  

Email:  Telephone:  

Date:  

 
PLEASE RETURN this form either by e-mail to marketing@bre.co.uk or by fax on +44(0)1923 664790

  

  

     

     

     

     

     

     

mailto:marketing@bre.co.uk
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Executive Summary 
 

The Building Research Establishment (BRE) was commissioned to produce an independent 
report on the installation and use of a new solar water heating system from Viridian Solar – the 
Clearline, which the manufacturer claimed was designed for simple installation by mainstream 
construction. 
 
Six houses in two locations were fitted with Clearline solar water heating systems.  The ease of 
installation was observed, and the houses have been the subject on a 12 month solar energy 
monitoring study.  
 

Location Orientation 
Occupancy 

Adults / 
Children 

Hot Water 
Used 
(kWh) 

Fuel Energy 
Saved 
(kWh) 

Solar 
Fraction 

House A Suffolk SW 1 / 1 1,577 1,164 36% 
House B Suffolk SE 2 / 1 909 1,440 67% 
House C Suffolk SE 1 / 2 1,032 1,348 70% 
House D Sheffield SW 4 / 0 1,016 1,102 50% 
House E Sheffield SW 2 / 3 1,890 832 26% 
House F Sheffield SW 3 / 0 1,321 1,180 53% 

 
The 12 month period covered 2007, which included the wettest months of May and June on 
record, resulting in cloudy weather, rain and serious flooding in UK.  The results showed that the 
solar panels have still made a significant contribution to the hot water needs of the homes in the 
study. 
 
Unlike previous studies, where the householders had paid a very significant sum of money for 
their solar heating systems, which could therefore be considered to be biased towards the 
optimised use, the householders in this study simply moved into houses with solar systems fitted.   
This was considered to be more representative of the mainstream use of the technology. 
 
A theme that emerges from the study is the effect that the behaviour of the household has on the 
energy savings.  Households B, C, D and F are optimising their hot water use and achieving good 
solar fractions.  In households B and C, the solar energy is trending towards the limit imposed by 
the household demand for hot water.  In contrast, houses A and E have higher hot water use, and 
could be saving significantly more energy than the other households, but the boiler is being run in 
competition with the solar heating system, and limiting the energy savings.  There is clearly a role 
for education. 
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74 litres 43 litres 48 litres 48 litres 89 litres 62 litres Hot Water Use 
(at 60°C per day) 
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1 Introduction 

Viridian Solar have piloted, the use of what they claim is an innovative, cost-effective solar water 
heating system, with the support from the Carbon Trust and housing association partners Hastoe 
Housing Association and Places for People Group 
 
The system has been designed to dovetail into the conventional building process, with the panel 
fitted by roofing contractors when covering the roof, and all plumbing connections to be made 
from inside the building by the heating contractors at the normal time in the build process. 
 
Viridian has anticipated that this approach will yield significant cost savings in the installation 
process, and provide developers with a more attractive breakdown of responsibility. 
 
An important element of the pilot study was to assess whether the design of the Clearline solar 
water heating system did yield these significant process benefits for developers. 
 

 
The second goal of the study was to provide better information to developers and consumers 
about the benefits from solar water heating. 
 
There have been previous studies in solar water heating in the UK, but these have differed from 
the Viridian pilot scheme.  These studies include; 
 
“Side by Side Testing of Eight Solar Water Heating Systems”, DTI/Pub URN 01/1292, 2001.   
This was a test-bed analysis of solar water heating output which linked a solar panel to a hot 
water cylinder and measured the heat energy collected by emptying the cylinder every evening.  It 
bears little resemblance to how solar systems are installed and used in practice, in particular, the 
effect of an auxiliary heat source (boiler) is ignored. 
 
“Analysis of Performance Data from Four Active Solar Water Heating Installations”, DTI/Pub URN 
01/781, 2001.   
This study examined four households put forward for a study by Solar Trade Association 
members.  It did not measure the boiler or immersion heater input to the cylinder and presents the 
solar fraction as a proportion of hot water energy, ignoring the effect of standing losses in the 

The Trail Properties 
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cylinder.  As we shall see, this would greatly over-state the benefit of solar.  In addition, this study 
is of households that have spent upwards of £3,000 on a solar heating system and might be 
considered “enthusiasts” willing to change their behaviour to gain maximum benefit rather than 
being representative of mainstream users. 
 
