DeVilliers Botha

Energy Storage - Technology
Changing the Energy Landscape
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Draft IRP 2016 Base Case

Nuclear and coal dominate the supply mix in 2050

Exemplary Week under Draft IRP 2016 Base Case (2050)
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Sources: CSIR analysis, based on DoE's Draft IRP 2016
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Least Cost Energy Mix

Least Cost is R60-75 billion/yr cheaper than Draft IRP 2016 by 2050

| As per Draft IRP 2016 | | AsperDoE |
IRP 2016 Base IRP 2016 Unconstrained
2050 Case Carbon Budget Base Case Least Cost Decarbonised
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Because of lack of J M coal I nuclear M Hydro+ PS Peaking Other storage Ccsp
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*Only power generation (Gx) is optimised while cost of transmission (Tx), distribution (Dx) and customer services is assumed as =0.30 R/kWh (today‘s average cost for these items)
2 Lower value based on McKinsey study (appendix of 1EP), higher value based on CSIR assumption with more jobs in the coal industry; Sources: Eskom on Tx, Dx cost; CSIR analysis; flaticon.com Source: CSIR
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Scenario: Least Cost

Solar PV and wind dominate supply mix in 2050, with curtailment and
variability managed by flexible gas

Demand and Exemplary Week under Least Cost (2050)
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New Build Generation
= Renewables (without solar power)
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* preliminary, estimation BSW-Solar e.V.
Sources: IRENA 2016 and BSW-Solar
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Global Solar PV Capacity
Solar PV Global Capacity and Annual Additions, 2007-2017
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Source: REN21 - Renewables 2018 Global Status Report
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Grid of the Future
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Storage Technologies

Chemical Battery (Li-ion; Flow; Lead Acid)
Pumped Storage

Compressed Alr

Flywheel

Thermal
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Bedferd Dam Surge shaft
Nanonal grid
@ @® Pumping mode -
—. @ (@ Elcericiy flow during low
& | ® electricity demand Bramhoei Dam
' Uaderground
i Station Fem—

Reversible e S
pump-turbines
Generating mode -
during high
electricity demand

* |Ingula Pumped Storage — 1332MW

— Peaking Plant
— Cost R30billion (R22.5m/MW)
— Initial budget R8b

« LCOE - Intricate sum due to reverse pump consumption
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Solar Solution Types

Grid Tied Solution Grid Interactive Solution
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Case Study -
Grid Tied Solar System

Unlocking Grid Capacity

« Client could not expand
mall due to municipal
supply shortage

« Two aspects:
— Air Conditioning Load match
— Tropical Cooling Effect
« Result:
— Mall could add GLA
— >Rates & Taxes
— >Night-time consumption at
high TOU ftariff

 Phased approach




s
areff

A/
My
Sol

Mall Load Post Installation

)

7 000
6000
5000
4000
3000
2000
1000

VYA puodwag/Alddng

0e:e¢
00:€e
0e:¢e
00:¢e
0e:1¢
00:1¢
0¢:0¢
00:0¢
0g6l
00:61
0¢e:8l
00:81
0e:/1
00:£1
0e:91
00:91
0esl
00:G1
oeyl
0071
oe€l
0ol
oecl
00l
oc:Ll
0011
0¢:0l
00:0l1
0¢€:60
00:60
0€:80
00:80
0¢:£0
00:£0
0€:90
00:90
0€:50
00:50
0€:¥0
00:%0
0¢:€0
00:€0
0¢€:¢0
00:¢0
0¢:10
00:10
0€:00
00:00

m PV supply

mIncomer kVA

m Total load




3,467 Barrels

Oil saved

Reduced nuclear waste

552.35 Trees 638 77
saved Saving 2 867/ tons '
& Households
- Of Coal Energy needs for 4 people
DA% avoiding more than
5 021 tons of carbon
119.0 M mi. emissions per annum 28.1 M mi.
Trip with a Segway Trip with an electric car
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Aircon Effect
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Case Study -
Solar System with Storage

Unlocking Grid Capacity

« Grid capacity was very
imited

« Grid Interactive solution

« Without this PV solution,
there would have been
no fownship
establishment

o System Cost: ~R3.8m

 Development Cost:
~R300m
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Case Study
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Case Study
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Case Study
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Where We are Today -
South Africa

« Grid parity reached for grid tied solar systems 3 years ago

« Grid parity being reached at most locations for solar
systems with storage
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Potential of Solar PV

Area required for Solar PV to
generate the total electricity
needs for:

Yes we know there are a lot of roofs there!
Exactly our point...

%
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Y | //

Solareff ™ ...
| SAFMA 2018
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Storage Trends

World Electricity Demand How Cheap Can Lithium-lon Batteries Get?
$
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This is a future model of lithium-ion battery prices.
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BMWI3 consumption
= 12,9kWh/100km
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Solar carports means nNo
stfrain on national grid
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How Green is your EV?

It all depends on how you charge it!
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Carbon emissions Grid electricity (coal
(tons) over 10 years generated) = 7.75

Solar=0



Utility Scale Storage
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Curtailment Avoidance

Curtailed energy captured by storage provides flexibile management of oversupply and constrained grid system
capacity or avoids negative power prices. By avoiding curtailment, storage has a direct impact on the revenue
stream optimization from generated energy by increasing the load factor.

B Pvoutput [ ES Charge B ES Output

Service Class:

Energy
Value Type:
Revenue
$/MWh (Delta)
Periodicity:
Daily
Duration:

| Long
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Utility Scale Storage

Dispatchable

Dispatchable generators can be turned can adjust their power output at the request of power grid operators.
Non-dispatchable renewable sources, such as solar PV, cannot typically be controlled by operators. Combining
Solar with storage enables dispatch capabilities that can be used to serve peak demand periods and follow loads.
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Take Aways

« Storage Is much more than “baftteries”

* Mixture of fechnologies required

 Moving to a Decentralised System

* Choice of Tech — Cost / Resource driven

« Demand Response is also “storage”

e Fuelin your carisin “storage” — why not use if!

» “Disruption is defined by those that are slow
to change, other see it as opportunity”
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Thank you

info@solareff.co.za www.solareff.co.za




