Swale House — 124.1 kWp PV Array - DRAFT

Executive Summary

| expect a 124.1 kWp PV array to generate in the region of 117,128 kWh pa, offsetting ~50% of the
electricity currently consumed in Swale House annually. Just under 90% of the electricity generated
by the array would be used on site with the remaining 10% exported to grid. At current electricity
prices the savings/revenue generated by the array would be worth just over £32,740 annually. |
would expect an investment in the region of £81,000 to reach payback between 2.5 to 3 years,
depending on the cost of financing, with an internal rate of return approaching 40% after 10 years.

1. Background

The objective of this report is to provide evidence to establish, against a backdrop of severe
constraints on local government funding, whether there is sufficient financial justification for Swale
Borough Council to invest in installation of a large PV array on the roof of its headquarters building,
Swale House.

It is the first of a series of reports for buildings owned/operated by Swale Borough Council.

This report has been prepared based on 13 years of experience with Invicta Clean Energy Ltd as a
designer and installer of PV systems and with access to up-to-date pricing from one of the UK’s
largest and most longstanding wholesalers of PV equipment. However it is noted that this advice has
been offered independently of my role as an installer.

2. Scope

Further to my recent site visit | have Identified scope for installation of 6 separate PV arrays laid out
across various roofs on Swale House, with a combined nominal output of 124.1 kWp. This utilises all
the accessible flat roof surfaces and takes into account shading from buildings, a flagpole and
several antennae.

The purpose of this report is to provide an outline specification and estimated costs for the arrays,
estimates of their annual generation and to compare these to actual electricity consumption. From
these the likely rates of self-consumption and self-sufficiency can be determined. This allows the
prospective annual revenue (savings) to be estimated and compared to the estimated capital outlay
to determine the project’s simple payback period and IRR.

Because the proposed PV array achieves a relatively high self-consumption rate (89.6%, see Section
7 below), which means the surplus generated by the array over day-time uses would be relatively
small, | have excluded battery storage from this specification. It would be possible to retrofit battery
storage at a later date.



3. PV Array Layout

The roof survey identified 6 separate areas, each of which would be suitable for mounting a PV
array, as set out in Figure 1 and Table 1 below. These are categorised according to level; A = lower
level, B = upper level, C = roof of plant room 1. These areas have been selected taking into account
shading from buildings (plant rooms 1 and 2 and the stairwells), a flagpole, antennae and also the
need for access. They have been divided into 11 separate sub-arrays reflecting areas with (A2, B2,
B4, B5, C1) and without (A1, A3, B1, B3, B6, C2) significant shading.

*Table 1 — Sub-arrays, shading, nominal capacity and number of PV modules

Location Shading Array # of
kWp modules
Al Lower level front | No significant shading 31.025 73
A2, A3 Lower level rear Shading at front from stairwell building | 23.375 55
(A2), no shading at rear (A3)
B1 Top level front No significant shading 2.125 5
B2,B3,B4 | Top level middle | Shading from Plant Rm 1 (B4) and Plant | 27.2 64
Rm 2 (B6); no significant shading in
middle section (B5).
B5, B6 Top level rear Shading at front from Plant Rm 2 (B5), 21.25 50
no shading at rear (B6)
C1,C2 Roof of plant Shading at front from flag pole and 19.125 45
room 1 weather station antenna (C1); no
shading at rear (C2).




Figure 1 — Swale House Roof PV Layout
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4. Equipment and Design

The system design uses an Esdec Flat Fix Fusion mounting system with panels at 13° inclination (see
Appendix 1). Panel orientation is SSW, 195°. A benefit of this mounting system is that it minimises
the requirement for ballast.

The photovoltaic modules used in this analysis are JA Solar 425Wp Mono PERC Half-cell MBB LR
Black Frame (see Appendix 2).

Each of the 6 arrays would have its own Solis 5G 3-phase inverter (see Appendix 3). These would be
connected to grid via existing 3-phase sub-distribution boards in Plant Room 1 and Plant Room 2.
Shaded and unshaded sub-arrays would be connected to separate MPPTs on the inverter. These
would be linked by an Export Power Manager.

