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If the adjusted performance estimate is worse than originally predicted, the client shall be given
the same cooling off period and cancellation rights (to include any right to cancel without financial
penalties) that applied to the original quote. This shall apply from the date of issue of the updated
performance estimate.,

3.7.2 Standard Estimation Method
The approach is as follows:
1.Establish the electrical rating of the PV array in kilowatts peak (kWp)
2.Determine the postcode region
3.Determine the array pitch
4,Determine the array orientation
5.Look up kWh/kWp (Kk) from the appropriate location specific table

6.Determine the shading factor of the array (SF) according to any objects blocking the horizon -
using shade factor procedure set out in 3.7.7

The estimated annual electricity generated (AC) in kWh/year of installed system shall then be
determined using the following formula:

Annual AC output (kWh) = kWp x Kk x SF

3.7.3 kWp of Array (kWp)

The kWp value used shall be the sum of the data plate value (Wp at STC) of all modules installed (the
value printed on the module label).

3.7.4 Postcode Zone

Determine the postcode zone of the site from the map and the table on the following pages. Once
this has been obtained, you will be able to select the correct table for the kWh/kWp (Kk) values to
be selected.

Note: These zones are the same as the SAP postcode zones
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3.7.5 Orientation

The orientation of the array is to be measured or determined from plan. The required value is the
azimuth angle of the PV modules relative to due South. Hence, an array facing due south has an
azimuth value of 0°; an array facing either SW or SE has an azimuth value of 45°; and an array facing
either East or West has an azimuth value of 90°.

The azimuth value is to be rounded to the nearest 5°.

3.7.6 Inclination

The Inclination (or pitch) of the array is to be measured or determined from plan. The required
value is the degrees from horizontal. Hence, an inclination of 0° represents a horizontal array; 90°
represents a vertical array.

The inclination value is to be rounded to the nearest 1°.

3.7.6.1 KWh/kWp Value (Kk)

Tables of kWh/kWp (Kk) values are provided for each postcode zone. Abbreviated tables are
contained in Annex D of this document. Full tables are available to download from the MCS website,

The tables provide kWh/kWp values for the zone in question for 1° variations of inclination (p[itch)
and 5° variations of orientation.

Note: This data has been provided by the European Commission, Joint Research Centre. The data is
drawn from the Climate-SAF-PVGIS dataset and multiplied by 0.8

3.7.7 Shade Factor (SF)

Where there is a potential for shading from objects further than 10m away from the centre midpoint
of the array then the procedure given in 3.7.7.1 shall be applied, where there are objects at or less
than 10m away from the centre midpoint of the array then the procedure stated in clause 3.7.7.2
shall be used jn addition to the method in clause 3.7.7.1.

3.7.7.1 Determining shading factor as a result of objects further than 10m
from the centre and midpoint of the array

Where there is an obvious clear horizon and no near or far shading, the assessment of SF can be
omitted and an SF value of 1 used in all related calculations.

Where there is potential for shading, it shall always be analysed and the reading shall be taken from
a location that represents the section of the potential array that is most affected by any shade. For
systems with near shading this will typically be just to the North of the near shading object.

It is intended that this assessment provides an indicative estimate of the potential shading on the
solar array. This is done by indicating how much of the potential irradiance could be blocked by
objects on the horizon at differing times of the day and of the year (as indicated by the different
arcs).
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The sunpath diagram below shall be used to produce a shading analysis for all estimates produced.

Fig 22 e
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The potential shading is analysed as follows:

Stand as near as possible to the base and centre of the proposed array, e.g. through an upstairs
window, unless there is shading from objects within 10m (e.g. aerials, chimneys, etc.), in which case
the assessment of shading must be taken from a position more representative of the centre and
base of the potentially affected array position.

Looking due south (irrespective of the orientation of the array), draw a line showing the uppermost
edge of any objects that are visible on the horizon (either near or far) onto the sunpath diagram

Fig 23

Mldduy

j
This line is [T
called the
horizon line,
an example of
which is shown
here:

\
i}npa( nrl W n,r,. ~

Do not count Do not count

. o 80"
East South Wesl

Note: There are purpose made instruments for undertaking sunpath assessments; the use of such
instruments is optional
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Once the horizon line has been drawn, the number of segments that have been touched by the line,
or that fall under the horizon line shall be counted, in the following example you can see there are
11 segments covered or touched by the horizon line.

Fig 24 s
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The total number of segments are multiplied by their value (0.01) and the total value shall be
deducted from 1 to arrive at the shading factor.

The result will be the shading factor for the proposed installation, in our example the shading factor
is calculated as follows:

1-(11*%0.01)=1-0.11=0.89

For systems connected to multiple inverters, or a single inverter with more than one MPP, it is
acceptable to do a separate calculation of SF for each sub array (each array connected to a dedicated
MPP tracker.

Note: installing a system will any significant near shading will have a considerable effect on array
performance. Where possible any near shading on the array should be avoided.

IMPORTANT NOTE

This shade assessment procedure has been designed to provide a simplified and standardised
approach for MCS installers to use when estimating the impact of shade on system performance.
It is not intended to be as accurate as more sophisticated methods such as, for example, those
included in proprietary software packages. It is estimated that this shade assessment method will
yield results within 10% of the actual annual energy yield for most systems. Unusual systems or
environments may produce different results.

