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Thepower revolution

Ewen Cameron Watt
Editor-in-Chief, 1 -
London ’

Watch this podcast

ecameronwatt@act.is

Welcometo The Street View where
Actis pools knowledge andinvestment
perspectives drawnfromour global
network of colleagues, investee
companies and external experts.

Ourthemethistimeishowthe electricity
industry worldwide generates anddelivers
acleanerand more cost-efficient future.
Onthe surfacethisisamature and capital-
intensiveindustry. Yetunder the skin
thereisanindustrialrevolutionat work,
onewhere producers anddistributors

are harnessingnew technology and

work practices toboost supply, to ‘de-
carbonise' power ecosystems and allwhilst
inexorably reducing cost. And the pace of
changeisacceleratingevery year.

Students ofinnovation willrecognise

this pattern. Anyone visiting the Edison
MuseuminMenlo Park New Jersey will

be familiar with the story ofinnovation
movinginto applicationthrough constant
experimentationand costreductionled
byincreasingeconomies of scale. A similar
storyappliestothe Hewlett Packard
GarageinPalo Alto California. Andeven
furtherbackintimeavisittothe cradle
ofthefirstindustrialrevolution, the Iron
Bridge Gorgein Telford, UK fits the pattern.
Dovisitany one orallof these amazing
siteswhennormaltimesreturn.

Technology diffusion - therate at which
technologyisadopted - often derives
fromanincreasingreductioninthereal
costof supply. What was true for the
incandescentlightbulb, the phonograph,
the personalcomputer andevenwrought
iron, applies today to the power generation
anddistributionindustry.Inthe pages

that follow, our Energy Infrastructure

The Street View

Operationsteam—ledbyBarry Lynch
-explore howreductionsincostcan
influence reliability andimprove work
practices.

These solutionsarerarely easy to
implement. They require deep know-how.

| personally believe that the 20-year track
record of Actis suggests that the specialist
authors contributingto this publication
cancontinue todeliverthereturns
expectedby our clients. (This claimdoes
notapply toyoureditor!).

Amore socially distanced post COVID-19
world needs cleaner, more productive
power supply and efficient distribution
technologies more thanever. Thisrequires
new and efficient distribution networks,
enhanced storage capabilitiesand a
continuedfocus onacleaner energy mix.
The'justtransition'tonet zeroisalaudable
aim, but shouldbe one where older
industrialised nations do not disadvantage
newer economies throughimposition of
policieslargely suited to post-industrial
societies. Strikingabalanceis keytothe
'just’part ofany transitionfor developing
economies—one sizedoesnotfitalll

Happily, there are many examples in this
edition of new technology benefitting
developing economies;in many cases
these economies where we operate

are well suited to this technology
‘leapfrogging’. Rapid technology
adaptation canbe easier without
legacyinfrastructure. The stories of
wind and solarapplication, enhanced
storage solutions, ofinnovative and
cost-effective maintenance practices
and theimplementation of necessary
distribution systemimprovements
aboundinouractivities...andin this
edition. Thisindustrial revolution and
theassociatedinvestment opportunity
hasmuchenergyleftinit.
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Transformationin practice

Barry Lynch
PartnerandHead of
Operations,

Energy Infrastructure

Watch this podcast

Twentyyearsagolstarted myfirstjobas
amechanical engineeronapowerplant
construction project. We demolished
anold oil-fired power plantandreplaced
itwithamoderncombined cycle gas
turbine plant.Ispenttwoyearson

that construction sitereplacingold
technology with new, and this gave me
my firstinsightinto the ever-evolving
nature of ourindustry. To paraphrase
Heroclitus, “Theonly constantinthe
energyindustryis change”.

At Actis, weinvestin power generation
and high growth electricity distribution
businessesacrossLatin America,
Africaand Asia.In 2020, we controlled
13 businesses with over 60 projects
totalling 12,000MW in construction
oroperation. This gives usaunique
insightinto thetechnologies, asset
performance and the challenges of
managing theintegration of energy
projectsintoelectricity grids.

| spenttwo years on
that construction
site replacingold
technology with
new

What's in this edition?

Inthis edition of The Street View, our
Energy Infrastructure Operations
Teamwillshowcase how we are using
technology toimprove our assets, where
we believe theindustryis headed and what
technologies willtake us there.

The Street View

Whatisapparentisthatno one technology
isthe total solutioninthe powerindustry.
Solar PV willaccount for 30% of global
generationby 2050, hydrogenwill play a
significant role and our electricity grids will
increase network coverage by afactor of
2.5tocopewiththischange. Theindustry
alsohastoadapttoaworldwhere - by
2030 - two thirds of the world's population
willlivein cities and there willbe a 10—fold
increase inthe deployment ofrenewables.

Nno one
technology

is the total
solutioninthe
power industry

Alsointhis edition, Liam Smithand
Preyavart Gadhaviexplainhowvolume
growth hasledtohuge technological
advancesinthe Solar PVindustry.

Today's panelmanufacturing efficiencies,
generation efficiencies and solar panel
prices could never have been predicted
tenyearsago.lrecallinthefirstround
ofthe South Africanrenewable energy
procurement program tenyearsagowhen
Actis, inits secondenergy fund,invested
intwo 50MW solar PV projectsin De Aar
andDroogfontein. Atthe time, a 230-watt
solar panelcost $230. The same size PV
paneltoday cangenerate 450 wattsand
costs $90. As with many industries pricing
drives technology adoption.

Intheirarticle, Ralf Nowack and Hernan
Arrigone explain how Actis uses drone
technology to monitor our solar assets
andhow we use Artificial Intelligence to
improve asset performance.

