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Tropenas Company (independent engineering firm) with expertise in
* Engineering for utility-scale renewable energy and storage facilities,

= * Continuous improvement of affordable, robust, resilient systems,

* Solar PV, energy storage systems, substations, etc.

Typical renewable energy projects:
* Interconnection application drawings and support,
» IFC Electrical, mechanical and civil permit drawings,
e Component and system value engineering,
* Advice on feasibility, procurement, project implementation and oversight.

Professional Engineering Licenses in 28 states:
* Bill Novak, P.E., MSE, MBA, 22 states, PV & BESS Chief Engineer
* Charles W. Cunha, P.E.: CA, HI, NV, OR, WA, US Virgin Islands, Substation design
¢ Jon Novak: Director of Civil
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System design for utility-scale solar PV and Battery Energy Storage Systems
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Agenda - Utility-scale PV and BESS Design

Example 18 MW 1-Axis Tracker

Factors driving PV and BESS (continuous improvement / pricing)
Module selection drivers

Inverter selection

What factors should you consider when selecting sites?
Review of PV Geometry

Bifacial modules impact on layout

System Modeling

Layout examples Fixed Tilt, Ballasted Landfills, 1-Axis tracking
DC coupled Storage

AC couple Storage
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System design for utility-scale solar PV and Battery Energy Storage Systems
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Our Typical Focus is on Large Project Solar
Design and Engineering Permit Drawings

T ——

Typical Project: 18 MW in MD
. | Background Photo: A Representative

Typical Scope: I = . _w’“\ Engineering Project Profile ‘
- Interconnection Application Support - BN Sy = 3
- Layout g —, N 18 MW, Hebron, MD ~
- Electrical Permit PV system design, - PV Engineering: Bill Novak, P.E.
- Civil Permit Drawings and | - Interconnection: Charles Cunha, P.E.

- MV Interconnections = - Contractor: Confidential .\
- Plant Controls / Fiber / SCADA / PLC ~ | _ ATI Racking

-

| -57,000 + Modules
s - 25KV Interconnection

Tropenas Team Value Engineering Approach:
- Meetings of 3: Engineering, Purchasing and Construction Operations
- Focus on Value and Robustness prior to drawing release

- Feedback loop from construction oversight and post project follow-up
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System design for utility-scale solar PV and Battery Energy Storage Systems

Continuous Improvement
Comparison of Steel and Solar

ENGINEERING

Steel 167yrs «snoade—0

Steel covering

Slag, partly ire clay bricks
silica

Hot

— #— air

I 7 ——uyeres

Tropenas Process (1894): Air blown | Oxygen converter process

Furnace profile Furnrace segtlon
Bessemer Process 1856 g across the surface of the molten metal 2021 $1742/ton to
$100/ton to $50/ton 1875 20% of the cost | from tuyeres on the side of the vessel 2023 $760/ton
$ 18/ton 1890s over ~15 years | rather than the bottom.
Solar U.S. Solar PV Pricing Trends & Deplymet Gh ) Lithium-ion battry price worldwide from 2013 to 2022,
26,000 $7.00 (in U.S. dollars per kilowatt-hour)
T 20% of the cost
N\ 13 years ago B
g 18,000 e E
= 16,000 $4.50 2
% 14:000 \b'\.. . s400 §
=8 $3.50 §
& = s & 20% of the cost
£ o I I I l oo & 10 years ago
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Year-Over-Year Changes in U.S. Solar PV Installed Price by Segment

Cumulative U.S. Solar Installations
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System design for utility-scale solar PV and Battery Energy Storage Systems

=1 3004
?I} 2004
% 1004
[0}
1926 19‘35 19‘44 19‘53 19’62 19I71 19‘80 19‘89 19‘98 20‘07 20‘16
Month
PPI of Steel 1926 to present
e PV related
Copper ~__ /'

s

I L1th1um 5/21 to present

| | j“ AL__ |
i \ " ' )
S \&\th.,, e NN A ‘Ll*“'\,‘ P NP‘“W. i

/

Silve/r 1970 to present
$63 peak, $12 low, $23 current

Copper 1988 to present
- $5.3 peak, $1 low, $3.7 current

Aluminum 2014 to present
$3930 peak, $1706 low, $2246

RENEWABLE ENERGY

Value Engineering &
Price of related commodities

ENGINEERING

o s i 7 | Nickel prlcesh&ve-seefed-smee-the-s%art-ef—zggz—

. Nickel open prices, US dollars per tonne

—

In March 2022, nickel prices reached
$48,201 per tonne, the highest in over a
decade
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Exhibit 3: LME 3month nickel traded price
01:00 March 3 - 08:15 March 8

$77 peak, $16 low, $22 current

110

Lead-up (from Feb 24)

100

90

80

(4 ‘5107) awnjon papes.

Average Traded Volume

o

Cobalt 12/20 to present
$32 peak, $12 low, $16 current

Nickel 3/4 -3/8/2022
$101 peak, $27 low, $18 current
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System design for utility-scale solar PV and Battery Energy Storage Systems

'MODULE SELECTION DRIVES DESIGN

Terminology
- OC = Open Circuit SC = Short Circuit

. mp = max power Voc = Voltage Open Circuit

= Vmp = Voltage Max Power Isc = Short Circuit Current

Imp = Maximum Power Current

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV Module - Thin Film Example

GINEERING

- N LT, T T

MODULE SELECTION DRIVES DESIGN

: e
Series 7 TR1.

s oo DT Electrical Specifications =

Series 7 TR1.

Do Y s eries 7 TR-'. ) Electrical Specifications Certifications & Test®

e e ——
Open Circuit Voltage Voc (V) 2239 224.5 225.0 225.6 2!
Short Circuit Current Isc (A) 3.01 3.02 3.03 3.04
Maximum System Voltage Vsys (V) 1500°%
Limiting Reverse Current Ir(A) 5.0
Maximum Series Fuse lcr (A) 50 | \

RATINGS AT NOMINAL OPERATING CELL TEMPERATURE OF 45°C (800W/m2, 20°C air te '

MODEL TYPES: FS-7XXXA-TR1 (XXX = NOMINAL POWER)
RATINGS AT STANDARD TEST CONDITIONS (1000W/m?, AM 1.5, 25°C)?

. - RATINGS AT STANDARD TEST CONDITIONS (1000w, AM 1.
First Solar ~ 505-540 Watt Thin Film Solar Module ey ) W THEEE s Nominal Power3 (-0/+5%) | Py (W) | 505 510 515 520

Ercece; %) * w1 | 123

o Sand Sesistance
Ammoris Comsion

EXTENDED DURABILITY TESTS

Series 7 TR1 thin film solar modules combine First Solar’s thin
film technology with an optimized structural design to deliver
improved efficiency, enhanced installation velocity, and unmatched
lifetime energy performance for large/utility-scale PV projects.

