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1 Libbey Owens Ford. 
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Fig AA. Interconnection Methodology 

 
In the event of one slate becoming defective and a zero current /voltage being seen 
at the output of a slate, the string remains completely operative with only the 
consequent power loss of the individual defective slate.  
 
The final material chosen for the loom was of a male plug constructed from PE 
thermoplastic with the cable sheathing of a PU material, both of which meet the 
applicable UK wiring and building regulations.  The seal against moisture ingress 
into the connector box and the slates construction is afforded on the Male plug by 
the use of two silicon rubber o-rings that ensure a tight seal against the inside walls 
of the slate connector box fore and aft. 
 
Initial samples of the Male plugs and splitter boxes on a loom were procured and 
installation tests carried out at ICP and our collaborative partners EETs.  
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Fig AB. Initial Prototype Loom 

 
The following areas of weakness were highlighted. 
 
1. The size of the overmoulding on the splitter boxes was not substantial enough 

for cable manipulation. Thus the conductor sheathing covers were visible at the 
entry of the splitter box. This is undesirable as it may act as to provide a moisture 
ingress path into the splitter assembly. 

 
2. The length between the Male plug and the splitter box is such that it can catch 

upon the upper edge of the slate under installation.  
 
Both issues were addressed via a temporary definition in the final prototype loom 
prepared for the projects Demo roof section. 
 
In the interests of expediency it was not possible to have to tooling completed to the 
approved design for the new splitter and receive the loom in time for completion of 
the projects demo roof section. This change has now been actioned and future 
requirements for the loom will have splitter boxes per design below. The length 
between the splitter box and the Male plug was also been increased by a further 10 
mm to avoid the interference problem seen on the first prototype. 
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Fig AC. Final Design Electra-Slate Connection Loom. 

 
The cable ends once a string has been completed and connected are passed into the 
roof space where they are terminated at the Balance of system marshalling 
equipment. 

 
Fig AD. Connection to Marshalling Equipment. 
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The function of this item is to connect together in parallel all the incoming strings 
and to provide a single DC output to the inverter. It will provide environmental 
protection for the connections inside, and must protect against damage and physical 
contact with electrically live components.  
Under the wiring regulations (BS 7671) for separated extra low voltage installations 
(SELV) 411-02-09 states that there is no requirement for protection if the voltage is 
under 60V DC ripple-free.  
SELV systems must use a plug/socket that is dimensionally incompatible with all 
other systems in the vicinity. 
 
6.1 Connectors 
 
The string connectors are rated to 8A and are standard units. Since there is no 
requirement for touch protection these will be ¼” spade sheathed crimp connectors, 
which have the advantage of being cheap and easily available, and are also available 
in colours to suit positive and negative. 
 
The Main DC to inverter connections are for cable up to 10 mm2 depending on the 
number of slates in the system. Thus they can be a standard push on connector for 
lower numbers of slates, but should be a ring terminal for the larger cable sizes. 
 
7.0 Development of Fixing Methodology. 
 
Intersolar had over the lifetime of their part of the Electra-Slate project had many 
discussions regarding fixing methods of the slates. 
 
Drilling holes in the slates during manufacture was considered to both a) expensive 
and b) a source of weakness. The possibility also existed that the slate may suffer 
damage during installation because of the necessity to hammer nails through the 
holes. This was borne out by the Clapham folly and Track 2000 Installations where a 
number of slates were cracked during installation via the use of roof nails. Although 
site visits to both installations some four years on have shown these cracks have not 
caused any de-lamination of the product or electrical failure of the individual cells. 
The cracks were undesirable in a finished product designed to be easily installed. 

 
In an effort to ascertain the feasibility of other methods it was decided to 
manufacturer a number of samples and fix them to a trial roof assembly at the PV 
Systems factory. The slates used were of the old 500x300 pattern, but the methods 
employed would have easily transferred to the 600x300 current definition. 
 
The first sample was a slate with a Triwall Tedlar strip of dimension 450x40mm 
laminated through the centre on the normal hole fixing line per below. 
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Fig AE. Fixing Trial 1. 

 
The second trial conducted was with the Tedlar laminated on each side per below. 

 
Fig AF.  Fixing Trial 2. 

 
 

The third trial was intended as a compromise using tape laminated into the top of 
the slate, to prevent slipping, and a clip, to be designed, to hold the slate to the roof . 
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Fig AG. Fixing Trial 3 

 
The fourth trial was the use of a ‘standard’ slate hook (picture 4).   
  

 
Fig AH. Fixing Trial 4. 
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10 samples of the type 1 slate were manufactured and six were fitted to the test 
structure per below.    

 
Fig AI. Fixing Trial Test Rig. 

 
The extreme right-hand slate, simulating the first slate in a row, had the material 
nailed to the roofing batten on both sides. 
 