Faced with uncertainty about the true benefits provided by solar heating systems, and under 
pressure to justify a high cost, many solar companies resort to best case scenarios.   
 

“Save up to 70% of your hot water energy” 
 
The aim of this study was to seek to provide information on the realistically achievable benefits of 
solar water heating using the Viridian Solar Clearline system. 
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Roofing Installation at Suffolk 

2 Installation 

2.1 External Works 
 
The Clearline solar water heating system was designed to dovetail into the standard construction 
process without the need for specialist installers.  The goal was for roofing contractors to be able 
to fit the solar panel as part of the roof covering without the need for the plumbing contractor to 
attend on site at a time in the build programme when they are not normally present.  This way the 
responsibility for the weather tightness of the building resides with a single subcontractor, and 
only trades with experience of working at height need go on the roof. 
 
The solar panel was fitted above continuous roof 
membrane and battens and comes with a flashing 
kit that is similar in installation to a roof window, with 
the addition of an innovative push-fit connection for 
rapid installation.  The roofing installation at Steeple 
Bumpstead was attended by representatives of the 
BRE and the British Board of Agrément.  The 
roofing contractors fixed down the panel, passed 
plumbing connections through the roof, and fitted 
the flashing kit ready to tile across the roof in only 
15 minutes.  

2.2 Internal Works 
 
The heating system for each of the properties is described later in the report.  The solar loop 
installation is by means of a wall-mounting drain-back control set.  All components are factory 
fitted, reducing the work on site to runs of insulated pipe connecting the panel to the controller 
and the controller to the hot water cylinder. 
 
The plumbing contractors were interviewed after the installations suggested that the additional 
works associated with fitting and commissioning the solar system was three hours. 
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2.3 Learning Points 
 
Feedback from the installations has led to Viridian Solar making, a number of improvements to 
the installation manual to improve its clarity.  Furthermore, damage to one of the hose 
connections from the solar panel at a later point in the build, saw blade damage during the fitment 
of rigid insulation board in the roof, has led to design improvements to increase the robustness of 
the hoses. 
 

Flashing kit for roof integration Internal works 
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3 The Monitoring Study 

3.1 Houses 
 
The six houses monitored in the study are two or three bedroom houses, and of approximately 85 
square meters in gross internal area.  They have pitched roofs and face either South East or 
South West.  Three of the houses are in Suffolk, and the other three of the houses are in 
Sheffield. 
 

Orientation Roof Pitch Occupancy 
Adult / Child 

Hot Water Store 
Type 

Hot Water 
Store Volume 

(litres) 
Location 

House A SW 50° 1 / 1 Vented twin coil 180 Suffolk 
House B SE 50° 2 / 1 Vented twin coil 180 Suffolk 
House C SE 50° 1 / 2 Vented twin coil 180 Suffolk 
House D SW 30° 4 / 0 Heat Store 180 Sheffield 
House E SW 30° 2 / 3 Heat Store 180 Sheffield 
House F SW 30° 3 / 0 Heat Store 180 Sheffield 

3.2 Heating Systems 
 
All the houses are fitted with condensing gas boilers for space heating and backup water heating.   
 
In houses A, B and C, each house had a twin-coil hot water cylinder provided, with the solar 
circuit connected to an indirect solar coil at the base of the cylinder, and the boiler heating the top 
two thirds of the cylinder via an indirect coil located part way up the cylinder.  Each cylinder 
provided a solar store of 55 litres. 
 
In houses D, E and F, each house had a heat store for domestic hot water provided.  Instead of 
heating the water that the households bathe in, the cylinder contains a static volume of water 
which stores the heat.  Cold water flows through a coil of pipe inside the heat store, warming up 
as it flows through on its way to the hot tap.  The heat store is heated at its base by an indirect 
solar coil, and a separate coil for the boiler is located part way up the cylinder and can heat the 
top two thirds of the store.  The coil for the hot water runs through the whole height of the 
cylinder, passing through the solar-dedicated zone of 55 litres at the bottom of the store before 
moving on to the boiler heated zone.  This way the solar-dedicated zone is kept as cool as 
possible to maximise the benefit from solar heating.  The store could also be connected to a low 
temperature space heating system to supply some of the space heating load. 
 