Efficiency (%) % 18.1 18.3 18.4 18.6

et Etciency (%)

Voltage 3t Puu,

Cell Efficiency (%) % 19.3 19.5

Cument 3 Pu

Open Circut Volizge

Voltage at Pyax Viax (V) 182.5 183.4 184.3 185.2

Short Qrut Current W@ | 3o | ;2 | 3o

Masimum System Voltage | Ve (V)

)

Current at Pyax Iuax (A) 2.80 2.81

Limting Reverse Cumese 50

More Lifetime Energy per Nameplate Watt
f Industry’s best (0.3%/yr) warranted degradation rate

Masimum Sedes Fuse 158 50

PR
Superior temperature coefficient. spectral and [ wcas | dous
shading response
r— () | 1588
4+ Unmatched Quality and Reliability e— -t
" +  Endtoend manufacturing process for globally Open Ciszut Valiage Yoz (V)
consistent quality ‘Short Oreut Cumment s ) 244 2 245 2 2 @{x |_[_(.
g i

Durable glass/glass construction
Immune to and warranted against power loss from
cell cracking
30;year Linear Performance Warranty
12.year Limited Product Warranty
Optimized Module Design
- Optimized back rail mount design enhances
installation velocity
Frameless design improves soiling and snow shedding

Dual junction box design reduces wire management
complexity and cost

| ® Industry’s Most Eco-efficient PV Solution

\ Industry leading carbon footprint, water footprint and
energy payback time
Globally avaitable PV module recycling services

[T

ing Temperaure Range o

Temperature Coeffiest of Puss TetPusd) 325/ 7C lempesre g 5% 0 15°C]

Temperature Coeffiest of Voe o28%C

Normal Power Puax (W) 378.1 381.8 385.6 389.4

Temperature Ceeffient ofls: | %o ~a0myc

Mechanical Specifications

o gt

Leadwiret

Voltage at Pyax Viax (V) 168.8 169.7 170.6 170.8

Current at Pyax Iwax (A) 2.24

Open Circuit Voltage Voc (V) 211.9 212.4 212.9 2135

Short Circuit Current

Isc (A) 2.44 2.44 2.45 2.45

MECHANICAL DESCRIPTION

Length 2300mm

Comecters

Juncticn Sas

Bypass Dioce

carpe
T Frame atesat
...,_./'. | — Frore Glass
]

° Back Glazs

America's Solar Company Width 1216mm

19.3% 30YR

HIGH BIN EFFICIENCY LINEAR PERFORMANCE «  Designed, responsibly sourced, and manufactured in

Ercapsdarion Larinats maceral i edge sed

WARRANIY the USA Frame t Glass Adveswe | Sleon: Area 2.80m?2

Load Rating | 240082

98% 0.3% T ey o = Module Weight 39.7kg
wea  wows C R
DEGRADATION RATE - : Mose vn:m::@!.\:. v.\u:.cﬁ‘:;ta"mu Leadwire6 2.5mm2‘ 650mm (+) & Bulkhead (_)

e
°: = Connectors TE Connectivity PV4-S or alternate
§

Leam more about First Solar " ) N

and Series 7 TR = Junction Box IP68 Rated

Sl tonySt et iy o e b

Yours osrserae Vo Uaen e s ke cscurare o were cens

Bypass Diode N/A

Frs: Selar, . | Sstsolaceo | ifoReestsolarcom WFD.00680.0745 | 1N 2023

Cell Type Thin film CdTe semiconductor, up to 268 cells

T v e
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV Module - Mono / Poly Example

ENGINEERING

- N ARATTRA W e

MODULE SELECTION DRIVES DESIGN
— e “\\

L L

Y “
S — ELECTRICAL DATA | STC* 5
Nominal  Opt. Opt. Open Short A
1 . : ) I Max. OperatingOperating Circuit Circuit Module
CanadianSolar » : — Power Voltage Current Voltage Current Efficiency

(Pmax)  (Vmp) (Imp) (Voc) (Isc) .
CS7N-675TB-AG 675W  39.0V  17.31A 469V 1824A 21.7%
5% 709W 39.0V  18.19A 469V 19.15A 22.8%
10% 743W 390V 19.04A 469V 20.06 A 23.9%
20% 810W  39.0V  20.77A 469V 21.89A 26.1%

<

Bifacial
Gain**

MECHANICAL DATA

TOPBiHiKu7 SLecvcu pune | srce BATA | NMOT* Specification Data
ominal  Opt. Opt. Open Short inal _ Opt. Opt.  Ope;

N-type Bifacial TOPCon Technology Poasr Nohage) Barrent ﬁ!f.‘?ii‘. Gireene efeiency Powce folage Carrens Cell Type TOPCon cells
{Pmax) \V’Y\pl (Imp) {vox) (Isc) (Pmax)  (Vmp) {Imp)

675W~705W
CS7N-675|680|685|690|695|705TB-AG

CSTN-675TB-AG 675W 390V 17.31A qaav 1B24A 21.7%  CSTN-67STB-AG S10W 369V 1384A

Cell Arrangement 132[2x(11x6)]
s 709W 390V 18.19A 469V 19.15A 228% CSTN-680TB-AG_S514W 371V 13.88A A
o TN A0y J3MA oV A0IA D% ssreac siaw 32y 1191y 1a¥®4 QDimensions 2384 x 1303 x35 mm (93.9x51.3x1.38 in)

20% Bl1OW 390V 2077A 469V 2189A 26.1% ™ ] W A4V 94 4,
CSTN-GBOTB-AG 6BOW 392V 17.35A 471V 1B29A 219% CSTNEINBAG 522 274V 129 14838

% 714W 392V 1822A 471V 19204 230y  CSTNEITEAG S6W 376V uza B\Weight 37.9 kg (83.6 Ibs)
Bfaclal 1oy 7asw 392y 1909A 471V 2012A 201%  CSTNJOUTEAG 529W 378V Ay s 2.0 mm heat strengthened glass with anti

Bifacial
Gain**

A Gain** e =
MORE POWER 0% BI6W 392V 2082A 471V 21.05A 263%  CS/N-JOSTB-AG 53W 380V 455V _1495A
CSTN-GESTB-AG 685W 394V  17.39A 473V 1834A 221% o

Front Glass

12) S 719w 394V 1826A 473V 1926A 23.1% reflective coatin
Module power up to 705 W (1 Enhanced Product Warranty on Materials Biacal 10w sew 394V 1914A 473V 2017 24 18 ECHANICAL DATA g
ile efficiency up 10 22.7 % \\ny and Workmanshig* S0 20w B22W 394V 2087A 473V 2201A 165’0 S aciCalls P Back Glass 2.0 mm heat strengthened glass
CSTNGO0TB-AG 690W 396V 1743A 475V 1839A specification ety

5% 725W 396V 1831A 475V 1931A CeliType JOPConcalls

Up to 85% Power Bifaclality. 30 \ b S e s e Rifacat wu 759W 396V 1917A 475V 2023A 244%  CellAmangement  132[2x(11x6)]
more power from the back side Vears 4 e B2BW 396V 20924 475V 2207A 267%_ Dimensions 23841303 %35 Mm (939 % 51.3 % 1.38in)
ST essvsus 695w 398V 1747A 477V 1BAGA 22.4%  Weight 37.9 kg (836 Ibs)
: 730W 308V 1834A 477V 1936A 235% 2.0 mim heat strengthened glass with anti-
Excellent anti-LeTID & anti-PID performance. e e s s Bfaclal o 765W 398V 2018A 477V 202BA 248% oo reflective coating
Low power degradation, high energy yield Subsequent annual power degradation no more than 0.4% 20% 834W 398V 2096A 477V 22.13A 268%  BackGlass 2.0 mm heat strengthened glass
3 aradin Salr CSTNT00TBAG 700W 400V 1751A 479V 1B49A 225%  Frame Anodized aluminium alloy ° . .
5% 735W 400V 18B39A 479V 1041A 237%  J-Box 1P68, 3 bypass diodes COm ar On . hln Fllm / POl
R Bifacsl 10w 77OW 400V 2022A 479V 2034A 248%  caie 66 ) 10 AV 01 I
Lower temperature coefficient (Pmax): 0.29%/°C.  yyayAGEMENT SYSTEM CERTIFICATES* 20% BHOW 400V 2101A 479V 2219A 27.0%  Cable Leng! 410 mm (16,1 i) (+)/ 250 mim (9.8 ) (-} or
1 increases energy yield in hot climate CSTNTOSTEAG T0SW 402V 17SSA 481V 18SSA 227  (nclaing Connector) 2000 mm (871 (414 1400 mim (S50 )
oW 7aw 02V 1843A 481V 1547A 238%  Comnector 6 or M saies Area: 2.8/3.1 = 90%
i T76W 402V 2027A 481V 2039A 250%  perPallet 31 pieces . . . =
Lower LCOE & system cost e TV S8 T8 per Container (40' HQ)Zag Bioces OF 496 pleces (only for US &