The fixing principle was that the next slate to the left would be plugged into the first 
slate, and then the material on its left side would be nailed to the batten. This would 
then be repeated to the remainder of the row.  
 
The assumption was that the electrical connector would provide positioning and 
support on the right side, the material giving the fixing on the left. 
 
The results of this trial indicated that: 
 
a) the material used for the test would not have sufficient resistance to tear forces, 

but more importantly  
b) There was a strong possibility of lateral movement of the slate to the left. Even 

allowing for the weight of other slates in rows above, the fixing method was not 
strong enough. It was the opinion of the test group that other types of material 
used would probably not prevent the sideways movement. Only by using a rigid 
plastic might this be prevented. As an incidental comment it was found that 
damage to the slate may still occur with a poorly aimed hammer when trying to 
nail close to the slate. 

 
One sample each of types 2 and 3 were produced, primarily as discussion points and 
demonstrators. 
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Type 2 would almost certainly suffer from the same movement as type 1 while the 
material on type 3 was not strong enough to resist even relatively light downward 
tearing motions of the type which may be found when working on a roof. 
 
Finally was the section utilising the slate hook.  It had been advised to the Intersolar 
Group in the early days of the Electra-slate project that slate hooks were not 
desirable and little used in the UK. 
 
However discussions with a roofing contractor advising the group on roofing 
practise indicated that the use of hooks was actually more common than had been 
thought. Further investigations since have shown that the clip method of installation 
is even more commonly used in European building practise than originally thought.  
 
Two samples were sent to PV Systems, the first of a type that clips over the batten, 
the second is a version that nails into the batten. 
 

Original discussions had voiced two concerns over the use of hooks i.e. would the 
output of the slate be affected because of shading by the hook and might not the 
hook physically damage the slate in storm conditions. 

Tests with slates in sun showed no discernible difference in output with or without 
the hook in place. 
 
Although only 3 slates were placed in position for the test, the results were viewed 
as extremely positive and promising. The slate was easy to fit, suffered little stress 
during fixing but still offered mechanical strength. The opinion was taken that, as 
this method is a recognised industry standard then it would be one less hurdle for 
the product to take in acceptance. 
 
It was decided that a sample of 12 slates would be sent to McAlpine for fixing on the 
test roof at the quarry in North Wales. McAlpines would determine the most suitable 
batten gauge and obtain the correct hooks.  
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Fig AJ. Fixing Trial Final Definition. 

 
Post installation of the tiles on the McAlpine test roof an unscheduled Hurricane 
force storm passed over the North Wales site.  

 
Fig.AK.  McAlpine Test Roof. 

 
Inspection of the photo will demonstrate the force of the storm in that the lead 
flashing on the apex of the roof has been lifted and bent over the top of the roof 
structure. Post storm inspection of the Electra-slates indicated that no damage was 
apparent to the products under test. 
 
The final decision taken by ICP at the re-start of the projects was that the project 
progression should be continued on the basis of using slate hooks to install the 
product to the roofing structure. 
 
This identified the need to fully establish briefs for the use of the hooks requiring 
detailed investigation into current building regulations and practice. This work led to 
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the need to carefully consider the slate installation practise in relation to at least five 
variables within the commercial and domestic roofing sector.  
 
These variables are principally: 
 
i.) The pitch of the desired installation roof. 
ii.) The relative exposure to elements determined by the geographical location of 

the proposed site and whether the installation would be considered as being 
at a moderate or severe exposure risk. 

iii.) The required Headlap of the slates to meet local regulations 
iv.) The baton gauge required dependant upon the above factors and the size of 

the slate being installed. 
v.) The commercially available hooks to be used in the installation. 
 
ICP and PV Systems reviewed the commercially available hooks and established that 
hooks were available in sizes ranging from 60mm to 160mm increasing in length in 
10mm increments. The availability of these hooks thus enabling the 600 * 300mm 
slate definition to be installed in all of the various geographical regions and 
associated pitches of roof structures in that area. 
 
Headlap requirements were seen to range from 45mm to 100mm again dependent 
upon geographical location and pitch of roof.  The headlap basically being 
considered to be the minimum overlap of the slates to ensure water ingress is not 
apparent into the roof structure by the action of capillary spread. 
 
Roof pitches were seen to range from 22 degrees to 75 degrees although the local 
planning regulations and building planning applications were usually the driver to 
establishing this design specification. 
 
The baton gauge is a result of consideration of the above factors, the slates must 
span at least three batons over their length to meet building regulations, thus as the 
pitch and headlap parameters were considered and a final value of baton spacing 
and required clip length could be reached.  
 
