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WE ARE TOROMONT CAT

Toromont Cat is your Cat dealer in

= Eastern Half of Canada (Manitoba to Nfid)

= Largest Gaseous Gen Set Supplier in Canada
= More than 200 Power-only Field Technicians
= Over 180 Natural Gas Projects in E.Canada

* 16 MW LNG Mining Power Plant (Stornaway)
= Caterpillar population 24.4 GW 27,700 units (as of 2013)

= Engine production in some markets expected to be
predominantly gas product by 2025

)»"» BRANCHES QAZ)NOEEQ-I-

71,600+
PIﬁQﬁéIQ%H%R CHNICIANS

TOROMONT

Power Systems




POWER SYSTEMS

Toromont Cat Power Systems is an industry leader in the supply and integration of
backup and prime power generation systems, rental generators, marine engines and
industrial engines through customized engineering and packaging

PRODUCTS SOLUTIONS
Natural Gas Generators Global Adjustment (GA)
Diesel Generators CHP Systems (Cogeneration)

Storage Systems Micro grids
Uninterruptible Power Supply Rental Power
Automatic Transfer Switches Parts & Service

Switchgear & Paralleling Controls Generator Inventory
Controls and Switchgear Electric Power Retrofit

Power Accessories (

-
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Microgrid

Any localized grid with its own power generation resources, loads and definable
boundaries and acts as a single controllable entity qualifies as a microgrid.

A power grid that: ﬂ" m@\ () e '-J\)
1. Can operate independently and ._) R e | o
,'-‘“-le..--‘. s
2. Operate in conjunction with the area's ¢ -
e -

main electrical grid
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Microgrid Components
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Trends

Global Electricity Capacity Additions
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Trends

Lithium-ion battery price outlook

Lithium-ion battery pack price (real 2018 $/kWh)
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Trends
Natural Disasters
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Trends

Net zero emissions

Lifecycle emissions in electricity generation
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f/ Optimizing
the Solution

Cat Solar Photovoltaic (PV)

PVC415 o High Efficiency for Space

Shingled-Cell Mono PERC Constrained Applications

PVC445/450 - Mono PERC

PVBA45/450 — Mono PERC Bifacial ~ © -OW Cap-ExProduct

More than 100+ MW of Solar PV sold since the Launch!

TOROMONT
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Monocrystalline Bifacial

s (Ground Albedo=30% Ground Albedo=50% s (Grpund Albedo=80%

(87

Bifacial Gain

ot Backside Energy Yield: Albedo
0 = e r}:Zigh[ {Ml:,'z i + H Bifacial gain improves with increasing ground Albedo
_ ol | f.." ‘i'“‘
« Same as monocrystalline 02035 HEANINIRRA °*
S Cement MNew Snow
e . & Albedo: ﬁ';?;dﬂ' S — .
« Utilize backside of the panel . 0 | bitacil gain
f almost linear
. N (T = ¥ i with ground albade
A = E[E:-?ch:-IH - ?s;halt | I E :wm A
* Improved energy capture —_ 005015 ' .

i — ——— - —

TOROMONT

Power Systems




TEMPERATURE CHARACTERISTICS (STC)
Module Operating Temp. Range (°C) 40 to +85
Temperature Coefficient of Pyep Tl Ppep) -0.350%/°C
Temperature Coefficient of Voc Tk(Vac) 0.284%/°C
Temperature Coefficient of I Te(lsc) +0.050%/°C
DURABILITY TEST CYCLE
Accelerated | Competitor Cat Cat
Tests products’ Product Advantage
Damp Heat 1000 hrs. 2000 hrs. 2x testing hrs.
Thermal .
Gl 200 cycles 600 cycles 3x testing cycles
PID (85°C/85RH) 96 hrs. 192 hrs. 2x testing hrs.
Mechanical Dynamic + Much less cell
MECHANICAL LOADS load®* Static Thermal Cycle + breakage
Rear Side Max Static Load 2400 Pa : :
. Validation of earl
Hailstone Test 25 mm hailstone at 23 m/s| |LID Not required |60-100 kWh/m? hour performanc:
Pass Validation of long
LeTID Not required . term PERC
proprietary test
performance
Salt mist Not required Pass IEC test Validated for
Ammonia Not required Pass IEC test use in

harsh ' t
Dust and Sand | Not required Pass [EC test arsh environmen

T ear




Proven Energy Yield
* 19.6% to 20.9% efficiency
- -0/+35W positive power tolerance

Module Warranty

» 10-year warranty for materials and processing

- 25-year warranty for linear power output. Produces
more than 98% power in the first year, then declining by
0.45% per year, ending at 87.2% power after 25 years.