mimvem—— ‘ Power: 510/ 675 = 76%

b,

S s Net Power / Area: 84 %

Operating Temperature -40°C - +B5°C
Max_ System Voltage 1500 V (IEC/UL) or 1000V (EC/UL) .
Module Fire Performance TYPE 29 {UL 61730) or CLASS C (IEC61730) Temperature Coefficient (Pmax) 0.29%/°C ‘N; ht- 105 q
Max Series Fuse Rating 35 A Temperature Coefficient (Voc) 0.25%/°C elg . (%
Application Classification Class A Temperature Coefficient (Isc) 0.05%/°C

Power Tolerance 0~+10W Nominal Module Operating Temperature 41 £ 3°C

T —— ' Other: Shading & Temperature,

PARTNER SECTION

MORE RELIABLE

Minimizes micro-crack impacts Spacification Data

Heavy snow load up to 5400 Pa,
wind load up to 2400 Pa*

T ch e oGS il b .

st Solar Co., Ltd. is committed to providing high quality solar

photovoltaic modules, solar energy and battery storage solu- * Th specications by feoures contoied i hsdetasheet maydete sy from ur sc 9 o 'y
i 5 csiasi e commpar s pecionlasi e ok L o s Bifacial boost. de ar adation. etc
module supplier for quality and performance/price ratio in the further nosice. P 9 4

\at P moduies shead be handled snd estaled by cuolfied pecgle who
the satecy and

IHS Module Customer Insight Survey. Over the past 22 years, it
has around 100 GW of p quality
solar modules across the world.

Canadian Solar (USA) Inc. £2023 | All rights reserved | PV Module

—
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System design for utility-scale solar PV and Battery Energy Storage Systems

'MODULE SELECTION DRIVES DESIGN
P g

Orientation of the PV modules

- For a fixed tilt system, face it towards true south and at the "

N
same angle of your latitude. This gives maximum year long

power output.

For those smaller sites, you can increase the angle by
another 15 degrees for winter and decrease by 15 degrees for
sumimer.

;,}' Or, use trackers. Most utility-scale projects use single axis

trackers.
ARSI, 00O

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
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System design for utility-scale solar PV and Battery Energy Storage Systems

INVERTER SELECTION INFLUENCES DESIGN

. ‘w--':“—ﬁ W '\%——’7{.= ‘ - )

ENGINEERING

Inverter efficiency will affect your final array or field power output

~ Choose your inverter KW size for your system, but keep in mind system X
reliability.
You do not want to put all your power through one inverter.

Is your system stand alone, grid tie, or a hybrid? Carefully choose your
inverter for your application.

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV / BESS Design

INVERTER SELECTION INFLUENCES DESIGN

N

= When there is enough Voltage produced by the array, the
inverter turns itself on and the voltage output will synchronize
with the utility voltage, within the inverter limits, and as the
input DC voltage increases, the output voltage stays the same,
b but the power output increases. The turn-on voltage is user

- programmable within a predetermined amount. UL 1741 type

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV / BESS Design

INVERTER SELECTION INFLUENCES DESIGN

B

N

~ The inverters have a min and max voltage input, a max
current input, a peak efficiency, and an ambient temperature
range.

Don’t forget to shade these if you want to put them in the
desert. Also, don’t run them hard in the high-heat areas.
Inverters have an altitude rating, mount these in the

. 4§ mountains and then you derate them like HV breakers.

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
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System design for utility-scale solar PV and Battery Energy Storage Systems

Evolution of Smart Inverters

ENGINEERING

SMART INVERTER

Inverters of the past would only be capable of feeding power from generators like solar directly to the grid.
‘ Newer smart inverters have been developed to operate in both directions and can now dynamically respond to
g any abnormal grid conditions. By doing so, they increase the overall safety, reliability, and security for the .
entire system. Through sophisticated sensing and power electronics, smart inverters make decisions
autonomously on how to best keep the grid stable and reliable. These devices are growing in importance as ~

distributed energy resources (DERSs) such as solar, fuel cells, and batteries continue to proliferate.

’ " : : : : X
- Most importantly, smart inverters dynamically provide grid support during voltage and frequency R

disturbances, and offer the capability for secure communications with other local or utility controllers. For

instance, during an abnormally high or low voltage or frequency event, instead of immediately going offline,
a smart inverter can be programmed to rapidly switch into standby mode and ‘‘ride through” the event, turning
off only if the disturbance lasts longer than anticipated. This allows DERs to help maintain the balance

- between load and generation, while also allowing customers to continue exporting for longer.

In addition to riding through voltage and frequency disturbances, smart inverters can also improve the

% reliability of the grid by producing or absorbing reactive power along with real power. By tuning the reactive
N

on the system and avoid unintended impacts to utility and customer equipment.
oo, U vy - T pu

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA

: !! power levels on the grid, smart inverters can help suppress some of the large voltage fluctuations DERs create

Tropenas Company Licensed Engineering Firm: MA, TN, TX Copyright © 2008-2023 All rights reserved
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System design for utility-scale solar PV and Battery Energy Storage Systems

1EEE STANDARDS ASSOCIATION = -

IEEE Standard for Interconnection
and Interoperability of Distributed
Energy Resources with Associated
Electric Power Systems Interfaces

IEEE Standard Conformance Test
Procedures for Equipment
Interconnecting Distributed Energy
Resources with Electric Power
Systems and Associated Interfaces

STANDARD FOR SAFETY

Inverters, Converters, Controllers and
Interconnection System Equipment for
Use With Distributed Energy Resources
UL1741 and A, B Supplements
Equipment Standard
. * Provides the basis for UL listing of an inverter
* UL 1741SB inverters uses 1547.1 testing
*  Covers inverter construction, ratings,

IEEE Standards Coordinating Committee 21

ISTANDARDS

oordinating Committee 21
Sponsored by the Fuel Cells, Photovaitaics, Dispersed Generation, and Energy Storage
ML Standards Coordinating Committee 21 on Fuel Cefls, Photovoltaics, Dispersed
Generation, and Energy Storage

L IEEE Std 15472018
3 Park Averce (Rewision of IEEE Sad ) 547-2005)

New York, NY 100165997 WLE S0 1547 572020

markings, and protection

. The latest UL 1741 Supplement B (SB),
added in 2021, conforms to the testing

IEEE 1547.1-2020
System Testing Requirements
»  System testing for voltage and frequency

At St 20 et . ot b, ot . Gt 83653 @ 1853 80-57C b €K ot e s

IEEE 1547-2018
Interconnection Requirements
*  System requirements for voltage and frequency

requirements set forth in the 2020 revision to
1547.1. With the release of UL 1741 SB,
manufacturers can now produce UL1741 SB

responses

*  Device surge current testing

*  Harmonics testing

*  System protection & grounding listed inverters. By doing so, this ensures

* Islanding testing

*  Operation of DERs as an island

- devices have been tested according to the
o latest IEEE standards, and can safely provide
the required grid-support functionality.
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems Qe
S =4

Site factors N
| Siefactos ©

ENGINEERING

Utility-scale PV Layout Design

What factors should you consider when
selecting sites?