The other important point to note here is that as the Headlap and consequent baton 
spacing also have an effect on the active area of the slate that would be covered 
under the overlaying slate. This obviously has the effect of changing the available 
area of active cell and thus the relative power output of each slate. This factor also 
then determines the number of slates required to achieve a system specification of 
either 1 or 2 KW*  (*refers to a typical domestic application only)  
 
PV Systems produced within the project a calculation formula to ensure that for 
system design specification purposes information input regarding the above 
detailed factors would provide a design specification of baton gauge, hook length 
and exposed area of the slate. This formula will be used for the purpose of system 
design and specification upon the commercial launch of the Electra-Slate product. 
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The demonstration roof section was installed using fully the clip methodology and is 
reported on later in this report. 
 
8.0 Pre Competitive Development of Manufacturing Capability. 
 
From the outset of the concept of “Electra-Slate” The physical attributes of the tile 
have remained fundamentally unchanged. The Project outputs and the progress of 
ICP in establishing the basic structure and process of producing the slate has 
however been revised and in some areas improved upon from the original concept. 
 
 

 
Fig AL.  Electra-Slate II. 

 
The slates still remains a glass laminate, constructed from three individual pieces of 
glass and dry laminated into the final article, but there the revisions become 
apparent. The appearance has changed, the size and output of the active solar plate 
has changed, as has the technology used in the solar cells themselves. The method 
of power collection from the cells and distribution of that power to the balance of 
system equipment is also fundamentally revised and improved upon.  
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     Fig AM. Electra-Slate III 
 
The effects of the ICP introduced changes act as to reduce the costs of manufacture, 
make the Slate even more commercially viable with higher power output (thus 
reducing the number of slates required to achieve the required system output) and 
to have introduced a bespoke on-slate connector that is married up to the 
interconnection system by design.  
 
However with all these changes to the product definition the Electra-slate roof can 
be still be installed by the general roofing industry without any specialist knowledge 
and equipment, utilising current standard roofing practise for mounting via the use 
of standard size slate hooks.  
 
8.1 Slate Construction and Process Set-up. 
 
In the original Intersolar product, the backing glass used in the slates construction 
was 3 mm float glass, today this is still the same. Many prototype ES have been 
constructed in 2.3mm backing glass over a number of years as test pieces, 
specifically as production of the core product line at ICP moved to use the same 
thickness glass. However the advantages to be gained by the additional strength of 
the thicker glass were overriding in the decision for inclusion in the final product 
specification.  
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ICP Intends to market the product with a Power performance and manufacturing 
warranty that may be in excess of 20 years. It must therefore have full confidence in 
the slate’s robust construction to endure such a length of time at the hands of the 
elements. 
 
8.2 Backing Glass. 
 
Three basic sections of glass are used in the slates construction, a full Backing sheet 
of 3mm Float glass dimensions 600* 300mm, a 3mm active glass plate of dimension 
300 * 300mm and a another backing glass section of the same dimension in 3mm 
glass. 
 
All the glass sections incorporated into the Slates are processed prior to laying up of 
the E-Slate sandwich construction however the backing glass is treated separately to 
the active glass sections.  
 
Once constructed and laminated the E-slate needs to be handled not only by ICP 
operators for post processing, testing, cleaning and packing but also by the roofing 
contractor who would be installing the slate system. It is necessary therefore to 
ensure the glass laminate is safe to handle. This requires the use of ICP’s existing 
edge grinding equipment to ensure all sides of the backing glass sections are safely 
edged. 
 

 
Fig AN. ICP Glass Grinding Line. 
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It is not possible to edge grind the active cell content of slate, as the process will 
destroy the cell structure of the plate.  The issue of sharp edges on the glass of the 
active cell is addressed by the post processing stage of the Electra-slate. 
 
The backing glass is then washed and dried in ICP’s existing washing facilities. 
 

 
Fig AO. Glass Washing Line. 

 
Part of the fundamental changes employed on the Electra-slate product is the need 
to take power from the slate via the use of the purpose designed on slate integral 
connector assembly. 
  
In order to install the connector assembly a hole must be drilled into the 600 mm * 
300mm backing glass section. 
 
This process must be accurate, repeatable and give a low rise of breakage in 
process. When ICP purchased the assets of the Intersolar Group and re-initialised 
production at the Bridgend plant the projects were re-applied for in April 2003. 
However ICP had identified the need to continue the development of the Electra-
slate and as such purchased outside of the project budget a purpose specified 
drilling machine to meet this manufacturing need, and before the Project re-start 
approval was granted in October 2003. 
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The drill is capable of drilling the required hole in 2.3mm and 3mm sheets at a 
throughput of 1 sheet per 45seconds. It is possible to increase the speed of 
throughput, but trials have indicated that this leads to excessive wear of the 
diamond drilling heads and increases proportionally the amount of breakage’s seen.   