All houses have a timer programmer for the boiler, allowing the household to separately control 
the time of the firings for the hot water system and the space heating system. The houses were 
fitted with a V30 Clearline solar panel.  This is a high performance roof integrated flat plate solar 
panel with an aperture are of 3.05 m2. 
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See Appendix 1 for further details of the heating systems. 
 

3.3 Metrology 
 
The metrology equipment was specified, calibrated and the installations inspected by BRE.  
 
Heat meters were fitted at the hot water cylinder to measure the flow of heat in and out.  Three 
were fitted – to measure boiler energy input, solar energy input and the energy content of the hot 
water withdrawn from the cylinder.  In addition, electricity meters were fitted to the immersion 
heater, and to the solar control set to measure the electrical energy consumed by the circulation 
pump and the control electronics in the solar control set. 
 
Finally, temperature gauges were placed at the solar flow and return, the boiler flow, and the 
cylinder top and bottom. 
 
The temperatures and heat energy pulses were logged every three minutes for a year.  Data was 
remotely downloaded by BRE via GSM modems in each house. 
 
See Appendix 1 for further information on the metrology equipment. 
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4 Monitoring Results 

4.1 Summary 
The three minute data from each house is summed to give monthly totals of energy, and these 
totals are plotted in the graphs below.  Small periods of missing data were filled in according to 
the method outlined in Appendix B, in order to present data representing a full calendar year. 
 

 
 

Hot Water 
 

 
Solar Energy 

1,577kWh/yr 

(74 litres/day) 

932 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  
1,625 kWh/yr 42 kWh/yr 

 
Hot Water 

  

 
Solar Energy  

909 kWh/yr 

(43 litres/day) 

1,018 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  
507 59 

 
Hot Water  

 
Solar Energy  

1,032 kWh/yr 

(48 litres/day) 
985 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  

419 kWh/yr 33 kWh/yr 

 
Hot Water  

 
Solar Energy  

1,016 kWh/yr 

(48 litres/day) 
830 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  
841 kWh/yr 30 kWh/yr 
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Hot Water  

 
Solar Energy  

1,890 kWh/yr 

(89 litres/day) 
792 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  
2,223 kWh/yr 39 kWh/yr 

 
Hot Water  

 
Solar Energy  

1,312 kWh/yr 

(62 litres/day) 
1,001 kWh/yr 

 
Boiler Energy  

 
Pump Energy  

  
882 kWh/yr 42 kWh/yr 

 
 
The three minute data from each house is summed to give monthly totals of energy, and these 
totals are plotted in the graphs above.  Small periods of missing data were filled in according to 
the method outlined in Appendix C, in order to present data representing a full calendar year.  
The daily hot water use is presented as litres at 60°C, derived from the annual energy as 
described in appendix C. 
 
It can be seen that the solar energy (orange) follows a characteristic solar curve with the solar 
heating system making most of its contribution to hot water demand during the summer, spring 
and autumn. 

4.2 Discussion 

4.2.1 Solar Fraction  
The solar fraction is the proportion of the energy demand for 
the hot water met by solar.  The energy demand is the sum 
of the energy used at the tap, including heat losses in the 
pipes on the way to the taps and heat losses from the hot 
water cylinder.  
 
In the study, the heat from the boiler, the heat from the solar 
and the energy removed from the cylinder in hot water were 
measured. 
 
It is not possible to directly measure the heat lost from the 
cylinder, but since the heat flows must be in balance, then 
the solar fraction can be simply expressed as: 
 

Energy Balance Hot Water Cylinder 
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Solar Fraction = Heat from Solar / (Heat from Solar + Heat from Boiler) 
 
The results show that some of the houses have achieved a much higher solar fraction than others 
such as houses B and C which have achieved solar fractions around 70%.  These households 
were working with their solar water heating systems to maximise the benefit.  The householders 
were very conscious of the household budget, and the cost of energy.  For large parts of the year, 
the boiler was manually fired and only when hot water temperatures were too low to use.  For 
these houses, the solar energy savings are limited by their hot water use.   
 