Slope: North-South, East-West

Trees / obstacles K
Wetland

Setbacks

Zoning

Interested landowner / neighbors
Neighboring parcel

POI: Grid close to distribution / fgansmissi
View from PV (horizon)

View of PV (screening)

Historic preservation / wildli
Soils / geotech / bedrock

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
Tropenas Company Licensed Engineering Firm: MA, TN, TX Copyright © 2008-2023 All rights reserved
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System design for utility-scale solar PV and Battery Energy Storage Systems

Site factors

T e

—
Keys to Good PV Site Selection:
Goal: Select a site that will maximize the amount of
electricity that the solar PV system can generate during _
periods that are aligned with the utilities payment structure. i’ G Res,
S P Py B N : :
PV source factors impact on layout:
-  The amount of sunlight that the site receives
- The slope of the site
- The presence of trees or other obstructions (near obstructions)
- Horizon height locations (far obstructions)
- Surface Albedo (Reflection from ground grass, rock, water, etc.

- = = o = <8
Utility payments impact on layout: -~ —— Civil impact on layout: .= | Development impact on layout:
- Time of day rates £ % - Wetlands Y Availability
- Seasonal rates %g - SetpaCkS ~ The cost of the land
m=====% - Drainage ~ Permitting and Environmental

Racking impact on layout: - Soil / Rock © Aesthetics

Solar Panel Orientation - Stability, Soil Mechanics, etc. | Zoning regulations

- Fixed Tilt (more density) -  Grading

; | 3 Fire Codes
- Single Axis Tracking i <
-  Bifacial Single Axis Tracking

N

ﬁ

=%

Electrical impact on layout:
- Proximity to Interconnection

- Soil Thermal Properties
- “Squareness”
—

.

g

§

" A
g ¥

A
\
W

B\

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com

Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
Tropenas Company Licensed Engineering Firm: MA, TN, TX Copyright © 2008-2023 All rights reserved
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System design for utility-scale solar PV and Battery Energy Storage Systems

Site Selection and Layouts can have significant impact on overall cost:

Supply Chain, OH, Margin

Design, Engineering & Permitting
Direct Labor

Structural BOS

Electrical BOS / DC Electrical BOS
Inverter / Inverter & AC subsystem
Module

Total

10% Budget Contingency
Recommended Budget

Other Costs
~ Utility Interconnection Costs
" Development Costs
Financing / Insurance / Bonding Costs
Operations & Maintenance Costs
** Note: Cost will vary by market and
project size

Bill Novak, PE., MSE, MBA

Tropenas Company Licensed Engineering Firm: MA, TN, TX

Q3 2021 US Utility Scale Average Targets (S/Wdc)

Low
Target

$0.27
0.04
0.12
0.13
0.06
0.03
0.41

S 1.07

0.11
$1.18

aggressive % %

$10,798

Target Total

Supply Chain, OH, Margin $2,036| 24%

Design, Engineering & Permitting 275 275 3%

= Direct Labor 926 975| 12%

= Structural BOS 1,007 1,060/ 13%

;j Electrical BOS / DC Electrical BOS 427 449 5%

g Inverter / Inverter & AC subsystem 262 275 3%

== Module 3,104 3,404 40%

== Total $ 8,037 $ 8,475] 100%
e
—

~ 10% Budget Contingency 804 848

* Recommended Budget S 8,841

Note: Tax Credits have not been deducted fro above.

$9,323

$11,878

Aggressive | % of High High vs.
Target Total Target | Aggressive Comments / Risk / Opportunities
$0.27| 24% $0.33 23% Misc. items to be split depending on development structure
0.04 3% 0.07 94% Civil, Electrical, Structural designs for permitting
0.13 12% 0.16 24% Subject to inflation and local availability
0.14  13% 0.24 70% Subject to inflation and local design conditions N
0.06 5% 64% Subject to inflation and lead times
0.04 3% 14% Subject to inflation and component shortages / lead times N
0.45  40% 0.4 9% Subject to inflation, shipping and tariff structures. LT Supply Agreement.
$1.13| 100% S1.44 27%
‘ 0.11 0.14 \
( S1.24 / S 1.58 l

High Target |
$ 2,505

533

1,208

1,800

735

314

3,704

1,080

(615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA

Copyright © 2008-2023 All rights reserved
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Review of PV Irradiance - )
and Geometry 2289

ENGINEERING

Photovoltaic Solar Resource
‘The United States of America, Spain and Germany

Figure 2: Solar position angles and the corresponding Cartesian coordinates. The global
Cartesian coordinates are found by treating the solar position angles as spherical coordinates. In
this case, the corresponding Cartesian x and y coordinates are positive and negative, respectively
(sun in eastern and southern sky).

al

L9
E=
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Review of PV Geometry

ENGINEERING

L

-+

When the backtracking angle is calculated for the trackers A an8 a shade on the tracker C (at lower altitude) is

Figure 7. Cross-section of two adjacent tracker rows. The tracker axes point into the page and ar unavoidable. Here half the tracker is shaded.

not visible in this 2D diagram. The two optimal positions P1 and P2 eliminate row to row shading
P1 and P2 expose the same cross section to beam irradiance and are symmetrical around the
true-tracking position, shown as a dotted line perpendicular to the solar vector.

v " P

. Inversely when the tracker B is lower than the tracker A, the tracker C has not an optimal tilt for collecting the whole available sun's light. A
better tilt would intercept more light, this corresponds to a loss due to the cosine effect.

: -- - I‘. = — = .-_;‘ - = _ ; " S ."{“’ s
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Simulation of PV Geometry

e ——

ENGINEERING

Shed tilt optimisation At Albany, A"ay orientation = 0° Shed Mutual Shading at Albany, (Lat. 42N7°5:;'hN, long. -73.80° W, alt. 85 m) - Legal Time
3 sheds, Coll. width = 3.0 m, Inactive band = 0.0 m, Constant limit angle = 20.8° X
1.25 i v ! 4 I : g ' 4 I o 4 b 4 I : g > Tl B eeesssas Shading limit, angle =20.8° 1: 22 june
. -==~ Shading 20 % 2: 22 may - 23 july

Pure transposition (one only plane)
Irradiation with mutual shadings (constant limit angle = 20.8%)
-~ With electrical shading effect for Cell = 15.6 cm and 1 strings in width

120} —] .
Shading loss = 2.8% N |

sl C:rz

Tilt = 30° Tilt = 40°
[48s% |[403% |

]

