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company presentation - Fields of Activity

Renewables & Energy Storage

= POWER SUPPLY

—  QOFF - GRID SYSTEMS

o

o

o

o

Solar Photovoltaics Systems
Wind Power Systems
Energy Storage Systems

EV charging Systems

— GRID CONNECTED SYSTEMS

o

o

o

o

o

Solar Photovoltaics

Wind Power Systems

Small and Large hydroelectric systems
Solid and liquid biomass energy systems
Biogas energy systems

Co-generation systems

Diesel, Petrol and Gas Generators systems
Energy Storage Systems

= LIGHTING PV SYSTEMS

= SOLAR STRUCTURES

CAR PORT (ENERPORT)
WAREHOUSE AND SOLARHOUSES

= SERVICES SUPPLIER

SERVICES

= Engineering Services

o

Financing Services

o

Due Diligence Services

EV charging System
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Renewables & Energy Storage

main components of microgrid systems

= System components cmTTTTTTIITTIITI Iy A1\ T micrearid site

—  Classification 4

O
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% Renewables & Energy Storage
[

renewable penetration, excess energy, diesel consumption / grid power use

« EXcess energy: loss and use

— Definition of excess energy — Definition of excess power
o The energy that cannot be used from the system in a period of o The power that cannot be absorbed instantaneously from the
specific time system

A system that can absorb the excess energy does not mean that it can
absorb the excess power

— Managing excess energy — Managing excess power
o Additional ESS energy capacity is required o Additional ESS power capacity is required
o ESS with important depth of discharge are used o ESS with high C rates are used
o ESS with low cost of capacity o ESS with low cost of C rates
— Use of excess energy — Use of excess power
o Deferrable loads o Dump loads

o Battery charging

www.est-res.com }
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Renewables & Energy Storage

main components of microgrid systems

= Conftrols PSR EE A1\ microarid site
& | microgrid site -

—  Classification .
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Renewables & Energy Storage

system revenues, operating costs and cashflow

= Forms of revenue
— FIT

o Fixed (uniform, reverse auction)
o Indexed on the electricity market exchange price

o Fixed price

o Indexed on the electricity market

o Indexed on a fuel price

o Performance based (RES fraction, power quality, number of outages)

— Savings
o Grid cost savings
o Fuel consumption savings
o Operation savings (power quality improvement, outages elimination)
o Maintenance savings
o Emissions savings

www.est-res.com |
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power quality improvement at a grid connected mine

Renewables & Energy Storage

Input data

— Location: East Africa

—  lLoad: 219 GWh/y | 25 MWa | 29
MW peak

— Initial configuration

o

o

o

o

Diesel Generators: 30 MW
Grid connection: 33 MW
Diesel 0.33 USD/kWh

Grid: 0.165 USD/kWh

— Approach: eliminated diesel
spinning reserve, improve power
quality

—  PPA Duration: 5 years
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power quality improvement at a grid connected mine

Renewables & Energy Storage

Operation data

Spinning reserve: 2.5 MW

Spinning reserve energy: 13.7 GW

Spinning reserve cost : 4.53 M USD/y

Power quality: during outage severe frequency
and voltage variation

Outage impact: rectifier fransformers
breakdown, loss of production during 1 h at (50
k USD/h)

Unreliable
Utility
132kV

30 MVA

Power System Basic Layout

Site: 33kV

—

S

)

T

D

4 { f ) )
|Qous 24[7

Operation

[ >

G0

Operated After Grid Loss

30 Units:1 MVA
Diesel gensets

11kV

8888

4 to 5 MVA Loads
11kV and 0.4kV

Fast Acting Switch
on Grid Event

SIS
A

10 MVA 10 MVA
Load Load
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Renewables & Energy Storage

power quality improvement at a grid connected mine

X5.00 =
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Outages analysis with diesels

Peak power of diesel gensets within 500 ms

Voltage drop

Stabilisation in 2 sec

Capability of diesel gensets to withstand this variation
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% Renewables & Energy Storage
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power quality improvement at a grid connected mine