 
Fig AP. Glass Driling Machine 

 
Once the drilling action has been completed the glass is washed again to remove 
any debris. The backing glass is then transported and stored ready for construction 
lay-up of the slates. 
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8.3 Active Area Solar Cells. 
 
The process employed by ICP for creation of the Solar cells is outside of the remit of 
this report, but for clarity is best described by the process flow diagram shown 
below. 

 
Fig AQ. ICP Process Flow Diagram 

 
ICP is currently limited to deposition onto glass substrate 930mm * 330mm. It is 
therefore possible  
to gain multiple active area plates from the full size active plate. Once the Solar 
deposition process is completed the glass is cut to gain multiple active plates from 
the full plate. This is cost effective use of the full plate with only minimal amounts of 
active plate lost in length and width depending upon the number of active areas 
required. 
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Fig AR. Automated Cutting Line 

 
The active glass area of the E-slates has fundamentally changed. In the original 
concept ES1 single junction amorphous silicon plate was utilised. However the 
working voltage of the active area was 12v DC and this presented problems during 
trials in finding an inverter system that was capable of tracking efficiently at these 
low levels of working voltage.  
 
A fundamental change was actioned under ES2 by the introduction of a complex 
laser pattern and busbar arrangement to take the working voltage of each slate to 
24v DC with an initial output of 2 Watts.  
 
However during ISPRA IEC 61646 Qualification testing, the product failed as a result 
of plate power failures and the integrated connectors deforming under test.  Before 
Intersolar was able to re-design the E-slate to overcome these difficulties the group 
of companies went into liquidation. 
 
When ICP re-started the Projects in October 2003 fundamental changes were 
actioned. The integrated connection method was fundamentally revised plus the 
active area of the slate was revised in both technology and size. 
 
ICP within the Capacity Ten 7 Project is developing an equipment set and 
methodology of Dual junction device deposition. In its most basic form the tandem 
A-si deposition process essentially stacks two PV photodiodes one on top of the 
other as a continuos film.  Tandem cell deposition is a lot more complex and 
demanding than the above suggests and is far less tolerant of process variation and 
potentially more expensive to run unless carefully optimised. ICP is still developing 
and optimising this technology under Capacity Ten 7. 
 
The decision to make the Electra-Slate from this technology opened up various 
advantages to ICP. 
 
1. Individual Cell voltage is approximately doubled.  
2. Individual Cell current is approximately halved. 



 

 59 of 78 
 

3. Substantially less light induced degradation is apparent. 
4. Stabilised Power is increased in comparison to single junction devices. 
 
It can be drawn from the above statements that as Power output in Watts is a 
function of Voltage (V) and current (I)  ( P=V*I ) that the power output of a dual 
junction device is approximately the same as a single junction device, but that the 
working voltage is doubled and the stability of the device is greatly enhanced. 
 
Consequently the active area of the slate could be increased to 300mm * 300m 
without the loss of active cell area found on the ES2 by virtue of the complex laser 
and busbar patterns. 
Thus the slates fundamental dimensions were changed to use active glass of 300mm 
square. 
 
The benefit offered by this change to active area is that an open circuit voltage of 38-
40Vdc is apparent on each slate and therefore a working voltage of 32 – 36v DC is 
achievable in circuit under MPP load.  
 
This working voltage enables the product to still meet the SELV directives on DC 
power supplies and regulation, but also moves the operating voltage of the Slate 
system into an efficiency region more easily covered by the range of commercially 
available inverters thus removing the need to specify specific products.  This enables 
the inverters to be purchased off the shelf thereby reducing any associated costs 
with the need to specify specific products that operate in the lower voltage regions. 
 
Giving a theoretical stabilised Power output of 4 watts per slate also reduces the 
final system installation costs by reducing the number of slates required to make a 
rooftop 1KW system. 
 
Ie. 1 kW Rooftop System @ 2 w per slate = 500 Slates required.  
 
1 kw Rooftop System @ 4 watts per slate = 250 Slates required.  
 
It follows therefore that with a full plate of 930mm * 330mm three active area slates 
can be produced with a total wastage of only 30mm in length and width. 
 
The Electra-Slate Product that will be sent for Full ISPRA / TUV qualification will be 
wholly based upon the Dual junction device as the active area of the Slate. This sets 
out ICPs commitment to the product utilising the dual junction technology being 
afforded under the sister project of Capacity Ten 7. 
 
Once cut to size the active plate needs the aluminium Busbars to be ultrasonically 
bonded to the collection cells. In preparation ICP have made mechanical and 
software modifications to the in house bonding equipment to be able lay the tapes 
down accurately within the collection cell areas and leave approximately 300mm 
over length on the tails for connection to the integrated connector assembly. 
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Fig AS. ICP’s ultrasonic Bonding equipment. 