Houses D and F were using their boiler timer-programmers to ensure that the boiler mostly 
operated before hot water use, but not after, leaving colder water in the cylinder for the solar 
system to heat.  Both houses show a higher water use in the winter (when the solar makes a 
smaller contribution), and a lower water use during the summer.  This has skewed the results 
negatively compared to the situation where their water use had remained more constant 
throughout the year.  For example if household D had not had the marked rise in hot water use 
during October, November and December, then it’s solar fraction would have improved from 50% 
to around 57%. 
 
Houses A and E have the highest hot water use of the monitored houses.  They also have the 
lowest solar fraction, but these two facts are not linked.  Both houses could have saved much 
more energy than they did during the year.  The reason is that both households were firing their 
boilers in competition with the solar water heater.  With the top, boiler heated, section of the hot 
water cylinder already at maximum temperature, the storage available for solar energy is 
reduced.  In addition, with the cylinder spending more time at high temperatures, the standing 
heat losses from the cylinder are higher and these losses will be met by the boiler rather than the 
solar system. 
 
It was proposed that the fitting of a boiler interlock, a control device that would prevent the boiler 
from firing while the solar system is running, would overcome this problem.  This issue was 
discussed and it was agreed that this would not resolve the issue in this instance for the following 
reasons: 
 

(a) The fundamental problem is not that the boiler is firing during the day; it is that the 
householder is firing the boiler both before and after the main water draw offs, leaving the 
boiler heated zone of the cylinder full of hot water until the next use.  With evening and 
morning water use being the peak, a solar interlock would not prevent this as the solar 
would not be running at this time.  

 
(b) A heating system that starts taking decisions about “what is best for the user” runs the risk 

of irritating the householder.  For example interlocking the boiler when the solar is slowly 
trickling in heat to the cylinder may mean that hot water is not available just when the 
householder wants it.  The risk is that the householder then disables the solar system, and 
all benefits are lost. 

 
The answer is better education for the householder, resulting in more engagement with the 
technology.  As a result of the monitoring study, the company has indicated that it will be 
improving the clarity and dissemination of its user guide. 
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It was noted that the dedicated solar store (Vs) was 55 litres for a collector area of 3.05m2.  The 
Domestic Heating Compliance Guide1 calls for a dedicated solar store of 25 litres per square 
metre of collector.  This would result in a solar store of 76 litres.  This increase of the solar store 
could help to improve the solar fractions obtained in this trail, especially with houses A and E.  It 
should also be noted that the guide was not published at the time of the installations. 

4.2.2 Useful Energy Savings 
Not all of the solar heat that is put into the cylinder is of benefit.  For example, House F shows a 
significant drop in hot water use in august, with no water use for two weeks during which the 
family was away on holiday.  Most of the solar energy added to the cylinder in this period would 
not have been useful, and so didn’t save any energy.  In addition, a solar cylinder may have 
higher losses than a conventional hot water cylinder due to its larger size, and during summer 
being at a high temperature for more of the time. 
 
Since the boiler has an efficiency of less than 100%, and there are heat losses in the pipes 
connecting the boiler to the cylinder, the fuel energy saved by the solar heat input will be higher 
than the measured solar heat added to the cylinder. 
 
The data was corrected for these factors as outlined in Appendix 3, to arrive at an estimate of the 
useful heat saving from the solar heating systems. 
 

Measured 
Solar Energy 

Input 
(kWh) 

Number of 
Days without 
Boiler Input 

Primary 
Circuit Losses 

Avoided 
(kWh) 

Excess 
Cylinder 
Losses 
(kWh) 

Useful Solar 
Energy Benefit 

(kWh) 

Fuel Energy 
Saved 
(kWh) 

House A 932 9 116 0 1,048 1,164 
House B 1,018 206 376 98 1,296 1,440 
House C 985 246 419 191 1,213 1,348 
House D 830 156 282 120 992 1,102 
House E 792 1 82 125 749 832 
House F 1,001 160  Ö 295 234 1,062 1,180 

 

Ö Estimate based on similar house 

4.2.3 Electricity Consumption 

The solar controller and pump use electricity to circulate the heat transfer fluid that transports 
heat from the solar panel to the hot water cylinder.  The electricity consumption of each of the 
systems was measured and is tabulated below. 
 