A system administrator would monitor the performance of each of the arrays using an online portal.

The equipment specified in this analysis conforms to industry standards. However it is likely that a
contractor selected to undertake the project will propose alternatives.

5. PV Annual Generation

The estimated annual output for each of the 11 sub-arrays is set out in Table 2 below, taking into
account inclination, orientation and shading (a shade factor of 0.75 has been applied to derate the
output of the shaded sub-arrays). The overall estimated annual output of the combined 124.1 kWh
array is 117,128 kWh.



Table 2 -

Estimated Annual Output for PV Sub-Arrays

14.875 8.5 2.125 8.925 9.35 8.925 6.375 14.875 6.375 12.75 124.1 | kWp
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18.31 6.58 5.02 1.25 3.95 5.52 3.95 2.82 8.78 2.82 7.52 67 | CO,
£8,528.23 | £3,066.66 | £2,336.50 £584.13 | £1,839.99 | £2,570.15 | £1,839.99 | £1,314.28 | £4,088.88 | £1,314.28 | £3,504.75 £30,988 | *
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£9,056.24 | £3,256.52 | £2,481.16 £620.29 | £1,953.91 | £2,729.28 | £1,953.91 | £1,395.65 | £4,342.03 | £1,395.65 | £3,721.74 £32,906




The overall annual output on Table 2 above is represented in monthly format in Table 3 and Figure 2
below. This facilitates comparison with monthly consumption data. The monthly yield factors used

are also presented in the table. These have been derived using output data from monitoring of

active PV sites elsewhere in Kent.

Table 3 — Estimated Monthly Output

Monthly
Yield
kWh Factor

Jan 3112 2.7%
Feb 5652 4.8%
Mar 8171 7.0%
Apr 14314 12.2%
May 16133 13.8%
Jun 17247 14.7%
Jul 15053 12.9%
Aug 14610 12.5%
Sep 10634 9.1%
Oct 7092 6.1%
Nov 3420 2.9%
Dec 1689 1.4%
Total 117128

Swale House PV Array - Estimated Output

20000
18000
16000

14000
12000
10000
8000
6000
4000

2000 I
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

H kWh

Figure 2 — Estimated Monthly Output
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6. Electricity Consumption

Actual usage of electricity at Swale House during 2023 is presented in Table 4 below. Actual overall
consumption over 12 months was 209,897 kWh, with ~80% consistently at the daytime tariff and
~20% at night time tariff. Excluding standing charges, at the current day and night time tariffs
(29.105 p/kWh and 24.843 p/kWh respectively) the value of electricity consumed would have been
£59,284.

Table 4 — Swale House Actual Day and Night Consumption (kWh)

Jan 16968 4433 21401 79.3% 20.7%
Feb 15200 3997 19198 79.2% 20.8%
Mar 16309 4094 20403 79.9% 20.1%
Apr 13678 3475 17153 79.7% 20.3%
May 13789 3549 17338 79.5% 20.5%
Jun 12928 3216 16144 80.1% 19.9%
Jul 12724 3224 15948 79.8% 20.2%
Aug 12084 3024 15108 80.0% 20.0%
Sep 12406 3011 15417 80.5% 19.5%
Oct 13423 3315 16738 80.2% 19.8%
Nov 14829 3519 18348 80.8% 19.2%
Dec 13177 3526 16704 78.9% 21.1%
Total 167515 42383 | 209897 79.8% 20.2%
Value £48,755 | £10,529 | £59,284

Figure 3 — Actual Electricity Consumption — Swale House
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7. Savings (self-consumption) and Revenue (export to grid)

The savings / revenue attributable to the PV installation derives from displacement of mains
imported electricity at the daytime tariff rate, plus any surplus over consumption that is exported to
the grid. Self-consumption is calculated by matching the output of the PV array to the day-time
electricity consumption for each month. This is presented in Table 5 below.