 
8.4 Slate Lay-up (pre Lamination). 
 
All the component glass parts are now prepared for construction of the “sandwich”. 
The final article required to complete this bill of materials is the EVA sheet used 
within the laminator to bond the glass together into a lamination thereby providing 
the environmental protection required by the product.  

 
Fig AT.  Automated EVA Cutting line. 

 
ICP have in operation at the Bridgend plant an automated EVA sheet cutting line. 
Both mechanical and software modifications were required to the unit in order to be 
able to cut the EVA to the desired length and to punch out the required hole in the 
EVA. This hole when placed onto the backing glass acts as to line up with the same 
diameter hole as processed into the 600mm backing glass section. 
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Historically ICP has used Clear EVA for the ES project and installs to date however 
some aesthetic issues with the use of the clear EVA needed to be overcome in the 
final product definition. Close inspection of the below photograph will show that a 
small gap between the Slates is apparent post installation and therefore the glass 
that can be seen was reflective and clear. 

 
Fig AU. ES2 Install visible Glass  

 
This clear region can be see from ground level and can also reflect sun light if the 
suns position happens to be in the right azimuth relative to the slope and direction 
of the roof.  This reflection could possibly be undesirable to other residents in the 
locale of the install and needed to be eradicated as a possible issue. 
 
ICP have taken the decision to utilise Black EVA for this product as this not only 
overcomes the clear glass region issue, but also serves to darken the whole 
appearance of the E-slates bringing them even closer to matching the surrounding 
natural slate. The Black EVA is however slightly more expensive then the clear EVA 
in use at ICP currently on their consumer product line and will initially be procured in 
lower volumes. However as a spin off ICP are evaluating the use of Black EVA across 
it’s complete commercial product line as it also serves to reduce cosmetic rejection 
of plate with slight manufacturing marks.  
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Fig AV. ES3 install Black EVA. 

 
The individual glass sections are laid up on a horizontal surface. A black EVA sheet is 
laid between them with the automated pre-cut hole for the connector box void. The 
busbar connections from the collection cells on the solar plate are fed through the 
laminate EVA sandwich construction to meet the on-slate connector position located 
centrally in the non-active area of the slate construction. 
 
In recent years the fundamental convention for producing the Electra-slates was to 
adhere the connector box onto the glass as part of the lamination process. As the 
Slate is a three-glass construction with the front of the slate being two pieces and 
the connector box being located on the back face, a method of jigging for lay-up and 
a system of load spreaders was required. 
 
The glass sandwich could in this configuration only be placed into the laminator 
with connector box upper most (ie two front glass faces facing down) in a jigging 
tray assembly. A series of load spreaders was also required in order to prevent the 
diaphragm from causing the slate to crack under press hold conditions.  
 
The design of Load spreaders was simple and relatively cheap to produce, they also 
performed adequately in trials. However the need for jigging of the slate lay-up for 
introduction into the laminator proved to be fraught with difficulties as the EVA 
released from the construction during lamination acted as to stick the “hot” Slate to 
the carrier tray and thus require more work to remove from the tray and clean the 
tray ready for the next cycle. 
 
It became necessary for a re-think of the lamination process to be undertaken. 
During a trip to the Paris Photovoltaic Conference in early summer 2004 a  new 
product was being demonstrated. This new product seemed to meet all the 
requirements of ICP in being able to post process the connector to the slate after 
lamination. The product being designed and tested to meet IEC 61646 criteria was a  
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distinct advantage as ICP could be confident the material would not breakdown 
during the Environmental qualification testing process and ultimately in long life 
service. 
 
The other dis-advantage to the use of the tray carrier assembly was that the ICP 
laminator could only accommodate four slates in any given run. Significant numbers 
of test samples also indicated a slightly higher than usual failure rate of the slate 
through stress cracking was apparent. This rise in rejections was attributed to the 
use of load spreaders and could have been further addressed by modification of the 
design. This however also introduced the possibility of reducing the gel content 
analysis of the Eva due to heat-sinking effect of the load spreader make up material. 
 
After extensive trials with the new adhesive product the decision was taken to 
introduce the E-slate to the laminator without the connector box being installed. This 
released ICP form the constraints of having to use complicated tray carrier 
assemblies and load spreaders. It also enabled 6 Slates to be loaded into the 
laminator (plus spacers) in any given run thus improving the throughput capability 
by a factor of 50%.  
 
The Laminator at ICP is a large unit capable of significant throughput, however it has 
a fixed time for the process to be undertaken. All the production remits of the 
Electra-Slate are designed to fit this cycle time as closely as possible in order to 
ensure that the whole operation can be run by one operator from loading to post 
processing of the laminates when completed. 
 