100%
98.0%

95%

90%

87.20%

Power Output

85%

80% ]
0 5 10 Years 15 20 25
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Array Orientation - Altitude & Azimuth

/ Zenith
\\ Surface

Azimuth: The Sun’s position from east to west; it is the angle between
true south and the point on the horizon directly below the Sun.

The Incident Angle
Solar
Array Sincident
Shorizontal
Incident
Angle/ Smoadule
o
% B o+
o
a B

horizontal plane

Incident Angle: The angle between the sun’s rays and a line
perpendicular to the array surface.
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C140 Gearless
CPV Tracker

Ground Mount Ground Mount Ground Mount
| Fixed Tilt Single Axis Tracker Dual Axis Tracker

Rooftop " Carport
Ballasted Cantilevered and Tee

LT car




Energy Yield - Fixed vs Single Axis Tracker vs Dual Axis Tracker

Z

15-25% Gair
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Inverters u . ﬂ

UL Three Phase 33 kW — 150 kW,
CSA U L approved UL Single Phase 3 kW — 7.7 kW

8-STRING HARNESS (3 CONTRACTOR (3"} DCDISCONNECT ("p" SMA TRIPOWER 24000TLUS INVERTER
“p T PROVIDED Y 4OA IO0OVDC. -t 1000VDC, 480VAC, BO0HZ, UL1741
| JUMPER [ uuirenmemasx
s BARE CU | | | ==
EQUIPMENT GROUND
GONDUCTOR ] | |
GROUNDING CONNECTICN TO RACK { 4
SYSTEM EQUIPMENT GROUND = T | | AC QUTPUT
______S-E'"ﬂmﬁﬁip*i____L_ | | |

OO T W .>m| II". 1 se—

1
: i I | (Ch—
W ' — T
I R T I e
: : |
: ! I .
| m_" }n—? l I I {: catERPLLAR | (B)-, DC-LOAD BREAK SWITCH #1
| Lo | | PROVDEDI L N, |~ TELERGONZFVAD,
e BB ey LE
1 W L_feouT -
| T !
e CHANNEL
e |aa | !
[— e
E= E |‘“ - (ISP i
I
3 3 i CATERPILLAR
— -4 PROVIDED! |~ ! DC-LOAD BREAK SWITCH #2
A | POSITIVE l TELERGON ZFVAD,
| ¥-CONNECTOR i 4-POLE. 1000V, 40A
| ZouT__ -
EB'{—'} E = |o L _|_"_ S| oummes
. - B
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Inverters

Technical dota

Input [D4C]

Movimum aray powsar

Maoximum system vohloge

Roted MPP vollogs range

MPFT oparating wologe range

Minimum DC valtage / stort vologs

MPF trovckers / shrings. por MPPF input

Moximum opanating input comendt / por MPF tracker
Moximum short circuit current per MPPT |/ por siring input
Output [AC]

AC nominal powsar

Maoximum apgarent powar

Crutpedt phizsas/ Ino connections

Fominal AC valtoge

AC wolioge ange

Maoximum output currant

Rofed grid froquency

Grid freguancy / range

Fowar focior ot roded power / odjustable displocemant
Harmerics THD

Efficiency

CEC officiancy

Protection and sofety features

Load rated DC disconnad

Load mated AC disconnec

Ground fouh moniioring: Rise / Diferential currest

DC AFCI arc-fault protection

SunSpac PLC signal for rapid sharidown

DC revorsa podarity prohection

AC shor circuit pratedion

DC surge profection: Typs 2 / Typa 1+2

AC sorge protadtion: Type 2 f Typa 142

Profection cless / overvolioge category os per UL B40]