====Shading 40 % 3:20 apr - 23 aug
4: 20 mar - 23 sep
5:21 feb- 23 oct

6: 19 jan - 22 nov

7: 22 december

Tilt=20°
1.10F Coll./ground area -

Arumal Imad. or Energy by respect. to Horizontal

Tilt = 10°
N .
1.05 Fixed faci ng South Shed Mutual Shading at Albany, (Lat. 42.75° N, long. -73.80° W, alt. 85 m) - Legal Time
Tilt = 5° % T T T T T T T
-------- Shading limit, angle =20.8° 1: 22 june
“o=- Snasng20% 2 2may-23 iy
75} —---- shading 40 % 3:20 apr - 23 aug |
| | | 4: 20 mar - 23 sep
1.00 5:21 feb - 23 oct
6:19 jan - 22 nov
0 10 20 30 40 60 7:22 december |
Shede nlane tit -
Visualisation / Optimisation of sheds = ] X Shed Mutual Shading at Albany, (Lat. 42.75° N, long. -73.80° W, alt. 85 m) - Legal Time =
2 s
Shading limit angle: 208° g ;mw o .Ingu o ' ! T nzm B
Ground coverage ratio: A(coll)/ A(ground) = 0.45 ---- Shading20% ' 222 may - 23 juy 5
===~ Shading 40 % 3: 20 apr - 23 aug |
4: 20 mar - 23 sep
5:21 feb- 23 oct
6: 19 jan - 22 nov 15
7:22 december
= Behind
£ the plane
b |
% 45 -120 -90 -60 -30 0 30 60 90 120
1 L L L I L g Azimuth [T}
0 2 4 6 8 10 12 14 6 =
30
“Sheds

Pitch l_ggg_

Collector band width Iggn—
Top inactive band W
Bottom inactive band lﬁﬁz——

Orientation |

Tik w0

2 -
Azimuth (0.0 =1

G S .
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System design for utility-scale solar PV and Battery Energy Storage Systems BN

Simulation of bifacial modules

ENGINEERING

Diffuse

BIFACIAL MODULE Diffuse

on rear side

Beam on rear side
(summer evening)

Ground

Reemitted to rear side Albedo Reemitted to front side

A Tracking Strategy tends to optimize the
trapping of the sun's rays; therefore there
is less beam irradiance reaching the
ground.

In June, the beam fraction on ground is
44% with tracking, and 60% with sheds
systems.

18 20
Hour of day 21/06/18 Hour of day 21/06/18

Tracking system Shed system 25° south
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H
e
PVsyst V7.3.1
VC1, Simulation date:
02/01/23 10:21
with v7.3.1

System design for utility-scale solar PV and Battery Energy Storage Systems

Project: Bridgewater 2

Variant: 550W FS3005K 01-27-2023 Tracker Shading trees
NoBacktracking MonthlyAbedo

Tropenas Company (United States)

Near shadings parameter
Perspective of the PV-field and surrounding shading scene

Array

Iso-shadings diagram
Orientation #1

Shading loss: 1%
Shading loss: 5%
Shading loss: 10%
Shading loss: 20%
Shading loss: 40%

In neight 1)

Shade profile angles vs.
time and season

RENEWABLE ENERGY

ENGINEERING

3: 20 Apr and 23 Aug
4: 20 Mar and 23 Sep
5:21Feband 230
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV design - Conductors

B
Electrical impact on layout:
- Proximity to Interconnection
Soil Thermal Properties
- “Squareness’

ENGINEERING

310.60 ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING —

Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 Volts,
60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable, or Earth
(Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

T e e i S NEC code vs. simulations
: S e T | Direct bury, conduit, free air
S— ?Ez"; Temperature Rating of C
e e 60°C (140°F) | 75°C (167°F) | 90°C (194°
o = = T = | Types TBS,
= | ¢ | 2| 2| % SIS, FEP
: 5 : - . FEPB, M|
: | B | & | B | & RHH, RHV
e [ m [ w THHN,
" e = R THHW,
“ m 5 THHW, THW, THWN-2 e _
THWN, USE-2, XH S
b e e + XHHW, USE, XHHW, ‘ -
e . e @ :7.:: CTW. U -
Size AWG or | TYPes TW, UF W XHHW-2, ZW-2 | IS Al '
K ikl F°”“”'asl kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM
nown Resistance Current Voltage
Values (R) 1) ) or O1F orr ¢
;;r‘:;\:‘fe e . V= bRt P = I%R ‘_).')” ‘-) l 2 ‘-;:)‘:3 ‘-,EN) l 7“ 2(’5 t_):{“
T— ) . 300 24(0) 285 320 195 230 260
curen | R=T i 350 260 310 350) 210 950) 980
Power
pbll E V- T 400 280 335 380 295 270 305
Resinonc [ 1= & pe ¥ 500 320 380 430 260 310 350
Power & e 1= [B V=vBR e : : :
Resistance . .
e D - ——— https://www.nfpa.org/NEC/About-the-NEC/Free-online-access-to-the-NEC-and-other-electrical-standards
Power P TV

T T T T —
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Interconnection design ; ~
Voltage, Current and Power \
ENGINEERING

IDENTIFYING THE VOLTAGE LEVEL BY NUMBER OF
INSULATOR DISCS

Identifying Interconnection Voltages by
Counting Utility Line Porcelain Insulators

_ -y = — _ Discs Line Voltage
’ ' " 3 (kV)
/
3 34.5
4 69
6 115 /
8 138 /) ,
11 161 g 4
14 230 > -
15 287 ’ ) 7
18 345 -— <
, Line kV Current (A) Power (MVA)
23 00/ /" aus 600 36
4 400 69 600 72
. L 15 600 120
= S 138 600 143
59 750
60 765 161 600 167
230 600 239

: 287 600
XY Y 345 600
s W 500 600
= Source: World of Engineering
https://twitter.com/engineers_feed

¢ it L 13

3:345kV 10:115kV  7: 115 kV

i . "

-
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System design for utility-scale solar PV and Battery Energy Storage Systems

PV / BESS Design

Trench calculations

3
DUCTEANK LOADING

QAD (MWAWH X
- o FCAR LOAD (MW) |

- | §- s
e | TRENCH AS REQUIRED OADFACTOR | <% |
< | soLmounD 2 -3 4— | FowsHED GRADE

/ PVC CONDUIT (24W3 SHOWN; # & SIZE AS REQUIRED)
/4 24'W3 = 23 WAY 3" FOR 300-600KCMIL FV

ofeoNoReleeXof |
+ o

F T |
g R ~ N PROVIDE 2° FOR UP TO 18 210 FV STRING
AN

CONDUCTORS
S EHHD @ ROAD CROSSINGS: PROVIDE MINIMUM 1

Lt () A )
[ T . BANDORCLEANMRL: > i [0 . MBS SEEDONE s
SAND O CLEAN FLL EXTENDING 3 FEET ON EACH SIDE AND
CAFFED FOR FUTURE USE.
(03)A<.LOC TRENOH SECTION - TYP. UP TO TWENTY-FOUR " CONDUITS (D.8. WHERE RE
iy

_= ey

M:‘Y;AL-

RENEWABLE ENERGY

ENGINEERING
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BIRD AND BAT BOXES

Thesewillbe  _  SSaE eSSl
located around the
perimeter of the
site to encourage ‘
bats to roost and
birds to nest.

BEEHIVES
Beehives on the
solar farm will
provide pollination
services to support
local farmers and
agriculture.