« Outages analysis with BESS
—  An ESS operating at 2.5 MW constantly shall allow for
less than 1 sec
o up to 10 MW power
o a voltage from of 25% and more
o a frequency variation of up to 20 Hz

— Using a specially configured inverter a system can

! ) MW ~
withstand a sever voltage and frequency variation r__,.-fe'*";j::““

Area B
pad Shedding

Ramp up
Diesel

e R e I T T Ty

L 2

Area A |'= 1s
|1—3hedding_..|
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Renewables & Energy Storage

power quality improvement at a grid connected mine

« BESS selection criteria

« BESS technologies candidates

- Lead acid
o Standard lead acid
o Advanced lead acid (lead

—  Lithiumion

o Lithium Nickel Manganese Cobalt (NMC)

o Nickel Cobalt Aluminium
o Lithium Cobalt
o Lithium Iron Phosphate (LFP)
o Lithium Titanate (LTE)
—  Flow
o Vanadium Redox

o Zinc Bromide

www.est-res.com

Cost » Lowest fofal cost of ownership
) ) = Ability to address power and energy needs
Functionality » Operafional requirements of technology
carbon)
- « Simplicity of solution
Svitabil
vitability » Robustness of technology

* Climate and condifion performance

Other « Other usesﬂ

Advantages « Expandability
« Maturity of technology

. Risks » Potenfial safety issues
- Non-chemical storage » Implementation in similar applications
o Ultra-capacitors » Suitable and bankable suppliers

o Fly-wheels
o Hydrogen fuel cells

o Compressed Air Energy Storage (CAES)

EST RES follows the ISO 9001:2008, Quality Control System and is certified for the engineering, procurement, construction, commissioning
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Renewables & Energy Storage

power quality improvement at a grid connected mine

« technology maturity curve

Flow batteries

Lithium-ion batteries

Molten salt

Flywheel (low speed)

Sodium-sulfur (NaS) batteries

Supercapacitor

Superconducting magnetic
energy storage (SMES)

Hydrogen
Synthetic natural gas

Adiabatic CAES
Compressed air energy

storage (CAES)

Legend
@ Mechanical storage
@ Electro-chemical storage
O Thermal storage

Capital requirement x Technology risk

Pumped hydro
O Electrical storage

) storage (PHS)
@ Chemical storage

Source: AECOM Australia
Research Development Demonstration Deployment Mature Technology Time
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power quality improvement at a grid connected mine

« BESS siting implementation

—  Centralised
o easier to control
o energisation of distribution system

o bigger system requirement Centralised Distributed
—  Distributed R
’ better protection to critical loads . . = Single large system « Smaller storage unifs connected
Description : - .
o redundancy B T T o D P with critical loads af LV points
o more complex control point « Switches can isolate sections
o partial system energisation
Advaniages * Simple * Smaller overall system
+ Can infegrate on SNEL / diesel genset * Better protection of critical loads
bus (potentially less disrupfive « Redundant and independent (if
installation) one unit fails other loads remain
» Can keep entire distribution network protected)
energised
= Can protect transformers and other
equipment that may be reduce MIBF
if reqularly de-energised
WWW.esT—res.com} Esr;l'e:tjﬁof:g%v;snt‘gieml:go:ggl;ﬁogzoazflri)%rg?rrgrrﬁl.rg\);s;ir:in?;w:dis certified for the engineering, procurement, construction, commissioning page 13
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power quality improvement at a grid connected mine