Sunny Tripower CORET 33-U5

50000 Wi STC

330V._BDOV

J3300'W
FI 3000 Wil

40 A

Sunny Tripower CORE1 50-U5

75000 Wp 5TC
1000

150V /1BRY
G/2

120 A,720 A

DA S 30 A

50000 W
53000 Wik
3/ 34N):PE
48OV /277 VWYE
244 ¥ .. 305V
64 A
&0 Hz
50 Hz, &0 Hz /-4 Hz... +4Hz
1/ 0.0 lsoding ... 0.0 logging
3%

Sunny Tripower CORED 62-US

93750 Wp STC

550V..800V

G2300'W
SH000 W

a0 A

IR

UL Three Phase 33 kW — 150 kW
UL Single Phase 3 kW — 7.7 kW
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Heliscope Analysis

Ground Mount Array - South Side (35deg) Revised

# Repaort |snl Systern Metrics § Project Location
Praject PV.C - LIPEL - COCEA Design Ground Mount Array - South Side
i s [35deg) Revised
Praject 5524 5 Peters Road in 5L Peters Bay, Kings Module DC

194 T Lk
Address County, Prince Edward Island Mameplste 1.7 kW
Prepared  Colleen MoWilliams Inverter AC 100.0 kW
By celirer@solaralliance.com Narmeplate Lgad Ratin; 1.32
Annal p %
Production 2.3 MW
Perforrmanas
91, 2%
Ratla el
K¥h/ Wi 1.384.1

VWeather Dataset THY, 10km l.'1lr d, metEnnarm
[mateanarrm)

EBabtcldcl 2-d6b0589812-d64 b5 1 def
2475begfad

Simadator Varsion

[l Monthly Production O Sources of Systern Loss

Iraciance: 0.1% 3 ¢ Shading: 1.8%
|

Mizmatch: 4.4%

e Rpflectiorn: 3.0%
T Wiiring: 0.0%

Clipping: 2.7%
AT System: 0L5%

Invwesrbers: 2.3%.



@ Condition Set
Description
Weather Dataser
Salar Angle Lacation
Transpasition AMode|

Temperature Madel

Temperamure Modsl

Parameters

Condition &t 2-PYCAXX Blfacia

TBAY, 10kmn Grid, metesnonm (metesnormi]
Maten Lat/Lng

Perez Mode

Sandia M

Rack Type a b
Fiwed Tilt 3.56

Flush Maount

& Annua

Production

Description

Temperature Delta

aC
0°C

Irradiance
(EWhim)

ual Global Horizos

rraiandg

Dwtput
tal Irradiance

POA Irradiance

after Reflection

¥ Delua

Fast-West 1,56 0,075 37 rradiance afer Solling 1 c %
—— | 1,07 3L

Total Collector Irradiance

1,517.5

] MNameplate 200,984.7
Solling (%]
o e c . c c Clutput at 200,727.3 ). 1%
= = ) 3 3 ) 3 3 =] ] )

rradiation Varianos

Cell Ternperature
Spread

(W)

Chutput

Constramed DC Output

After Mismatch

timal DC Output

Madule Binnine Ramn T 1o - :
— S —— rvertar Outpur 2 3%
AL System Darate 0.50% Energy to Grid -0.5%
uploaded Temperatura N
Modulg = terization
Madule wy
Characterizations A CALEMEDZH 0021 0.Caternillar PYCA4SAMBOSH.PAMN

Caternillar
(Caterpillar) aterp

Upleaded

Simulation Metrics

Device Characterization : n e,
Camganant By Liperating | Ak
Characterizations - - 5 Sk
Sunny Tripower Core
(ShIA)
&= Components E.Lon
Component Mame Count Description Combinar Poles String Size stringing Strategy
sunmy Tripower Corel CEC Wiring Zonea - 4-17 Along Racking
Inertars ew e -
L2NIA]
Strings 10 AWE {Copper)
e op Fieels TIenLs
. Caterplllar, FYC445MBOZH 131.7
htodule (4458 K Description Racking Orientation Tile Azimuth Intrarow Spacing Frame 5ize  Frames Modules Power