The land around and
beneath the solar panels
will be sown with native
wildflowers and grasses

to support habitats

for bees and other
pollinators.

-

-
‘..

Transformer

System design for utility-scale solar PV and Battery Energy Storage Systems

PV / BESS Site Design

WILDFLOWER MEADOWS

EDUCATIONAL BENEFITS

We organize trips to the
solar farm so children from
local schools can learn about
science, technology and energy
generation.

RENEWABLE ENERGY

SHEEP GRAZING
The land around the solar
panels will be maintained
where economically feasible by
sheep grazing in winter, after
the meadows have seeded, to
keep land in food production.

PV w/ "
DC coupled BESS "

9 MWh BESS
8.3 MW DC
5 MW AC
11.3 GWh

B it b

Bill Novak, P.E., MSE, MBA

(615) 538-8519 bill.novak @tropenas.com

Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA

Tropenas Company Licensed Engineering Firm: MA, TN, TX

Copyright © 2008-2023 All rights reserved


mailto:bill.novak@tropenas.com

RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example simulations
1-Axis Tracker - NY

ENGINEERING

Project: Iso-shadings diagram

ud
55= Variant: 550W FS3005K 0 5 MWac gtrees Orientation #1
NoBacktrac.....; ..., —__C 90 - . - - - - .

e e , [—— Shiding oss. 1% ' ' : T 22 e i
02101/23 10:21 Tropenas Company (United States) =-=== Shading loss: 5% 2: 22 May and 23 July
with v7.3.1 ————  Shading loss: 10% 3: 20 Apr and 23 Aug]
75 |- =-=== Shading loss: 20% 12h 4: 20 Mar and 23 Sep
| ==-== Shading loss: 40% 11h 1 5: 21 Feb and 23 Ocy

Layout with tree shading model &: 19 Jon and 22 Noy

120

Sun newgnt [7)

N o == Azimuth [7]

Shading Losses by season / time
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example simulations
1-Axis Tracker - NY

ENGINEERING

Iso-shadings diagram

o Project:
wll " x 2
e Variant: 550W FS3005K 0 5 MWC g trees Orientation #1
PVsyst V7.3.1 NoBacdiachgmeneysrwous 90 . T | — T T
VC1, Simulation date: - | === Shading loss: 1% 1: 22 June ]
02/01/23 10:21 Tropenas Company (United States) =-===Shading loss: 5% 2: 22 May and 23 July
with v7.3.1 ———— Shading loss: 10% 3: 20 Apr and 23 Aug]
Near shadings parameter 75 [~ =-=-== Shading loss: 20% 12h 4: 20 Mar and 23 Sep|
| ==e== Shading loss: 40% 1 5: 21 Feb and 23 Ocy
6

Perspective of the PV-field and surrounding shading scene

System Production r v N2 “
Produced Energy 10.25 GWhlyear = / ¢ S -
b IR0
LA

: 19 Jan and 22 Nov4
: 22 December

45

Sun neight |7}

-

Performance Ratio PR
Normalized productions (per installed kWp) 120 90

12 | | | | | | | I

| I | 1 ] ] | |
11F [l PR pedormance Ratio (ver vn - 0.730 x

10F =

Lc: Colection Loss (PV-array lossas) 1.27 kWinikWo/day

Ls. System Loss (rverler, ) 0.1 KWhEWpiday - DC coupled Storage
Y. Produced useful energy {inverter output) 3.86 kWr/kWa/day

G R e ey
Clipped Energy Harvest

Qi
05
04}
03f
02
. : ; 01 f

6AM NOON 6PM
TIME OF DAY 0O

Jan Feb Mar Apr May Jun  Jud  Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun Jd  Aug Sep Oct Nov Dec

1.0MW

POWER

Noemalirad Focryy [kWhEWp'day|
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System design for utility-scale solar PV and Battery Energy Storage Systems

Example simulations
1-Axis Tracker - NY

Representative Modeling Profile: Year 1 target generation for a SMWac Project

1407 kWh/m?

-0.93%
-1.00%

599 kWh/m?* * 34292 nv* coll.

efficiency at STC =21.24%

11.64 GWh

-1.14%

-217%
-1.62%
+0.75%

-1.50%
-1.10%
-0.46%
10.82 GWh
-1.41%

-3.02%
N 0.00%
N 0.00%
N-0.01%
N 0.00%
N -0.03%
10.34 GWh

N -0.07%
N 0.00%

) -0.85%
N -0.03%
10.25 GWh

Loss diagram

+35.4%

-14.44%

RENEWABLE ENERGY

ENGINEERING

Global horizontal irradiation
Global incident in coll. plane
Near Shadings: irradiance loss

|AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to iradiance level

PV loss due to temperature

Shadings: Electrical Loss acc. to strings
Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Night consumption

Available Energy at Inverter Output

Auxiliaries (fans, other)

AC ohmic loss

Medium voltage transfo loss
MV line ohmic loss

Energy injected into grid

rov -~ rav l
Meteo data Simulation and parameters uncertainties
Source Meteonorm 8.1 (1991-2005) PV module modelling/parameters 10%
Kind Monthly averages Inverter efficiency uncertainty 0.5 %
Synthetic - Multi-year average Solling and mismatch uncertainties 10%
Year-to-year variability(Variance) 6.3 % Degradation uncertainty 1.0 %
Specified Deviation
Climate change 0.0 %
Global variability (meteo + system) Annual production probability
Variability (Quadratic sum) 66 % Variability 672 MWh
P50 10246 MWh
P90 9384 MWh
P95 9141 MWh
Probability distribution
0.50 == —— T ——— T
04sf
P50 = 10246 MWh
VAU §
0asf- E
030 f B
£ oasf B
0.20f —_
) = 9384 MWh ]
015 'j
010 P95 = 9141 -
005 —_
0.00 2ol I vl Vi . Pl PP B
8000 8500 9000 9500 10000 10500 500 12000 12500
rid system pr

Example Losses

Probability distributions of first year generation

NOTE: Models based on preliminary assumptions.
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System design for utility-scale solar PV and Battery Energy Storage Systems

BESS

DC coupled storage

ENERGY SELLING

' SURPLUS

_‘@'_ ENERGY

Level of Solar
Energy Created

Reduced level of

energy purchase
assisted by storage
battery

Energy Consumption

EARLY S—

NIGHT TIME MORNING
BATTERY E
STORAGE 9

i

Hours Available for Discharge
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System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layout
(not square)

coomD:
LAYOUT AND INSTALLATION DETALS Wity
wrn.

P A - SECURTY PENCE
BEE aviy

5 sTaTION 8
2.200 KA TRANSPORMEN PAD. NG
AC SWITCHEOAND
oaS Bxa

E PACKING NCU RS 2

0

|

|

MV AND FIEER TO STATION A
DUCTEANK A2. (SEE E103)
o

INMADUANGE SENSONS: POA. MECEMENCE CELL.
BACK OF MOOULE TEMPERATUNE SENSOR

STATION &

2.200 WA TRANSPORMEN BAD. NG
\, G SWITCHEOAND
/ ™ L2 DAS B30 8 B
£ X PACKING RAL NCU P 1
s - e
o UG MV TRENCH P01 TO STATION A
OUCTEANK A1 CONTINUATION TO 501 T DUCTRAN A1, (B2 £163)
| £ SrEET E100

VRCETITY STAEET THE sk 1 THE 0 ETY OF
LTI CONET AT WY e KB L s T
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System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layout 2

ENGINEERING

GENERAL NOTES

T PROPOSED SOLAR ARRAY SYSTEM
SUPPORTED ON SINGLE-AXIS TRACKERS

o i 1. AEFERTO SINGLE LINE DIAGAAM FOR DETALS.

s oot s e § S e s
o R e AR P

= . : >

e = T f e

o =
| PropeRTY ne
2 7 SRR e
L8 17¢] BOVERTER) DELTA 5 'ACCOMMODATE ALL CONSTRUCTION, OPERATIONS.