House  A B C D E F 
Electricity Consumed (kWh) 42 59 33 30 39 42 

Energy Saved (kWh) 1,164 1,440 1,348 1,102 832 1,180 
Electricity as a % of Energy 

Saved 3.6% 4.1% 2.4% 2.7% 4.7% 3.6% 

 

                                                   
1  Domestic Heating Compliance Guide, (2006) DCLG, NBS, London 
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As can be seen, the electrical energy consumption is a tiny fraction of the energy saved, 
averaging 3.5%. 
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5 Conclusion 

It was noted that the Viridian Solar – Clearline system has improved the installation and therefore 
the cost implications of solar thermal systems, particularly against retrofit systems. The 
development of the Clearline solar water heating into the mainstream building programme has 
resulted in significant energy efficiency benefits for this field trail. 
 
The results of this field trail has shown  that the benefits will vary according to the engagement of 
the household with the technology, but on average would result in a reduction of around 50% of 
the energy used for hot water, and a reduction in household energy consumption of around 1,200 
kWh per year. 
 
 



 Viridian Solar Field Trial 
 

 
BRE Client report number 225314  
Commercial in confidence 

© Building Research Establishment Ltd 2008  
 

 

Appendix A – Methodology 

Houses A-C Data-logging Schedule 

The schematic shows the domestic hot water system, and the measurements taken at the hot 
water cylinder. 
 
The domestic hot water (DHW) is provided from a factory insulated twin coil vented copper 
cylinder of 180l.  There is a booster pump for the shower, which takes water from a port near the 
top of the cylinder wall rather than from the cylinder dome. 
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Channel 
Number Identifier Channel 

Type Measurement Units 

1 Solar flow 
(hot) 

Thermocouple 
type K  Solar circuit temperature warm side °C 

2 Solar return 
(cold) 

Thermocouple 
type K Solar circuit temperature cool side °C 

3 Cylinder top Thermocouple 
type K Cylinder top temperature °C 

4 Cylinder 
bottom 

Thermocouple 
type K Cylinder bottom temperature °C 

5 Boiler Thermocouple 
type K Boiler flow hot side °C 

17 Immersion Pulse counter Immersion heater energy 1/100 kWh 

18 Solar power Pulse counter Solar controller energy 
consumption 1/100 kWh 

19 Solar heat Pulse counter Solar heat energy charged to 
cylinder 1/100 kWh 

20 DHW Pulse counter Energy content of domestic hot 
water used 1/100 kWh 

21 Boiler Pulse counter Boiler heat energy charged to 
cylinder 1/100 kWh 

 
The measurements recorded by the data logger are tabulated above.  Data was recorded every 3 
minutes for a 12 month period. 
 
Houses D-F Data-logging Schedule 

The schematic shows the domestic hot water system, and the measurements taken at the 
cylinder. 
 
The domestic hot water (DHW) is provided by indirect heating on demand from a factory insulated 
heat store of 180 litres.  Cold water flows through two coils in the heat store in turn, a lower coil in 
the dedicated solar zone, and an upper coil in the boiler-heated zone of the store.  The thermal 
store is allowed to achieve temperatures up to 70°C (boiler) and 85°C (solar).  A thermostatic 
blending valve ensures that water delivered to outlets is never dangerously hot by mixing with the 
cold supply. 
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Channel 
Number Identifier Channel 

Type Measurement Units 

1 Solar flow 
(hot) 

Thermocouple 
type K  Solar circuit temperature warm side °C 

2 Solar return 
(cold) 

Thermocouple 
type K Solar circuit temperature cool side °C 

3 Cylinder top Thermocouple 
type K Cylinder top temperature °C 

4 Cylinder 
bottom 

Thermocouple 
type K Cylinder bottom temperature °C 

5 Boiler Thermocouple 
type K Boiler flow hot side °C 

17 Immersion Pulse counter Immersion heater energy 1/100 kWh 

18 Solar power Pulse counter Solar controller energy 
consumption 1/100 kWh 

19 Solar heat Pulse counter Solar heat energy charged to 
cylinder 1/100 kWh 

20 DHW Pulse counter Energy content of domestic hot 
water used 1/100 kWh 

21 Boiler Pulse counter Boiler heat energy charged to 
cylinder 1/100 kWh 

 
The measurements recorded by the data logger are tabulated above.  The data was recorded 
every 3 minutes for 12 months. 