Table 5 — Estimated PV Self-Consumption and Self-Sufficiency — Swale House

PV Day-time Self- Self- Self-

Output | Consumption | consumption | consumption | sufficiency

(kwh) (kwh) (kwWh) Rate Rate
Jan 3112 16968 3112 100% 14.5%
Feb 5652 15200 5652 100% 29.4%
Mar 8171 16309 8171 100% 40.0%
Apr 14314 13678 13678 96% 79.7%
May 16133 13789 13789 85% 79.5%
Jun 17247 12928 12928 75% 80.1%
Jul 15053 12724 12724 85% 79.8%
Aug 14610 12084 12084 83% 80.0%
Sep 10634 12406 10634 100% 69.0%
Oct 7092 13423 7092 100% 42.4%
Nov 3420 14829 3420 100% 18.6%
Dec 1689 13177 1689 100% 10.1%
Total 117128 167515 104974 89.6% 50.0%

The overall self-consumption rate is estimated at 89.6%, i.e. of the total power generated by the PV
array, we can expect 89.6% to be utilised on site at Swale House, displacing power that would
otherwise need to be imported from the grid. At the prevailing day-time tariff rate of 29.105 p/kWh
this would be expected to save £30,553 annually.

On this basis the PV array would achieve a self-sufficiency rate of 50.0%, i.e. we would expect the PV
array to supply around 50% of the total electricity consumed by Swale House (209,897 kWh, day and
night).

In addition, between April and August surplus PV generation (~12,153 kWh) would be exported back
to the grid. At a day-time export tariff rate of 18 p/kWh (e.g. Octopus Flux) this could be worth an
additional £2,153 pa. Therefore the estimated total benefit from the PV array would be in the region
of £32,740 annually.

These annual savings will be recurring over the lifetime of the project. Solar panels will typically
come with a manufacturer’s performance warranty of 25 years.



8. Equipment and Installation Costs

The main items of equipment are 292 x PV panels, 6 x inverters, an export power manager, roof
mounting equipment, ballast and electrical switchgear and sundries. At current wholesale prices
from our distributor (Segen Ltd) the cost of this equipment would be around £47,000 (ex VAT). Note
that this excludes any supplier margin on equipment.

Estimated design, installation and commissioning costs for an array of this capacity are likely to be in
the region of £20,000 (ex VAT).

In practice suppliers will charge a margin over wholesale prices on equipment which could be more
than 30%, depending upon how competitively the selected contractor is prepared to price for the
project. Allowing for a 30% margin on the cost of equipment, the overall project cost could be in the
region of £81,000 (ex VAT).

This does not include any project financing/opportunity costs or internal administration costs. It also
does not include any costs for ongoing maintenance, albeit in practice these ought to be minimal
(~£500 pa).

9. Financial Analysis

Based on savings (section 7) and costs (section 8), excluding any project financing costs, the simple
undiscounted payback period is likely to be in the region of 2.5 years, depending upon the terms
that can be negotiated with the preferred contractor.

Based on these projected costs and revenues the project achieves an Internal Rate of Return (IRR) of
38.91% after 10 years.

Increases in the cost of electricity which occur post installation will improve the rate of return on
investment. Likewise a fall in the cost of electricity would reduce the rate of return.



Appendix 1 - Esdec Flat Fix Fusion
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THE ADVANTAGES
OF FLATFIX FUSION

FLEXIBLE AND EASY

* Completely modular sy sem

< Flaxible Inszallagone Easy o budld o

rAezhatc Ightweight systam

«Single or Al seup

s Sutable for res it ul avd commurdd propats

«Strong and durable damping force weh mexd ingen iy hghand
Bw Base

«For panels upto 1150mm wide and 21 50mm long

cbsudes

RELIABLE
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* Roof support with mow ble conmecton

*Urigue thammal dec cupling prow ot s damage torcof materul

« O ptmum post presure due todatrbutedballast

*Intagrated grounding and Bonding in hgh andlow Base in accerdar'c e
weh JEC 60304 serm

» Cable exits and cible guidas (optional)for safe cable murigemend

EASY TO INSTALL

* Usurfrigndly cick waten

«Optimue ready cable dip for sasy attac hment and safle cable removd
» Crounding clmg can aisily be Incorporsedonto the and damg
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« For the most common solar pands (angle of Indinaton 13%)

* Rerawed ena damps evenmore poweful and saser instdlion
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COMPLETE AND FLEXIBLE
INSTALLATION ON EVERY ROOF