= e e e
= o]

e 3

o 5 S PARCEL DATA FOR REFERENCE OW.Y. REFERTO
e

& UTITY EQUIMENT 8 SHOWN FOR REFERENCE
FURFOSES ONLY, 1S NOT FOR CONSTRUCTION, AND
MAY BE CHANGED BY THE UTILTY AT ANY TIME IN T2
FuTURE.

1O FROM CIRECT BURY W) SCH 50

& CUSTOMER MAN GENERATOR DISCONNECT TO BE
LOCKABLE WITH 24-HOUR'? DAY ACCESS AND
CONTROL BY TE UTILITY AND THAT T 1S CAPABLE OF
'SENG LOCKED I THE GPEN POSTION WITH A VISELE
sREAK

STATION B
500 KVA TRANSFORMER TX-2

GROUNDING TRANSFORMER T2:2

AC RECOMBINING SWITCHBOARD S8-2

5. DRECT SURY/ TRANGITIONS TO CONDUIT AS
FEQUIRED FOR AL UG FEEDERS | HOMERUAS.

10. DO NOT TRENCH THROUGH WETLANGS UNLESS
PERMITTED 5 CL DRAWINGS.

LEGEND

20 WDE SITE ACCESS GRAVEL ROAD

UG MEDIM VOLTAGE DUCTBANK

MV AND FIBER TO STATION A
UCTBANK A2, (SEE E-103)

15 MEDRA VOLTAGE DUCTEANK 230 FIEER

1100FT= PROJECT SITE SECURTTY FENGE
eRoPERTY L
15260 OVERHERD POWER LIES
soov scunes
UG TRENGH FOR TRACKER CONTROL POWER
STATION &

2,500 KVA TRANSFORMER TX-1
GROUNDING TRANSFORMER TZ1

AC RECOMBINING SWITCHBOARD SB-1
3,200 FT= TO SWITCHGEAR

DIRECTIONAL BORE
WHERE CROSSING WETLANDS

SITE ACCESS GATE (SEE CvL)

ELECTRICAL SITE LAYOUT PLAN E -

=
v
:

RRCT A% o Trncr

POL: SEE DETAIL A1
THIS SHEET

L @®navonunuy sevice. —/

28014

\--U/G MV DIRECTIONAL BORE / TRENCH TO STATION A

DUCTBANK A1, (SEE E-103 FOR CABLE / CONDUIT SIZE, SEE CVIL FOR BORE)
200

ZOOM OF INTERCONNECTION POINT

CONIENTULIT STITEUBT IS DRAAING IS TE SROFERTY oF JOSEM NOWK @ THIS IECAVATION IS CONPLENTISL A6 15 T0_BE USED)
GhLY Tt CONECTON Wy WORK DEGEAIEED REREN. N EARY 1S 16 BE HScLisEb To CTHERS WML MeTTDL ERilsicr_CorAIGHT 2023
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layout 2
(MUItlple modules) ENGINEERING

PROPOSED SOLAR ARRAY SYSTEM

SUPPORTED ON SINGLE-AXIS TRACKERS

180 DEGREE AZIMUTH (1P x VARIOUS TRACKERS)
COORDINATE LAYOUT AND INSTALLATION DETAILS WITH MFA.

STATION B
2,300 KVA TRANSFORMER

NGR-2

AC RECOMBINING SWITCHEBOARD
DAS-EN3

QP SCADA SECONDARY CONTROLLER AND /

'WEATHER STATION, SEE RACKING DRAWINGS

MV AND FIBER TO STATIONA —4mM——————————————=
DUCTBANK A2, {SEE E-109)
1.030=

IRRADIANCE SENSORS: POA, REFERENCE CELL. <3
BACK OF MODULE TEMPERATURE SENSOR Y

LEGEND

20 'WIDE SITE ACCESS GRAVEL ROAD 12 FT RACKING POST W/ QCC SCADA PRIMARY  ——__
CONTROLLER AND WEATHER STATION, SEE L
WG MEDIUM VOLTAGE DUCTBANK RACKING DRAWINGS ~l

WG MEDIUM VOLTAGE DUCTEANK AND FIBER

STATION A
PAOJECT SITE SECURITY FENCE 2,300 kVA TRANSFORMER
NGR
—— PAOPERTY LNE AC RECOMEINING SWITCHBOARD

DAS-EN1 & EN2, WEATHER STATION ‘ ¥
—_— O — 1324V OVERFEAD POWER UNES 3,200'= TO SWITCHGEAR

AND DAS-ENO MAIN GATEWAY
SEE SHEET E-100
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layout 3

Optimizing conductors ENGINEERING
R " 1 [ e — e R e . = N i »

PAD 2: AC INVERTER / COMBINER FEEDER SCHEDULE
CORRECTED TOTAL
SLD # FEEDER | OCPD WIRE  |ONE WAY .| voLTAGE CONDUIT

5 FROM TO | paratier | FEEDER | 'yoioesr | TrIP AMPACITY | CF | FEEDER CONDUIT CONDUCTORS CABLETYPE |\ e | EnGTh | /1000 DROP | VOLTAGE | ="

\RA AMPACITY DROP
(A) (A) (A) [75C(A)|90C (A) (A) (\ (F1) (OHM) (%) (%) (%)
3 P2.1 SB-2 2 540 675 |600A* [ 680 | 770 | .97 747 TWO 4" PVC / DB. | EA. WITH THREE #600 AL & ONE #1 CUG | 1KV/RHW-2D.B. 600 30 0.0353 0.1% 1.3% 24%
3 P2.2 SB-2 2 540 675 | 600A* | 680 | 770 | .97 747 TWO 4" PVC /D.B. | EA. WITH THREE #600 AL & ONE #1 CUG | 1KV/RHW-2 D B. 600 290 0.0353 0.8% 11% 24%
3 P2.3 sB-2 2 540 675 | 600A* | 680 | 770 | .97 747 TWO 4" PVC /D.B. | EA. WITH THREE #600 AL& ONE #1 CUG | 1KV/RHW-2 D.B. 600 443 0.0353 1.2% 1.5% 24%
3A P24 sB-2 4 540 675 | 6O0A* | 1240 | 1400 | .97 1358 FOUR 4" PVC / D.B.ll EA. WITH THREE #500 AL& ONE #1 CUG | 1KV/RHW-2 D.B. 600 646 0.0424 11% 1.5% 19%
3A P2.5 sB-2 4 540 675 | 600A* | 1240 | 1400 | .97 1358 FOUR 4" PVC / D.B.JJ| EA. WITH THREE #500 AL& ONE #1 CUG | 1KV/RHW-2 D.B. 600 933 0.0424 15% 2.1% 19%
2A | INV211 | P21 1 135 169 | 150A* | 230 | 260 | .97 252 25'PVC/DB. WITH THREE #300 AL & ONE #6 CU G 1KV/RHW-2 DB 600 947 0.0707 26% 2.7% 30%
2 [ nvz2i12 | P21 1 135 169 | 150A* [ 205 | 230 | .97 223 2.5"PVC/D.B. WITH THREE #250 AL & ONE #6 CU G 1KV/RHW-2 D.B. 600 189 0.0847 0.6% 0.7% 30%
2 [ nv213 | P21 1 135 169 [ 150A* [ 205 | 230 | .97 223 2.5"PVC/D.B. WITH THREE #250 AL & ONE #6 CU G 1KV/RHW-2 D.B. 600 93 0.0847 0.3% 0.4% 30%