Renewables & Energy Storage

« hybrid vs single technology

—  hybrid
combination of kore than one

o

technologies

— single

o

o

www.est-res.com

Hybrid Technology BESS

Single Technology BESS

less cost
High ot s « Combinatfion of more than a + Only one BESS technology able
Igher complexity single BESS technology to provide the power for both

more equipment « smaller storage units Areas A and B

« Optimum performance in Areas

A and B accordingly
simpler configuration - .- .
ier conit ven e Optlimum sizing of BESS: |
. *  One technology to cover the high + Less complex system
higher cost power density of Area A . )
_ + Easier fo control this system
«  One technology to cover the higher
energy density of Area B
»  Less MWh BESS = Cost Reduction
« Overestimation of the BESS
«  More complex system o
Drawbacks _ plexsy ) _ sizing, due to the Area A
«  BExtra equipment required (inverters etc.) . .
« Potentially higher cost
Egerjﬁof:g%vgsrrtgien::gozggléﬁogzoazfgmrg?rrg;?[rgzlls;ir:in?;w:dis certified for the engineering, procurement, construction, commissioning @




power quality improvement at a grid connected mine

Renewables & Energy Storage

« proposed solutions

ESS Options

System

@ Lead Carbon BESS (PbC)
+ Upto 2'500 cycles

+  C-rateis good
+  Low cost

@ Lithium Iron Phosphate (LFP)
+ Upto 4’500 cycles

+  C-rateis good
+ HighDoD

Ultra-capacitor + Li-ion
*  Optimal performance per
area

@ Flywheel + Li-ion

+  Flywheel has long life (15+
yrs) and good power
performance

Storage capacity — 3.6 — 5.0 MWh
Power conversion 7.5 MW

Storage capacity — 3.0 — 4.0 MWh
Power conversion 7.5 MW

Capacitor—7.5 MW (~6-7 kWh)
Storage capacity — 1.2 MWh
Power conversion 7.5 MW

Flywheel — 7.5 MW (~70 — 150 kWh)
Storage capacity — 1.2 MWh
Power conversion 7.5 MW

3.00
=~ Single1 5 50
2.00

1.50

1.00
0.50

™ Hybrid 0.00

1.32 -2.55
.—-
1.02 - 1.67 | 5
0.92-1.50 pessssese 0.96 -1.48
o ii e Opex
I Capex
PbC LFP Li- Cap Li - Flywheel
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power quality improvement at a grid connected mine

Renewables & Energy Storage

« BESS economics

—  spinning reserve can be saved up to 95%
— the saved energy will bought from the grid

— additional costs

o additional grid power to replace the diesel power provided by
the generators running as spinning reserve

o additional grid power to account for the energy losses in the
ESS

o operations and maintenance of the ESS
o insurance for the system
o financing costs for the system

— approximate payback: 2 years

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

4.53

Current fuel
expense

0.23

Remaining

spinning reserve

2.15

2.15

Additional Grid Net Diesel fuel
Power Cost Savings
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Renewables & Energy Storage

diesel displacement at an off-grid mine

=  Mine

— Location: East Africa
—  Load: 48.2 GWh/y | 5.5 MWa | 6.1 MW peak
— Initial configuration

o Generation: 10 MVA diesel generators

o Power cost: 0.38 — 0.44 USD/kWh (1.2 USD/I) (calculated — on
the field)

— Approach: specific budget, redeployable
—  PPA Duration: 10 years

—  Solution A — Solution B
o 30% of PV penefration => 1.65 MWp a 110% of PV penefration => 6.1 MWp
o No ESS o ESS = 3 MWh (stability purposes mainly) Lithium
o CapEx: 2.6 M USD o CapEx: 10.7 M USD
o Comments: o Comments:

- Pros: low cost, lower maintenance - Pros: low cost, lower maintenance, better generator usage

- Cons: irregular generator usage, lower fuel efficiency, lower —  Cons: higher CapkEx,
power quality

www.est-res.com |
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Renewables & Energy Storage

diesel displacement at an off-grid mine

= Mine
r_‘Mine
Kapglo i

— Location: East Africa
—  Load: 48.2 GWh/y | 5.5 MWa | 6.1 MW peak Katanoz,
— Initial configuration

o Generation: 10 MVA diesel generators

o Power cost: 0.38 — 0.44 USD/kWh (1.2 USD/I) (calculated — on
the field)