 
Fig AW. ICP’s Lamination Equipment. 
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Post lamination processing of the Electra-slate it is necessary to install the connector 
box to the laminate construction and make the power connections within the 
connector box. 
 
Equipment purchased with the specification of the Adhesive supplier has enabled 
the task of con box attachment to be undertaken effortlessly and with a minimal time 
requirement. 

 
Fig AX. Dispensing Equipment . 

 
Costs implicated with the use of the new product have shown the method to be very 
cost effective as each slate uses only approx. 2.8ml of the adhesive per slate and 
thus approx. 100 slates can be produced from one cartridge.  
 
The associated cost per unit would be reduced even further by the use of a heated 
pail system of dispensing, however the volumes required in order to justify the 
initial equipment cost are unlikely to be seen until full scale production is launched 
late Summer 2005. Based upon predicted volumes the payback time for the cost of 
the heated pail system would be some two years assuming the system cost remains 
as quoted. This cost is outside of the remit of this project budget.  
 
Completion of ICP’s processing of the slate with its current equipment set is actioned 
by the termination of the aluminium busbars inside the connector box. Trials of 
many sorts of electrical joint augmentation were carried out with varying degrees of 
success. However the decision taken is to keep the soldering process employed 
through the trials stage. This provides and extremely robust joint that cannot be 
effected by any thermal expansion seen within the slate construction when in 
service. 
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Once connected the integrated connector cap is installed and the void in the plug is 
filled under pressure with an Electrical grade of Silicon RTV to “pot up” the 
connector assembly and prevent any potential for moisture ingress into the slate 
assembly. 
 
8.5 Slate Finishing.  
 
It is necessary to remove the reflective face of the active glass on the ES so as to 
produce a product that closely resembles natural slate and to reduce any surface 
reflection from the slates when in situ. 
  
Trials have been conducted with a specialist UK supplier of Wetblasting equipment 
with a view to specification of an automated blast system where the desired finish is 
achieved and the slate is washed to remove blast debris and dried ready for 
despatch. 

 
Sample testing of slates produced with the desired finish has enabled ICP to 
evaluate the consequent reduction in power output of each Slate required for IEC 
Qualification.  
However the indicated cost of such a system above is outside of the budget remit for 
this project.  
 

 
Fig AY. Proposed Equipment Set. 

 
An alternative means of achieving the required finish has been found and trialled 
within the project. This does have a cost implication to the product in the short term, 
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as the process must be sub-contracted to an outside agency. However once the 
product has cleared qualification successfully ICP will gear up for large-scale volume 
which will include equipment as above.  
 
9.0 Demonstration Roof Section. 
 
9.1 Roof Sub-structure 
 
The roof section employed of trial used a good quality membrane (Tyvec in this 
case, but any high spec membrane would be suitable) fixed to the rafters under 
standard battens of 35mm x 19mm section. The battens were spaced at 250mm 
(called the batten gauge) as per UK standards. 
 

 
Fig AZ. Roof Substructure. 

 
9.2 Slates Layout 
 
The batten gauge was chosen as being representative of most of the UK for a 
medium slope of roof. This condition would cover the majority of roofs in the UK. 
The slating was started at the bottom row in the centre, in accordance with normal 
industry practise. The E-Slate wiring looms were laid out below each batten and cut 
to the length of the row of active slates that were to be installed on that level. It is 
clear that the layout of the Electra-slates must be clearly defined by the designed in 
advance of the installation, so that the looms can be fitted to the correct length. It is 
also necessary from the point of view that the electrical design has to end up with 
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equal length strings. This level of prior layout is not normal in slating, where the 
details are worked out upon the roof as the installation proceeds. 
 

Fig BA. Slate Layout.  
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9.3 . Attachment of Slates 
 
The hook attachment method for the Electra-slate is discussed in Section 7.0 earlier 
in this report and although it is only currently found on a small percentage of UK 
roofs. The technique is common in other European countries.  
 
The roofer has to place the hooks on the battens, in the gaps between the row 
below.  
 

 
Fig BB. Hook installation. 

 
The clips employed for the demo roof section were standard 125mm types and 
specified to match the pitch and baton spacing employed on the roof section. 
 
For Installation the roofer is required to plug in the male plug from the loom 
connection into the integrated connector box installed on the E Slate before 
lowering the slate onto the plane of the roof and sliding it down into the clip of the 
hook. 
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Fig BC. Demo Roof Installation work in progress.  

 
This part of the process was the most unusual for the roofer and required some 
practise to gain a reasonable speed of work. As the slates are being placed above 
another row, up a diagonal edge, the roofer has to lean over the slates, grasp the 
connector, balance the next slate on his knee on edge, align and push in the plug.  
 
After approximately 20 or so slates the roofer felt that a task that had initially 
seemed impossible, was now achievable.  
 