FAatFix Fusion is the modular and fextie maunting system for solar panels on small and medum-sized roofs. ks
madular design enabies a customized configuration 1o be cremed for every roof. installers can, for example, easily
buld around obzacles - such as chimneys - with fis system. RaA x Fusion can be st up ether in dual or single
conf gur stion. FlatFix Fugon s & 100% Dutdh product thathas proven itself for years in 2021, the system receved
an wpdawe of 3 number of componens, which not only makes instalation even easier for the installer, but also
further incroases the safety of the roof and the PV system. & is now possible to install solar paneds up to 1150mm
wide and 2190mm long with FlacFix Fuson

Easy to install

Esdec was founded by grofessonal installers, the interest of he installer always came first when designing our
products. Semplicity and # el ity were therefore the starting polms in the design of our FatAx Fugon system
Smaet click cormections ensbile the system to be assembled quckly. Handy features anthe damps and onthe wnd
deflecions make instaliation even easier

Safety for the roof

The different campanents are conneced using Bst-dick commectors, The roof SUPPOs Wi Mmaovadd e Conneciorns
allow the system to mowe (expand and shrink) to prevent damages of the roof material. s aresult, the thermal
mavermnerts of the bulding are not transmitted tothe PV system and vice versa The 2021 upgrade indudes asafe
an(:’:esm«uc solution for cable management: catiles are guided frough the wind deflectars with a cabie exit
g

Reliability

The patented AatFix Fusion systwem has boen extersively tested on fire safety, wind resstance and corrosaon
Vilth even stronges and dur abie damping force with a metal imsert in the high and low base. FlatFix Fusion is &
high-quality mounting solution. & complies with the syicest imernasona standacds and comes with a 20year
warrany

ADVANTAGES FOR THE INSTALLER ADVANTAGES FOR THE END LISER '

» Modular moaurming solution with dick connecson »Roofspeofic configur ation

» Flexi the installation on any roof «Safe and reliable

« Integr ated grounding and equigotential bonding +Nodamage ofthe roof material
« Ease of mstallation with opsm ser dip with ¢ 20 Year Warranmy

imegrated catie dip

S ——
.|
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i3 Strong, Rghtwesght
system

The different
campanents enatie
flexibile row lengths
This makes it
passitle tacreate a
roof-speciic sequp
and, or example,
10 build sround
obstacles

D) Exsy maintenance

FlaFix Fusian is
made of strong,
Nghtweight
materials. With the
high andlow base,
with 3 metal insert,
the damping force
remairs optimal
alver removal and
ot mstallation of
panels

D Unique click
connection

The revalutionary,
unique click
connectiaon makes
the FlMFix Fuson
avery quick and
@3 5y-0-install
maunting soiusan

L With thermal
decoupling

The roofsupporns
with movable
conneciors gve the
System space 1o
expand thermally
without damagrg
the roof macenal

1D Vith integrated
calbe mana geme m

The caties and
plugs ofthe sclar
pansiscan be
safely and easly
amached tothe
mMouring sciutkon
With the cable
exits inthe wind
defecors and
wth the cable exit
g des, cables can
be stowed and
guded in asafe
vay
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5YSTEM COMPORMNENTS

FlatFix Fusbon realsuppon
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Esdiec Mmounting screw®ree
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10 &S
1015
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FlatFix Fusion grounding spring
00T S

o FlatFix Fobon growindeng olamp (S tl
1007 505

FlatFix Fobon groninden g bea diost
1007 S0

* FlatFix Fuskon TPO Mat
1007015

Muomsallshle resd pannemb bed, nee SYSTERA OO RMPOR ERTS

n the Bsdec caloulstor you can manage and caloulate al

your propects, for both pisched snd flst roofs. One platform

with all Esdec moumting sysiems fiar the maost reliable
calculatian of your project

0 ta euue sdecoom'e niical culla tor

F

Al Pl 5 i it el vt e i el v vt g i =
1003032

P tFie e ol camy 3050 mume e
10043
10044 (black)

&

FlatFix Fuskon roof suppont adapier
100ma11

FlatFix Fusiom bow Bacs & exchen sian
TO0R0E2- W

FlatFix Fuskon Cabbe & xit gubde
1005510

* Use of premium materials
+ Tharoughly tes ied
o K- pmar warr ity

e
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QU lCK Esdec has been developing, producing
and supplying professional roofmounting

REL'ABLE systems for solar panels since 2004, ClickFit

and RatFix are inspired by allinstallers who
lNNOVATlVE regularly install solar panels. Easy, quick,
reliable installation using innovative, high
quality, durable mounting systems: Esdec
makes it possible.