it Vertical) 35° 186.20168% 2 2574 2 296
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Heliscope Analysis
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Equipment Schedule Wire and Conduit Schedule & eolar
Tay()  Descrotion 2 | Make Model Notes Tag'\| Insulation Type and Coker | Ga | # | Concut Type | Concuit Size = alliance
Mol 206 | CAT PUCA45MBIZH T2Cell, Bifacial d
2 mwerter 2 ShA Tripower Core SIKW A P Wire {Red Black) o |2 HONE MiA Gumpany Centict Ik mason
3 AL Combiner 1 TED | 480V, 2004 Bus, 3 Slobs | INEMA 3R, Metaliic Bare Copper EGC 0] 1 Solar Alliance Southeast
4 AC Disconnect 1 TBD 4B0V, 2004 MEMA 3R B THWMZ (B, 0., Gr) 4 |4 TED TED 2708 Martin Mil Fike
N o ] Knoaiille, TH 37920
5 Transformer 1 TBD 480V to GO0V EGC (Graen) 8 PH: (B65) 3004674
& Systemn Monitoring 1 TED TED C THIWN-2 (Brown. Gray] w |2 TED TED pe—
D THWN-2 (Br.0.Y.Gr} 30 |4 TBD TED P
o ) ; lake Flewa
w17 EGC (Green) [i] Ik agh tom
17 ¥]

2004
.
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x17 .
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2
x16 2p
1
oA |
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AL Cutgat Curmant B48 - -
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B et el Ciecall Guren e
1. Liswral axprecind ambien! larmgaiaiute il ] Py Wochsbe Fabegs ot 5TG
birnaed gt BEHAAE mifafrurn e axlfers Maming: Eleciriesl shock s ks Elda, —
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Ml barrparatire or ABHRAE lecstin e e Cperating lipul yotage E00N-S004 e LEM
Fruel adfrie o e e o f ecation Wiz DT Cument pad mpul £y WP TOELA
Tha O comdusien of his g itk wpslin —
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Custose Inboirnation

FE24 5t Peters Rd,
Saint Peters Bay, PE
C0A 240, Canada

Single Line
Drawing

TOROMONT

Power Systems



Battery Energy Storage Systems (BESS)

Bi-Directional Inverter - BDP

DT7E Electric Power Train

* Provides intelligent
charging and discharging
of energy storage
solution

* Leverages technology
developed for the
electric drive machines

* 1000kva rating

LT car




Battery Energy Storage Systems (BESS)

Cat® BDP1000 Energy
Storage Inverter

The Cat®* BDP1000 (Bi-directional Power) energy
storage inverter provides reliable control of the
Energy Storage System (ESS). Integrated
controls provide complete management of the
charge and discharge of the ESS. The BDP1000
is compatible with a range of storage solutions
and can be packaged with the ESS. The
patented Cat non-linear droop control system
allows ultra-fast response for smooth reliable
power off grid.

Grld Support
UL1741 (pending)

« |[EEE1547:2018

« (Grid following

+ Provide Reactive Power

« Voltage and Frequency Ride Through

* (Open Phase Detection and Anti-islanding

« High Rate of Change of Frequency Ride Through
(ROCOF) (= 100Hz/s)

+ Voltage Regulation by Power

Parallel Ready
Plug-and-play paralleling with other power
sources.

LT car




Cat Energy Storage Solution

* CAT BDP Features
* Line-interactive
* Seamless transition between charge and discharge
* Grid-Following or Grid-Forming or Grid-Firming
* NREL test “exceeded expectations”

Li-ion
* Fault Clearing Capability Minutes fo hours o energy
« VAR PF Conditioning HINREL S;_?[Iable capacity to enable time
shifing
* Bierioad 1000 ofcycls
* Speed e
Ultra-Capacitors

Seconds of duration of energy
Used alone or in conjunction with
Li-ion

1,000,000's of cycles,

LT car




Cat Energy Storage Packaged Solutions

L (1
P
C
TR
- /\ 0
A e i
= [ |
= < - 0
1
1. §
1
L)
.-"J"'-—..——
i

Factory Built and Tested (Plug-n-play)
Includes fire suppression equipment
Options for Environmental Control (HVAC)

Cat Bi-Directional
Inverter (BDP)

TOROMONT
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«  Power and energy battery type
~ 2Cand0.4C
~ 1000V DC
* Air cooled, NMC chemistry
— Leading Power Density
«  World class quality supplier
— Industry Leader
» Factory installed and tested
« Rugged rack design where needed