 



 Viridian Solar Field Trial 
 

 
BRE Client report number 225314  
Commercial in confidence 

© Building Research Establishment Ltd 2008  
 

 

Equipment 

Temperature measurements were by type K thermocouples, either pipe mounted with jubilee 
clips, or surface mounted on the cylinder.  In all cases, care was taken to insulate well around the 
thermocouple. 
 
Pulse Inputs 
A Immersion 

Power 
Ampy 5916B Energy Meter 100pulses/kWhr 

B Solar Power Ampy 5916B Energy Meter 100pulses/kWhr 
C Solar Heat 

flow 
DMS Supercal 531 230v powered two open pulse outputs of energy 

and flow volume 2mtr Pt500 sensors  
Energy output 0.01kWhr/pulse.  Calibrated for 30% ethylene 
glycol 
440 Superstatic Meter qp1.5, ½ “ screwed unions 2.5m heating 
cable 

D Draw off Heat  DMS Supercal 531 ‘D’ Cell Battery powered two open pulse outputs 
of energy and flow volume 2mtr Pt500 sensors Energy output 
0.01kWhr/pulse.  Calibrated for water 
440 Superstatic Meter qp1.5, ½ “ screwed unions 2.5m heating 
cable 

Datalogging 
 Datalogger Eltek Data logger with 8 pulse counting channels and 8 thermocouple 

temperature inputs (K or T).  250k readings memory.  Modem kit 
with external aerial 

 
 
Heat Meter Calibration 

Heat meters were only available calibrated to 30% Ethylene Glycol solution. The heat transfer 
fluid used was 30% Propylene Glycol.   
 

 shc 
J/kgK 

ρ 
kg/m3 

shc.ρ 
J/m3 x106 

Temp 10C 50C 10C 50C 10C 50C 
30% Ethylene 3700 3875 1040 1025 3.84 3.97 
30% 
Propylene 

3900 3950 1030 1010 4.02 3.99 

Ratio     1.047 1.005 
 
Source:  
“Solar Engineering of Thermal Processes” 2nd Ed, Wiley Interscience, Duffie and Beckman 
Appendix E pp. 837-838 
 
Linear extrapolation to 30C ratio: (1.005 + 1.047)/2 = 1.025 
 
A correction factor of 1.025 is applied to the heat measured as solar input. 
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Houses D-F Boiler Input 

 
It was found that the measurement of the boiler input in houses D-F was subject to error.  The 
characteristic was for the heat meter to continue to count upwards by small, erratic increments 
when the cylinder was at its maximum temperature and the motorised valve in the heating circuit 
had closed off circulation to the boiler.  Although the increments were small, the time periods over 
which they occurred were long, and the error was significant for House E in particular, which ran 
its hot water for extended periods.  The value of the boiler input implied a cylinder loss 
significantly greater than would be expected. 
 
The boiler input heat meter in House F stopped working, characterised by rising temperatures in 
the cylinder top (channel 3), and high temperatures in the boiler input (channel 5), but with no 
pulse inputs from the boiler heat meter. 
 
House D was found to be less prone to the error, due to the habit of the tenant to run the hot 
water system for short periods before hot water use.   
 
It was decided for houses E and F to estimate the cylinder losses from the cylinder temperatures 
and derive the boiler input this way. 
 
For houses B, C and D, where a month had complete data, the average temperature of the 
cylinder was calculated using the average of the cylinder top and bottom measurement taken 
every 3 minutes, and the implied standing losses calculated as: 
 
 

Implied 
standing loss = 

measured 
boiler 
heat 

+ measured 
solar heat – measured energy 

in hot water used 
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The standing loss is plotted against the cylinder average temperature to derive the relationship 
above, which is used to predict the standing loss from the cylinders in houses E and F from their 
monthly average cylinder temperature. 
Having predicted the standing loss, the boiler input is estimated: 
 

predicted  
boiler heat = 

Implied 
standing 

loss 
+ measured energy 

in hot water used – measured solar 
heat 
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Appendix B – Data Logging 

Data Logging Coverage 

The data logger was contacted monthly via its GSM modem and the data was downloaded.  On a 
number of occasions, there were issues with the data logger and its memory buffer became full,.  
This resulted in periods where data was not recorded. 
 