9.4. Electrical interconnections 
 
The maximum numbers of slates in a string is limited by 2 parameters 

• The current capability of the Loom 
• The reverse current survivable by a shaded slate 

 
The cable that has been used for the loom is capable of 8A, which is sufficient for 50 
times the short circuit current of the final slate specification. Maximum I/sc is 
approximately 154ma. This gives a max s/c for a string of 50 at about 7.7A. Impp at 
this time is approximately 120ma yielding a maximum operating current of 6A. 
 
The reverse current capability was established by test, and was found to be .05 
Amps at the MPP voltage of 28v. This rises to 170mA at 45v, the theoretical 
maximum o/c voltage. If we assume that the whole string of 50 were shaded and 
that the rest of the roof is supplying current whilst standing at 45v, then a possible 
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fault current of 8.5A could flow in the string. This is an unlikely scenario so therefore 
the maximum number of slates in one string remains at 50 limited by the cable 
capacity. 
 

 
 

Fig BD. Under Slate Connection. 
 
9.5 Interface with standard Slates 
 
Where the end of a row of active slates occurs, there is usually a need for at least 
one standard slate at the end. This allows half slates to be cut to form a verge, or 
angled cut slates to be used at a valley. The cable loom is taken through the 
membrane behind the last active slate, and so does not form a barrier to normal 
roofing practise thereafter. 
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Fig BE. Interface with Standard Slates 

 
9.6. String Interconnections – Marshalling box 
 
When laying out the roof the cable loom is cut to the required length. The ‘start’ end 
is sealed using a ‘twist and seal’ end cap.  
A lead-out cable of appropriate length is attached to the remaining end using two 
twist and crimp connectors. The resultant joint should be sealed using self-fusing 
silicone insulation tape. If it becomes necessary to extend a cable loom then the 
above jointing method may be used. 
The lead-out cable is passed into the roof void under an overlap flap of the 
waterproof membrane. 
The string cables are fed into the terminating box in the roof void. The terminating 
box contains string connection terminals, string fuses and a DC rated isolation 
switch.  Where the cable enters the marshalling box it passes through a gland plate 
and is fixed into positive and negative screw terminals. Each terminal pair is fitted 
with a LED. When connecting the individual strings the LED will illuminate to 
indicate correct polarity and available voltage. 
The positive line of each string passes through a fuse rated at 8 amps and thence to 
the DC isolator. 
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Fig BF. Marshalling Box.. 

 
9.7 Inverters 
 
A high current DC cable from the marshalling box is attached to the input terminals 
of the inverter via glands. 
The output from the inverter, following standard PV installation conventions, then 
passes via an AC isolation switch to the building grid. 
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Fig BG. Inverter connection. 

 
The Inverter selected for the demo system was the Sunny Boy 1100LV.  This type 
proving to be most suitable for the Electra-Slate system as it is capable of use with 
systems from 800w to 1600w and is the ideal solution to a system with relatively low 
input voltage.   
 
In the event of a larger system than 1600w being installed on any given roof the 
number of Inverters attached to the system would be increased accordingly. 
 
The 1100LV provides for the following specifications: 
 
• Single Phase 230v 50 Hz.  
• Maximum Input Voltage 60v Dc Max. 
• PV Voltage Range MPPT (Vpv) 23.8 v to 60V. 
• Maximum Input Current 56A. 
• Max Efficiency  92% 
• Size (W) 434mm  x  (H) 295mm x (D) 214mm 
• Weight 28 kg. 
• Short circuit protection 
• Meets Grid Conformity EN 61000-3-2. 
• Meets Low voltage regulations EN50178, EN60146 part 1-1. 
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• Meets CE conformity. 
• IP65 Integrity.  
• Easily commercially available. 
 
Please refer to the below drawing 5159103 for a schematic layout of the balance of 
system components. 

 
Fig BH. Balance of System Schematic 
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9.8 System Test. 
 
The demo roof was tested outdoors in full natural sunlight, normally incident on the 
surface. The radiation level at the time was measured using an ESTI calibrated 
standard reference cell. 
 

 
 

Fig BI. Roof Section under Test 
 
A connected string of 55 slates was created in order to prove interconnection 
capability. The end cable was attached to a meter in short circuit mode and the 
output measured.  
The array achieved an output of 7.17A at 1034W/m2. This equates to 6.93A at 
standard conditions of 1000W/m2. 
 
The array was left in this condition for a period of 2 hours and inspected at the end 
of that time. The temperature of the slates and attached components gave rise to no 
observable changes in the cable or connector condition.  
 