%?

Esdec
Londenstraat 16
7418 EE Deventer
Netherlanxis

431850 02 000
B/ info@esdeccom
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Appendix 2 — PV Modules Datasheet
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— www jasolar.com
JASG_AR DEEPBLUE 30 ' Specifications subject ta technical changes and tests.
[ A4 Salar reserves the right of final interpretation,

415-440

Jamsss30 | 3Eries

i 2t Cell Mana
Weight 20kg
[r—— Dimwnsions TPEZEZrrm T T4 = Zrrma IO mrm
i Cable Cross Section Size  &mn? EC), T2 AWGILL)
ﬁ Mo, of cells =0 ]
- 1“ = Jumction Beo P68, 3 dicdes
Connechor QT 410=351, MCA=EVORA,
_ —— Larvdscaps R0O0mmI=1TE00mmi=]
Frant Glass 2Bmm
Rranirs. curoinied linsa cofr and cibgs kgt aeialls sjpsn i Packaging Configuration 3Epcs/Paliot, 936pcs/$0ft Comtainer
" ELECTRICAL PARAMETERS AT 5TC 8 Superior Warranty
TPE JAMEASED JAMSASSD JAMBASID JAMSLSE0 IAMEISI0 JAMSLSIO 0.55% Annual Degradation Cver 15 years
-4I5/LR 420/LR  4250LR -43O/LR  -3SLR  ~4O/LR
Rated Mandmum PoweriPriax) [W] 15 420 525 430 435 540
Open Circuit Voliageved) [V] 3755 3775 37,91 38.09 38,37 38.45
Maxirnuem Power VoRage(Vmgi V] 30.82 L1 EL30 3149 ER 386 e
Short Cireuiit Curment]lse) [4] 4.7 14.25 14.33 1442 1450 14.58 AR s
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Module Efficiency %] 20.8 2.0 25 2.5 21.8 22.0
Paweer Taleranoe O-+5W
Temperature Coefficient ol beio_lse) +0,0465% T
Temperaure Coefficent af veo[lLves} -0.275%/ T § 5 " ) ™
Temperature Coefficent af Pmaxy_Pmp) =0.550%,/ T * Niws EREAr pavwer warranty
sTC Irraciancs 1000W,micoll tamperature 250 AMISGC " Standand module linear povrer warranty
A& ELECTWRICAL PARAMETERS AT NOCT 43 OPERATING CONDITIONS
THFE JAMSASI  JAMS4SI0 JAMSASID JAMSHSIO JAMSLSI0  JAMSSS30 Madmum Sysem Veltage 1000V 1500V DC

=41E/LR =20/LR  =4I5/LR  -50/LR -43E/LR
Operating Temperature =40 =488 T

Rated Max Power|Pmax] [W] 54 518 512 526 310 353 Mairniam Series Fuse Rating 254
Open Cirewt Veltage(voe) [v]  35.53 35,70 35,87 36.04 36.21 36,38 Maximum Static Lead, Frane® S400Paim 2l )
Max Powervoltage(Vmpl V]~ 29.26 23.44 23.62 23.80 9.98 305 Maimum Static Load, Back®  2400Pa{S0]b/ft?)
Short Cincuit Current(lsc) [A] nis .40 AT 11.5% &0 .57 NOCT 4522 T
Max Power Curent(ing) (8] 10.7% 10,80 10,88 1092 10,98 .08 Safety Class class 11
WOCT Irradiance BO0W,/m?, ambient temperature 20 T wind speed Im/'s, AM1L5G Fire Perfermance UL Type 1
%, CHARACTERISTICS
Current-Valtage Curve JAMS&S30=430/LR Power-oltage Curve JAMS4SF0=430/LR Current-Valtage Curve JAMS4SF0=430/LR
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Appendix 3 - Solis 5G 3 phase Inverters Datasheet