The table overleaf shows the extent of the missing data for each of the six houses.  With the 
exception of House A, the missing data does not account for a significant portion of the year.  In 
the case of House A, the first half of the year is largely complete, and covers Winter, Spring and 
Summer seasons. 
 

House  A B C D E F 
Data Coverage 59% 95% 96% 90% 86% 93% 

 
In order to present the solar benefits from a full year, the energy totals from days with missing 
data are replaced by an equivalent day’s data.  The equivalent day was taken as its mirror image 
day when reflected about June 21 (midsummer’s day).  
 
For example, House B was not logged in the period from March 17 – 26.  The daily totals from 
Nov 25 - 16 (its mirror image reflected around midsummer) are copied into the blank period. 
 
The error from this approach will be small, because the number of days it affects is small.  With 
house A, where the proportion of days is larger, it will be somewhat better than extrapolating the 
full year results from the first half year. 
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Appendix C – Useful Energy and Hot Water Use 

Not all of the solar energy input to the cylinder is useful.  Some makes up for the higher heat 
losses from the cylinder due to the fact of the solar system.  Which itself holds the cylinder at a 
higher temperature for more of the time in summer months than a conventional heating system 
would.  Equally, the solar energy input to the cylinder that is not used, for example when the 
household is away on holiday, should not be counted towards energy savings. 
 
The cylinder losses for each month were estimated as the difference between the sum of solar 
and boiler energy and the energy content of hot water used.  To estimate the excess heat losses 
from the cylinder due to the solar energy input, the summed heat loss for the six months of 
October, November, December, January, February and March were compared with the summed 
heat loss during the other six months of the year.  The difference between the two figures was 
taken as an estimate of excess heat losses from the hot water cylinder due to the higher average 
cylinder temperatures in summer, and the effect of summer holidays. 
 
Primary Circuit Losses 

By having a solar heating system, the boiler fires less frequently, and when it does it runs for less 
time to warm the pre-heated solar water.  Heat losses from heating the pipe-work connecting the 
boiler to the cylinder are therefore avoided, and should be added to the energy benefit of having 
the solar heating system. 
 
The government’s SAP calculation estimates the losses in the pipes connecting the boiler to the 
cylinder (called the primary loop losses) as 610kWh per year for uninsulated pipes between the 
boiler and the cylinder, or 310 kWh for insulated pipes.  The losses are made up of heat capacity 
losses, heating up the water in the pipes for them to slowly cool once the pump stops circulating 
the water to the cylinder, and heat losses during the heating of the cylinder.  The heat loss from 
the primary circuit has been taken as 310kWh. 
 
For each house the number of days with zero boiler input was counted.  The reduction in primary 
circuit losses was estimated as follows: 
 

 
No. days boiler did not fire x 310 kWh 

Reduction in 
Primary 
Circuit 
Losses 

= Solar Fraction x 
300kWh + 

365 
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Boiler Efficiency  

Typical modern boilers achieve efficiencies around 90% on a seasonally adjusted basis using the 
SEDBUK efficiency.  It is seasonally adjusted because the boiler will work with a higher efficiency 
in winter, when return temperatures are low for space heating, and the boiler is running more 
continuously, so energy lost heating the boiler itself and its flue is a smaller overhead of the total 
energy delivered. 
 
Solar energy is biased towards the non-heating season, so it is likely that the boiler efficiency 
adjusted for seasonality of solar would be somewhat lower than the SEDBUK figure, however 
since only the SEDBUK figures are available the energy saving has been estimated based on a 
SEDBUK efficiency of 90% at the boiler. 
 
Useful energy is divided by 0.9 to arrive at the fuel energy saved. 
 
Hot Water Usage 

To compare the hot water used by each household, the energy content of the hot water draw off 
is used to derive a notional hot water usage as follows: 
 

Annual Hot Water Energy (kWh) x  3,600 x  1,000 Hot Water Use 
(litres @ 60°C/day) 

= 4,200 (J/kgK) x 365 x (60-10) 
 