The roof was sprayed with water to simulate a rain shower. The output of the panels 
was monitored during the drying out period, but no significant effects were noted. 
The visual appearance changed from a shiny ‘glassy’ effect when wet to a grey 
‘slate’ looking roof when dry. 
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10.0 PROJECT CONCLUSIONS 
 

 
 

Fig BJ. Demo roof Section Completed. 
 
The above Photograph of the demo roof section demonstrates the aesthetic appeal 
of the Electra-slate product in its similarity to natural slate. In order to prove this 
statement one natural slate has been intermingled with the Electra-slates on the 
demo section above. It can be seen that it is difficult to distinguish this natural slate 
from the surrounding Electra-Slates. 
 
The use of the Slate hooks has proven to be a convenient method of fixation to the 
roof structure, with the roofer providing positive feedback to their use. The slates are 
not suitable for walking on, as in essence they are glass laminates. However this 
would not hinder a roofer in their use. Further market studies and feedback from the 
roofing Industry will be undertaken in the months before ICP launch the product 
commercially. 
 
The one area where not being able to walk on the roof would slightly impede a user 
would be in the unlikely event of a slate needing replacement through electrical 
failure or breach of the roof structure via storm damage and the like. This would 
necessitate the use of a roof ladder to span the affected area in order to facilitate 
replacement.  
 
However we cannot assume that all users would employ this method and may walk 
on the slates. Unlike natural slate however if a single unit is cracked from such use, it 
will not disintegrate and fall to the ground representing a health and safety issue. 
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This is a virtue provided by the fact that the slate is of a laminate construction and 
will maintain it’s structural integrity in the event of cracking or impact damage. 
 
Tests were conducted to establish how easy or complicated it would be to remove a 
slate and replace. Much as a normal roofing specialist would replace a natural slate, 
the slates that sits directly above the effected unit are lifted slightly with a suitable 
implement. Then the effected unit would be pushed up to release it from the clip and 
then slipped downwards to remove it from the roof structure raising it in the process 
to ensure the integrated connector clears the baton it sits behind.  
 
The length on the loom between male connections is specifically designed to enable 
enough cable to be come clear of the structure of the roof to effect a removal of the 
loom plug, discard the damaged slate, replace it with new and re-install in the 
reverse of the removal procedure. 
 
The testing conducted to prove interconnection capability has proven the 
fundamental design of the Slate integrated connector and string loom operates 
effectively with minimal losses over a large string of the E-Slates. All the balance of 
system equipment is of size capable of fitting through an aperture of 0.4 x 0.6 mtrs 
which is considered to be the standard loft hatch to be found in most UK properties. 
Thus the system will meet the needs of the physical limitations that maybe apparent 
in an installation in the UK domestic housing market.  
 
The system also lends itself to the use of a consumer monitoring system such as the 
sunview user display such that the consumer is capable of monitoring the 
performance from an installed roof array for a small additional cost. 
 
Feedback from roofers involved in the previous installations of the prototype Electra-
Slates under Intersolar had commented that the glass laminate could tend to be 
sharp in the corners and on some edges of the slate itself. ICP have countered this 
feedback by ensuring that the sections of backing glass employed in the slate are 
edge ground pre lamination into the final product. It is not possible however to edge 
grind the active plates section of the slate as this will normally “kills” the plate with 
contamination falling into the laser isolation channels cut in the active material of 
the cells. It cannot also then be washed for the same reason. 
 
The effect however of the shot blasting undertaken on the product in order to 
achieve the non reflective finish in a completed laminate acts as to blast of any sharp 
edges of the active area. Feedback from the roofer employed to undertake this 
installation was that he had no concerns about handling the product and did not find 
any issues with the slate edges. 
 
In summary the Electra-Slate has proven the concepts behinds it intended use. ICP 
have in place the facilities, equipment and trained personnel to manufacture in 
medium volume with the intent to upscale our capability in readiness for 
commercial launch of the product in 2005.  
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It is relatively easy to install and has proven that a roofer without any special 
training is able to install the roof part of the system, the fixation methodology has 
proven to work well within standard roofing practise and the interconnection system 
meets the design criteria and performs as anticipated. 
 
 It is also noteworthy that the aesthetic appeal of the Electra-slates has been 
improved by changes made to the construction of the Electra-slate from earlier 
prototype models of the product. 
ICP is confident that the Electra-slate is a robust and cost-effective means of 
introduction into the world of grid connected PV roof generation systems where a 
slate roof style is the preferred roofing definition. 
 
Following closure of the DTI sponsored Project ICP will continue to review the 
product definition against feedback being collated from within the roofing Industry 
in readying it for final IEC 61646 qualification. ICP plans to undertake submission for 
qualification later this calendar year once fully optimised dual junction solar cells are 
made available to the project. We are also planning to undertake further building 
product related trials such as Fire spread testing and demo installations during the 
nine months of the qualification period that IEC 61646 will take to achieve. 
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