— Approach: specific budget, redeployable

Northern

Luapula

—  PPA Duration: 10 years

Peak [kW] Average [kW]
Crusher 227 204
Ball Mill 1,551 1,392

North-Western

angle Earth

Eastern

Grinding pumps etc. 287 257

Flotation cells and pumps 3,357 3,013
Fuel farm, Offices, Tailings 124 111
Laboratory, Camp etc. 539 483
TOTAL: 6'085 5'461

EST RES follows the ISO 9001:2008, Quality Control System and is certified for the engineering, procurement, construction, commissioning
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diesel displacement at an off-grid mine

Renewables & Energy Storage

Diesel generation cost

Diesel fuel: 1.2 USD/I

Initial diesel generator fuel consumption: 0.258 |/kWh
Actual diesel generator fuel consumption: 0.275 I/kWh
Actual diesel generator fuel cost: 0.33 USD/kWh
Operation and Maintenance cost: 0.035 USD/kWh
Actual diesel generator marginal cost: 0.365 USD/kWh

« Additional diesel generation costs

Not optimal operation of diesels
o Power variation

o Operation in lower regimes

o Inadequate maintenance

Fuel theft
Unforeseen maintenance requirements
Spinning reserve requirements

Solutions for diesel performance measuring

Power metering system

Fuel monitoring

Fuel analysis

Generator performance test

www.est-res.com |
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Renewables & Energy Storage

diesel displacement at an off-grid mine

Project specific constraints

No metered data available

24/7 operation

Preferably uninterruptable power supply

Low maintenance requirements

Large load variations

Solutions proposal

Solution Generators + PV — Solution Generators + PV+ Battery

o 30% max penetration: 1’650 kWp PV o 110% max penetration: 6’100 kWp PV

o Max. expected RES power: 1'485 kW PV o Max. expected RES power: 5'490 kW PV

o Max. expected RES power variation: 1'188 kW PV o Max. expected RES power variation: 4'932 kW PV

o At all times there must be a spinning reserve of: 1'188 kW o At all times there must be a spinning reserve of: 4’932 kW
CapEx - CapEx

o 2.6 M USD o 10.7 M USD

www.est-res.com
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diesel displacement at an off-grid mine

Renewables & Energy Storage

« Solutions analysis

Solutions analysis

Diesel Only

PV Hybrid
(30% pen)

1'650

2'578

PV-battery
Microgrid
(110% pen)

6'100

3'000

6'100

10'734

—  PV-Hybrid

PV-Hybrid + Battery

www.est-res.com }
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Renewables & Energy Storage

diesel displacement at an off-grid mine

Legend
Energy Centre area ., Diesel Generalor -

FG Wilson 1250
Energy Sources building KVA

) Fixed HiH structure Solar PV
Lv/M¥ Substation Ream LV/MV Substation Room Solar Inverter 200 ki

Diesel Generator [y wanome: S 7jmv.,m.m WL, g
Room ro ﬁ ﬁ Geor | ceoso ._; g

Diesel Generator 1|

oy | link e hemel Rovter sup cantroller
= ‘ v Pt
! ceolon Brergy Corte o 5
Diesel Generalor 2} .
1250 ki i J

H -
PGEOL0Z

Solar Photovoltaic

Battery Energy Storage
System

Bidirectional
Converter

Dlesel Generator 8
1260 ks | |

| —=
S GROLOE

Solar Inverter

Mine main Loads

Microarid Controller

Sub AC Dishibuflon Bourd
ACDACL

1 F;Sa Microgrid SubConiroller

Peak Load: 124 ki¥
Average Load: 111 kW

MV connection @, *‘
5

L Wired Ethernet Router

Power Quality Mulfimeter

. B Transformer
ESS and Converter Room Peak Load: 22710 i

Average Lood: 204 kW

———  low Vollage Cabling

Microgrid Confroller
FS LS Etemet Router link fa:

e, wiredd et
———— e o e AC bus
oLl Power Guality Meter
: tink to: |Ahemet Rovter g iay e @
Battery Energy Storage System (BESS) Eneny Centre o
Lithium, J030 Kish Bidirectional Cenverte| —— \ i LV or MV link
QPSP Bk 7EIH 1k 100 Communications
B8 XK

* B % Peak Load: 1'551 kW gonnectfion
) ceovos Rz Average load: 1392 kW

n
Switch
R — {@I
LB03 ' v

Peak Load: 3357 kw
Average Load: 3013 kW

Office Load, Fuel farm,
Tailings

Laboratory, Camp
efc.