Continued technology development
to meet cost, quality, and
performance

LALLM

LT car




Energy Storage System - Safety

+  Multiple nsk mitigation options for fire management
- StatX Fire suppression system
» Smoke and heat detection
»  Aerosol fire refardant
»  External fire alarm and manual pull station
= Optional Li-lon Tamer Off gas detection
*  [ntegration with power conversion system

~ Optional Dry water pipe Fire Control Panel  Fire Department Aerosol Fire
+  Integrated distribution with heat activated sprinkler heads Connection Suppression
Generator

«  Electrical Safety Provisions
- Door Interlocks P
~ Container AC circuit breaker and interlock circuit with inverter = 1
- Integrated battery/inverter DC interlock circuit |

- Active system temperature monitoring (Transformer, Inverter, |7 '
Battery) ACB
reaker

LT car




Caterpillar Energy Storage Standard Product Options

'm--. R PGS1260 Design
~ : '-. ’ MObi\EOFSt&tiOﬂaW . Rugged Connections
_ W! _ + IMWBi Di(ectic{nallnvener + Integrated Controls
it ' F?kah{ hg*; discharge battery s Transient Assst(Grid Stabilze
+ Isolation Transformer + Fire suporession
PGS1260 HD PGS1260 o Trai ‘ i i
6K W W Iverter 672K w/ T nerter bincbond - It T 17

+ Seamless Genset Integraton — + Communications

ES1.5H0.6MW Design ES2.5HOMW

« Stationary + Stationary

+ IMWBI Directiopallnverter 2 5NNhrslow discharge batery
* 1.5MWhr slow discharge battery , Eie suppression

* Fire suppression « HVAC

* HVAC, Inverter Cooling
¢ + Communicafions v AMWhr /1MW as a set
ES1.5H0.5- 1MW ES1 5SHOMW + Seamless Genset Integration |+ Transformer to 480-690V
1.5MWh w! {MW Inverter ES2.5HOMW » Scalable from 1.5 to IMWhr
1 R RMINR hattan Ak | Sl ||

LT car




Product Line Options and Scalability Performance Description
Product Type, Power, Energy

E
Ench produuctllne o2 bs : PGS, 840kW/1.26MW, 448/672kWh
paralleled to add power and .
capacity = r— PGS-HD, 1.26MW, 672kWh

x SR ES, 0.6MW, 1.5 MWh
s =SB ES, IMW, 3/3.5/4 MWh
= =) ES, 1MW, 5.5/6/6.5 MWh
_W_ ES, 1MW, 8/8.5/9 MWh

Cat* Electric Power Battery Power + Battery CATERPILLAR®

TIME SHIFT

» Slow Discharge / Slow
Recharge

» Low Cycle Frequency

» Peak Shaving / Demand
Charge Mitigation / CHP/
Time Shift Applications

» Usage More than 1 hour

CATERPILLAR’

LT car




Time Shift

+ Charge batteries when
PV is available (day)

+ Discharge batteries
when PV is unavailable
(night)

* Long duration events
—  Multiple hours

* Energy (duration) is
most important

525

375

300

225

75

0:00

- ” -‘\ ';itr:;::iﬂing with Energy
Extended
Autonimous
Period \.
6:00 12:00 . - 24:00
Time of Day
Eftect of BESS on Load Profile for Peak Demand Reduction (kW)
200
400 —
200 N
0
-200
-400
-600
-800
@@@@@@@@@@@@@@@@@@ & o S
P P o7 oF oF oF & T o oF QP o7
S FP PP PSS .QQ <§" Q.Q‘ Iy Q QQ' QQ QQ' QQ' PN M S S

b-'\-fb-q-@-.\}-gp-'\,-"p’aawb’\%q-.\g}-,&-“-\;w-%- s

. Existing BESS New

TOROMONT
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Scalable Grid Stability

eplat .
BATEISES Power New Scalable Design
Energy
20’ POWER BAY w/ 6
kBszzh 1MW RACKS
1344 20’ POWER BAY w/ 6 20° POWER BAY w/ 6
RACKS RACKS
Wh 2 MW

GRID STABILITY

Fast Discharge / Fast Recharge
High Cycle Rate

Flexible Application

Usage less than 1 hour

TOROMONT
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Electric power demand, 60-minute period illustration

gigawatts cla’