Cysolis

S5-GC(25-40)K

Solis Three Phase Inverters

Model:

400V S5GC25K S5-GC30K  S5-GC33K  S5-GC36K  S5-GC40K

@ Efficient

» Max efficiency 98.79%
» String currentup to 16A

+ 3/4 MPPT design, supports multiple orientation
system design

+ Night time FID recovery function, increases overall
system yield (opticnal)

+ Wide voltage range and low startup voltage

@ Smart

+ Supports export power control

+ Intelligent string monitoring, smart IV curve scan

+ Supports RS485, WiFi, GFRS

» Scan to registeron SolisCloud, supports remote
upgrade and control

@ Safe

» IPES

» AFCl protection, proactively reduces fire risk

- Globallr recognised branded com ponentry for
longer life

» Intelligent redundant fan-cooling

{@’ Economic

» Supports GPRS/WiFi communication with less
wiring and reduced installation costs

» > 150% DCAC ratio
+ Supports high powermodules for lowerinstallation costs
» Supports aluminium wire access to reduce cost
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{¥solis

Datasheet

Modettame | ssecask | sseeawk | ssecmk | ssecask | ssaceok |
Input DC

Recommended max. PY power 75 kW a5 k' 49.5 kW 54 kW & kW
Hax. Inputvol tage 1100V

Fated voltage GO0Y

Statupvoltage 180%

MPPT voltage mnge 200-1000 ¥

Hax. Inputcurrent IAIIA[IA A"328

Max short circuit arrrent SOAS0A/S0A A" 40k

MPPT number/Max. input sirings rumber ik 478

Output &

Raited cutput power 25 kW 20 kW kW 2 kW 40 kW
Max apparent output power 275 kA 33 kA 36.3 KA 36 KA A4 kKA
Max clbput power 7.5 kW EEL ELE 30,6 kW 44 kW
Rated grid voltage AWSPE, 220V /220N, 230V f400 W

Fated grid frequency S0Hz/ 60 Hz

Rated grid output cument W0&[I61A A5G4 (4334 S0LAJATEA SATAS204 GOAAETTA
Max culput currert 4184 50.2 4 5514 E0L2A EES A
Power Factor =023 (0 2leading - 02 lagging]

THDI =3

Eficiercy

Max. effciercy 9R.5% 9B 9.7

EU eficiercy 2.1% =% ks

Frotection

O meverse-polarity protection Yes

Short dreultprotection Yes

Outpu tover aumren tprotection Yes

Surge protection DETypell fACType I

Grid monitoring es

Anti-slanding proection Yes

Temperature protection ez

Stings monitoring es

IN Curvesanning fex

Integrated PlDrecovery Optional

ntegrated AFCH (D€ ar-fault circuit prstection) Yo @

Integrated DC switch Optional

General Data

Omensions (4" H D) AT e 282

Weight iTkg

Topol gy Trareformeress

Selfcorsumption {night] =1 W

Operating ambient temperature ran ge 25 =460'C

Relative humidity 0-100%

Ingress potection |Pe&

Cooling mncept Intelligent redundant farraoding

Max. operation altitud e 4000 m

B8 or G99, WDE-ARN 4105 fVDE ¥ 0124 EN50549-1 WDEOL26 / UTE C 15 (WFR:2019 R0 1699 / RD 244 JUNE 206006 [

Bl cn e i st and U NE 2060071, CEI 0-21, C10/11, W RS 097:2-1, TOR, EI PS 2014.2, IEC 62116, IEC 61727, IECG006S, |EC 61683, EN 50530

Safet WEMC s ta rch |EC/EN 82109-1/-2 |EC/EN E1000-6-17-2/-354
Feathres

[ o nnection MC4 mnnedor

AC mnnedion OT terminal

Dizplay LCD

Communication R&4=S Optiona :\Wi-A, GPRS

LA St freg sied
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