Crusher

HE]
02 ﬂ
Flotation cells &
pumps

Peak Load: 287 kW
Average Load: 257 kW

Ball Mill

Leol ﬂ

Grinding Pumps

Peak Load: 539 kw
Average Load: 483 kW
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Renewables & Energy Storage

diesel displacement at an off-grid mine

« Project economics diesel + PV
—  CapEx: 2.6 M USD
— LCOE: 0.22 USD/kWh
—  Fuel savings: 255 k USD / year

— Sensitivity analysis of LCOE [USD/kWh]: —  Sensitivity analysis of fuel and O&M savings:
o lifetime [y] vs cost of capital [%] o Fuel cost [USD/I] vs cost of capital [%]
Levelised cost of power (USD / kWh)

Annual fuel savings Cost of capital

10.0% 15.0% 17.5%

291'766 249'404 205'255 159'469 112'193
Lifetime 0.274| Diesel cost 341'328 298'966 254'817 209'031 161'755

390'891 348528 304'379 258'593 211317

440'453 398'090 353'941 308'155 260'879

490'015 447'652 403'503 357'717 310'441

539'577 497214 453'065 407'279 360'004
Www.est-res.com /{é« ;‘.’:ERT‘ EST RES follows the ISO 9001:2008, Quality Control System and is cerfified for the engineering, procurement, construction, commissioning
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Renewables & Energy Storage

diesel displacement at an off-grid mine

= Project economics diesel + PV + BESS

—  CapEx: 10.7 M USD
— LCOE: 0.28 USD/kWh
—  Fuel savings: 623 k USD / year

Sensitivity analysis of LCOE [USD/kWh]: —  Sensitivity analysis of fuel and O&M savings:
o lifetime [y] vs cost of capital [%] o Fuel cost [USD/I] vs cost of capital [%]

Annual fuel savings Cost of capital
10.0%

Levelised cost of power (USD / kWh)

845'021 648'431 443'551 231'075 11'685
Lifetime 1'024'586 827'996 623'116 410'640 191'250
Diesel fuel 1'204'151 1'007'561 802'681 590205 370815
cost 1'383'716 1'187'127 982247 769'771 550'381
(USD / kWh) 1'563'281 1'366'692 1'161'812 949'336 729'946
1'742'846 1'546'257 1'341'377 1'128'901 909'511
Www.est-res.com % .é'i?i‘ ggegﬁof:g%sr:;n::ggzg?;zfogzo%?%rﬁ?rrgrrr?lrg\y;ﬁ;n?gsdis certified for the engineering, procurement, construction, commissioning page 24
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project risk analysis

« Country risk « Counterparty risk

—  Creditrating —  Shareholders

—  Debt provision — Insurance capability
= Regulatory risk —  Technology maturity

— PPA price change
— PPA duration change
— Dispatching curve

www.es’r-res.com‘ "‘~:§ CERT EST RE§ follows thg ISO 9001:2008, Quality Confrol _§ys’rem' and is certified for the engineering, procurement, construction, commissioning page 25
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Renewables & Energy Storage

contact
EST RES Lid. Local Partners
Switzerland Australia
Address: Rue de Lausanne 85, Geneva, GE, Switzerland Benin
D.R. of Congo
Greece France
. . . Ghana
Address: N. Plastira Street 4, 171 21 Nea Smyrni, Greece
India
Email: office@est-res.com Indonesia
URL: www.est-res.com Israel
Kenya
Malaysia
Turkey
] \ EST RES follows the ISO 9001:2008, Quality Control System and is cerfified for the engineering, procurement, construction, commissioning
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