_ | -conmmouenano
£RACIONG DRAWINGS

.| [Mv2as :
| fi7sTANGS) |

HH AT 5§ - - ) | 7 st
POA REFERENCE CELL. —_ H
« M | ERaTURESENSOR ~ IERREo ! ‘ ‘
| 1ace scaoa PrnAY y '
7 STRINGS

. a'| ‘ vw?u‘ '
7STRNGS! 117 sTRNGS|

e

creosD b
0ASENT & ENZ WEATHER STATION = \
3250 T0 swiTCHGERR ——
/ UCTBANK A1 CONTINUATION TO P01
caTEway
sz s

ANDDASENO MAN
sresTEN0

R
O
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RENEWABLE ENERGY

Example Layout 3
Tree shading ~

NGINEERING

-
AND ALL APPLICABLE LOCAL, STATE AND NATIONAL
'CODES 0 REGULATIONS.

EOUPENT STULL B LISELED PER NEC 850 AND
TLITY RESUATINS.

DECEMSER SHADOW LINE - 50 RELATNVE TREE. — v
HEIGHT ASSUMED Pl n

4. 20 ACOESS ROADS SHALL BE OESIGNEDTO
ACCOMMODATE ALL CONSTRUCTION, CPERATIONS,
MANTENANCE. AND UTLITY TRAPFIC THROUGOUT
THESITE FEFER TO Wi, DAAMINGS.

DECEMBER SHADOW LINE - 80' RELATIVE TREE

HEIGHT ASSUMED

% PARCEL DATA FOR REPERENCE ONLY. REFERTO
IGINAL WORK B OTHERS.

5 SWTCHGEAR DIMENSION PENDING MANUPACTURER
DRANINGS.

DECEMBER SHADOW LINE - 50 RELATY
HEIGHT ASSUMED

— PROFOSED SOLAR ARRAY SYSTEM
S ‘SUPPORTED ON SINGLE-AXIS TRACKERS
------- ALSE L 180 DEGREE AZIMUTH. COORDINATE
LAYOUT AND INSTALLATION DETAILS WITH
MFR.

e Ty e
[Sememmo pemaaer =
S e gy

[ e

vEER woseL s
. ETER RATG (8590 =
Gomnrrr =

3 swvesTene: ) .
ook e ¢ ot s o
WaraGE Br oow

o

NiOEULES e B =
DECEMBER SHADOW LINE - 70 RELATIVE TREE [ToraL & or Sracs o7 Ry = |
HEIGHT ASSUMED | B3 o

ForieeE e

DECEMBER SHADOW LINE - 60' RELATVE TREE —— T sevEsTeR woouE ez mee |
HEIGHT ASSUMED == Srrese

arRGE @7 =W

Gomry =

oTUES s e =

[TovAL & o GnGs @ R W) =

= s
@ orox sasase TaacKERS ENE

LEGEND

| e | 20/ WIDE SITE ACCESS GRAVEL ROAD

DECEMBER SHADOW LINE - 30 RELATIVE TREE
HEIGHT ASSUMED

——— U4 MEDIM VOLTAGE DUCTRANK e

———— L4 MEDIM VOLTAGE DUCTEANK AND MEER

~ DECEMBER SHADOW LINE - 30 RELATIVE TREE
PROJECT SITE SECURITY PENCE ~—e HEGHT ASSUMED
PROPERTY UNE ‘ = DECEMBER SHADOW LINE - 0" RELATIVE TREE
T oucreawar covmnuanonToroy HEISHT ASSUMED
1228/ OVERIEAD POWER LNES SEE SHEET E100
sc0s Ao vEs . ) s
e — N
- 40 TRENGH POR TRAGKER CONTROL POWER 7

ONFDENTIAUTY STRTEVEXT: THIS DRAMNG IS THE PROPEATY OF JOSEPH NOwak. PE INFORUATION 15 CONRCENTIAL 44D 15 T BE
LY IN CONNELTION WITH WDSK DESCAISED HEREN. NO FART IS TO BE OISCLOSED T0 CTHERS WITHOUT WAITTEN FERUISSION. COPYRIGHT 202
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layouts
Fixed Tilt - Ballasted Landfills

ENGINEERING

Monthly
Production

Annual AC energy in Year 1 3,770,235 kWh ||| Annual AC energy in Year 1 3,812,809 kWh
DC capacity factorin Year 1 14.4% DC capacity factorin Year 1 14.6%

Energy yield in Year 1 1,263 kWh/kW ||| Energy yield in Year 1 1,277 kWh/kW
Performance ratio in Year 1 0.70 Performance ratio in Year 1 0.71

'GCR: 0.5 _ﬁ GCR: 0.3 (+1%)
e

2 MWac
3 MWdc

.
May Jul Aug  Sep Oct No Dec
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

BESS

ENGINEERING

AC coupled storage
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example AC coupled BESS

ENGINEERING

AC coupled storage
5.6 GWh

SUBSTATION TRANSFORMER AREA
TvP OF§)

(1) 343KV BREAKER

(1) 343KV TO 34.5kV TRANSFORMER
(4) 345KV SWITCHGEARS

AC coupled storage
4.5 GWh

PROFOSED BATTERY STORALE
W X
10,000 Megapack 2XLs / year

1 Megapack every 68 minutes
5GWh Deployed

FROPERTY LNE

e 3
A \ @\ R

i

(a1 ELECTRICAL SITE LAYOUT PLAN E

:\51/' ——
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System design for utility-scale solar PV and Battery Energy Storage Systems ),
Example Layouts
Fixed Tilt - US Navy

ENGINEERING

=

»
L £

Parking canopies

Fixed Tilt Site overview
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RENEWABLE ENERGY

System design for utility-scale solar PV and Battery Energy Storage Systems

Example Layouts s S
Fixed Tilt - US Navy o

ENGINEERING

N )
\\\/\JV///‘
NS

= P
Fixed tilt - piles

(615) 538-8519 bill.novak @tropenas.com
Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
Tropenas Company Licensed Engineering Firm: MA, TN, TX Copyright © 2008-2023 All rights reserved
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System design for utility-scale solar PV and Battery Energy Storage Systems e
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ENGINEERING

Thank you!

Bill Novak, P.E., MSE, MBA

Tropenas Company
President and Chief Engineer
(615) 538-8519

bill.novak @tropenas.com

Uy =

Bill Novak, PE., MSE, MBA (615) 538-8519 bill.novak @tropenas.com

Licensed Professional Engineer, S.P.: AL, AR, FL, GA, KS, KY, LA, MA, MD, ME, MI, MN, MS, NM, NY, NC, OH, SC, TN, TX, UT, VA
Tropenas Company Licensed Engineering Firm: MA, TN, TX Copyright © 2008-2023 All rights reserved
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