Where the shading factor is less than 1 (i.e. any shading is present) the following disclaimer shall
accompany the quotation:

“This shade assessment has been undertaken using the standard MCS procedure - it is estimated
that this method will yield results within 10% of the actual annual energy yield for most systems.”
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3.7.7.2 Determining shading factor as a result of objects at, or less than, 10m
from the centre midpoint of the array

As noted previously, shading from objects adjacent to the array (for example: vent pipes, chimneys,
and satellite dishes) can have a very significant impact on the system performance. Where such
shading is apparent, either the array should be repositioned out of the shade zone, or where
possible the object casting the shade should be relocated. Where some near shade remains,

the following additional shade analysis procedure shall be undertaken in addition to the method
described in 3.7.7.1:

a.A standard horizon line, as described previously, shall be drawn - to represent the worst case
(drawn from the array location most affected by shade)

b.In addition, any objects on the horizon diagram that are 10m or closer to any part of the array,
shall have a shade circle added to the diagram to reflect the severe impact that these items may
have on the array performance. Where there are multiple objects within 10m, then multiple
circles shall be drawn — one for each object.

The shade circle shall have a radius equal to the height of the object. The shade circle should be
located so that the apex of the circle sits on the highest point of the shade object.

All segments touched by or within the shade circle should be counted as part of the overall shade
analysis.

Midday Circle apex on top of shade abject

Circle radius = height of shade object

il

" Donotcount }
) ;
135" 80° 45" 0° 45 90" 138
East South West

Note: The above diagram uses the same shade object as the worked example in section 3.7.7.
Assuming the object is near shade results in a shade factor of 0.6 (compared with 0.89 in the
previous calculation).
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3.7.8 Documentation

For systems under the MCS scheme, a performance estimate that determines the total annual a.c.
energy output of a given system shall be communicated with the client before the point that the
contract is awarded.

Along with the performance estimate, the client shall be provided with the sun path diagram and
the information used to calculate the performance estimate as illustrated in the following table.

A. Installation data , \
Installed capacity of PV system - kWp (stc) kWp

Orientation of the PV system — degrees from South

Inclination of system —~ degrees from horizontal

Postcode region
B. Calculations ; _ : a0 :
kWh/kWp (Kk) from table kWh/kWp

Shade factor (SF)
Estimated annual output (kWp x Kk x SF) kWh

All quotations and / or estimates to customers shall be accompanied by one or more of the following
disclaimers where applicable:

For all tati \/ Kiifstas
“The performance of solar PV systems is impossible to predict with certainty due to the variability
in the amount of solar radiation (sunlight) from location to focation and from year to year. This
estimate is based upon the standard MCS procedure is given as guidance only. It should not be
considered as a guarantee of performance.”

Additionally where data has been estimated or taken remotely (clause 3.7.1):

“This system performance calculation has been undertaken using estimated values for array
orientation, inclination or shading. Actual performance may be significantly lower or higher if the
characteristics of the installed system vary from the estimated values.”

Additionally where the shade factor is less than 1 (clause 3.7.7):

“This shade assessment has been undertaken using the standard MCS procedure - it is estimated
that this method will yield results within 10% of the actual annual energy yield for most systems.”

3.7.9 Additional Estimates

Additional estimates may be provided using an alternative methodology, including proprietary
software packages, but any such estimates must clearly describe and justify the approach taken
and factors used and must not be given greater prominence than the standard MCS estimate. In
addition, it must be accompanied by a warning stating that it should be treated with caution if it is
significantly greater than the result given by the standard method.
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4 INSTALLATION/SITEWORK
4.1 General

Standard health and safety practice and conventional electrical installation practice must apply to
the installation of a PV system. Issues such as working on roofs or standard domestic a.c. wiring are
covered thoroughly in other publications and are not detailed in this guide. Attention shall be paid to
the location of accessories and equipment to ensure that any future service and maintenance can be
carried out.

4.2 PV Specific Hazards

When compiling a method statement and risk assessment for the installation of a PV system, there
are a number of PV specific hazards that need to be addressed. These will be in addition to standard
considerations such as PPE (Personal Protective Equipment), working at height, manual handling,
handling glass and the application of the construction design and management (CDM) regulations.

¢ PV modules produce electricity when exposed to daylight and individual modules cannot
be switched off. Therefore unlike most other electrical installation work, the installation of a
PV system typically involves working on a live system. See requirements of Regulation 14 of
Electricity at Work Regulations 1989,

¢ As current limiting devices, PV module string circuits cannot rely on fuse protection for automatic
disconnection of supply under fault conditions, as the short-circuit current is little more than
the operating current. Once established, a fault may remain a hazard, perhaps undetected, for a
considerable time,

e Good wiring design and installation practice will serve to protect both the system installers and
any persons subsequently coming into contact with the system from an electric shock hazard
(operator, owner, cleaner, service engineers, etc).

» Undetected, fault currents can also develop into a fire hazard. Without fuse protection to clear
such faults, protection from this fire hazard can be achieved only by both a good d.c. system
design and a careful installation.

¢ PV presents a unique combination of hazards — due to risk of shock, falling, and simultaneous
manual handling difficulty. All of these hazards are encountered as a matter of course on a
building site, but rarely all at once. While roofers may be accustomed to minimising risks of
falling or injury due to manual handling problems, they may not be used to dealing with the risk
of electric shock. Similarly, electricians would be familiar with electric shock hazards but will not
be used to handling large objects at heights.







Guide to the Installation of Photovoltaic Systems

Zone 1l

~ Orientation (variation from so