17
20
T T —— SMO0thed demand
16 actual demand
0
15 1 day

%3 W"'v
/

1e storage discharging energy to storage charging to serve future

7 serve demand demand

0 : . _
6:45 AM 7:05 AM 7:25 AM 7:45 AM
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Power Unit - PGS1260 or ES1.5H1MW (ES037)

Transformer Telematics
Exhaust Louver Antenna

Battery Container
: Interface with
Folio Doors . Waterfall/Stub up

LT car




Customer Connections

» Power Container
s AC Power 480/600V
— Qptional AC Shore power
~ Communications

» Interconnect to Energy Container
~ DC Power

— AC Shore power
— Communications




Power Unit - ES1.5H1MW

=
1

J-phase 480/600V 1000kva (+50%)
200A 3-phase 480V shore power
SCADA/Ethernet Comms

e

Battery Unit ES1.5HOMW

»  50A 3-phase 480V shore power
= 500kva1000y DC interconnect
+  Ethernet Comms

= |0

Warranty Period

For Cat Microgrnid Energy Storage Systems associated
with the Energy Storage System, the wamanty period is
B0 months, whichever comes first, starding from date of
sale to the first user.

For Master Microgrid Controller, the warmanty period is
24 months.

»  50A 3-phase 480V shore power
+  500kva/1000V DC interconnest
+  Ethernet Comms

« O

TOROMONT
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Power Unit - PGS1260/ES1.5H1MW 480V One Line Diagram - N America

DCEREAKERS

L FRELOLAREL
L ; . inir
: BOP INVERTER Wil 170K,
WAEENICS BRZAERS ypon sromwver
PRMARY + @ 'y
o0-1030vD Ll CUSTOMER
:,: - @ .%‘_E MKk
043
CIRCHT BAEAKERS
HE ) RAll S FOWEER
L H j——r“ SUBGESRRRENIOA CONMNECTION
TLAE -
wa-toane | ¥ ' '
B2 T Al *
" IZRALILHAPES

ETIRMAL 5k 08
T

Nina, R
] | — FCAF PUSER
rraac] b K [T
e i et JIVAC 3PH
BewITR
a0 DET
b | R
dia
r
1 L
4

2 [z ][]
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) PI..'!-'-.-".'FH BATTERY
CONTAINER CONTAIMNER
MMC
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Regular Maintenance

Air Filter Replacement 6 months* Mechanical Technician
(depending on environment)

Inspection and cleaning 6 months Mechanical Technician

Fire Suppression System 6 months Certified fire suppression

inspection and maintenance technician

Coolant Level Check and Top Off 6 months Mechanical Technician

Coolant Flush and Fill 6 years Electrical Technician

Replace Batteries 10-15 years* Electrical Technician trained for
(depending on project desigh  working on live systems up to
and use) 1000V

LT car




Cat Microgrid Master Controller (MMC)

CAT MMC . . .
——— Scalable master controller for any size microgrids

Integrates all energy sources (genset, renewable, utility)

Optimizes production of energy (lowest cost of electricity)

Ensures reliable operation

Open protocol can communicate to almost any source

LT car




Controller Options
for Every Situation

Power Metering

Comms Solutions

[CAT]

Weather_Station_s

| Weather Station
525553255553

.E.:’;T
L
" Bi-Direchonal
nverter Charger Enengy Storage

Cell
Load

Communications

..........

L EM |

Electronic Meter
{function block)

TOROMONT
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TPG M i crog ri d PV Fixed Array 250KW PV Tracking Array 250kW
System Diagram |

Energy Storage
Lithium lon Battery

250kW / 10 min System Controller

« “Fuel Save"” Controller— 1H2016

Energy Storage * MMC - 2X fuel savings -- 2H2016

Ultra-capacitor
250kW [/ 30 sec

3x
410ekW Prime

Switchgear

LT car




Remote Monitoring — Reports & Trending
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at Master Microgrid Controller (MMC) User Interface
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Remote Monitoring — Detailed Status
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Remote Monitoring — System Health
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« Sharanjit Singh
* Email : ssingh@toromont.com

* Cell: 416 578 1075
ToromontPowerSystems.com/Microgrids
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