Liam Smith's article delvesinto

howthe windindustry has evolved
fromaniche technology toafully
industrialised renewables value chain,
includinga consolidated group of
globalmanufacturers. Theinvestment

in offshore wind technology has also
benefitted the onshore businessaswe see
ever-increasing turbine scale.

In2002, as Actis was being formed, wind
turbine units beinginstalled were 8 50kW
Vestasunitswitha 52mrotor diameter.
TodayinBrazil, weareinstalling Vestas
4.2MW turbineswitha 150mrotor
diameter. Thatequatestoa5-foldlarger
generator size andan 8—foldincreasein
the sweptarea of the turbine rotor.

Many thoughtthatwind turbines

would ultimately be limited by material
mechanics andthelogistics of
transportingcomponents. Theindustry
has once again broken down these barriers
and shows no signs of stopping anytime
soon. At Actis, we do not simplyrely on
the turbine manufacturersto deliver best
practice. We have developed our own Al
toolsto predict gearbox failureandare
usingrobots and drones toidentify blade
qualityissues. Thisuse of technology not
onlyimproves downtimebut alsoleads
toamuch saferworkingenvironment.
Previously technicians would abseildown
ablade checkingforissuesandnow

the technicianis safely onthe ground
controllingadrone which has a high
definition camera.

We alsoinvestin efficient gas-fired power
generation. We believeinthe value this
brings particularly where an emerging
economy hasindigenous gas, usinggas as
atransitionfueltoacleanerfuture. Even
ingas-firedplants, we are looking for ways
toimprove performance and we detail
howwe implementupgradestoourgas
turbines, allowing us to generate more
MWs from existing power plants.
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Hydrogenisthe
simplestand
mostcommon
elementinthe
universe, so the
possibilities are not
limited by supply of
hydrogen. Rather
itis the technical
constraints that
present challenges.
Therole ofthe
energyindustry’s
engineers and
scientistsis tofind
away pastthese
constraints.

Philippe Wind and Preyavart Gadhavi
examine the changing nature of electricity
grids. The potentialwe have torethink how
we transmit, store and trade electricity

is probably the most difficult aspect

of predictingthe future of electricity
networks. The centralised generation
modelwithahub and spoke system
isbeingredrawn; inmany developing
markets, itis beingdrawnforthe first time
without the constraints of any existing
model. However, the changing nature of
ourrelationship with electricityisahuge
factorinthis. The vehicles that we will

The Street View

drive, the green energy we desire and the
reliability of supply that we simply demand
areallinflux. Consumers expectthat
electricity grids willbe there to answer all
these questions—andweintendtoplaya
partinthis.

Inourview, the greenestenergy ofallis
that whichwe donotneedtoproducein
thefirst place. Whenwe think of electricity
transmissionanddistribution grids, we
wantto see howwe can make themmore
efficientandreducelosses. Every extra
kilowattinlossreductionmeans oneless
kilowatthastobe generated andthis
issomething thatis often overlooked.
AtActis, weinvestinboth generation
andhigh growth electricity distribution
companies sowe are wellpositioned to
understand anddeliverinthis area.

Hernan Arrigone's article examines the
potentialfor hydrogento play anincreasing
roleinthe energy mix. Hydrogenis the
simplestand most common elementin
the universe, sothe possibilitiesare not
limited by supply of hydrogen. Ratherit
isthetechnicalconstraints that present
challenges. Therole of the energy
industry'sengineersandscientistsis to
find away past these constraints. Our
industryhas doneitbefore withevery
technological challenge that we have
faced, andwe believe that hydrogenwillbe
no different.

There are some today who willclaim that
the economic cost of utilisinghydrogen
is simply too high. We have heard this
argumentbeforeinrelation towind
powered generationandthenwith solar
PV.Ourindustry has demonstrated
repeatedly that we can overcome
technology barriers to deliver the lowest
cost power. If we cannot deliver low cost
powerthenweasanindustry cannot
survive.

ThomasEdisonsaiditbest when

he stated, “We willmake electricity

so cheap that only therichwillburn
candles”.We toowant toensurethat
electricityisaccessibleto everyonein
aclean, reliable and cost effective way.
The candles should be used forambience
only.

[thasbeenone

since Albert Einstein was awarded the
NobelPrizein Physics for his discovery
of the photoelectric effect—whichledto
theinvention of solar panels

yearsagoa230-wattsolar
panelcost 230

The same size PV panel
today cangenerate

450wattsandcosts sgo

2002

wind turbine units were 850k
witha 52m rotor diameter.

Today
weareinstaling /i NIYN

turbineswitha

150“‘ rotor diameter. A 5-fold

larger generator size and an 8—fold
increaseinthe sweptareaoftheturbine
rotor.

Solar PV penetration will
accountforsnﬂ/

of global 0
generation by 2050

By 2030 two thirds of the

world's populationwilllive in cities and

therewillbea 10 'nld

increase
inthe deployment ofrenewables.
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Thenew generation
Moving with the wind

Liam Smith

EnergyInfrastructure, &

London
»

Watch this podcast

liamsmith@act.is

Overrecentyears thewindindustry
has seen continual stable declinesin
the Levelised Cost ofEnergy (LCOE),
enablingittoleadthewayinterms of
renewable energy growth by 2020,
with over 700GWs installed worldwide.
While wind seeded the ‘top’ renewable
spottosolarPVin2020,itremainsakey
component of therenewables growth
storybothnowandin the future.

Wind growth to date has beendriven
mainly by increasing turbine sizes
andimprovementsinthe overall
manufacturing efficiency, both enabled

by economies of scale andincremental
designimprovements. With positive
growth forecast continuing (60GW/yr to
2025), the overarching question forthe
industry aswe look forwardis, canthis
trend continue or could gains be undone
by commmodity price increases and supply /
demandimbalances due toaconsolidated
suppliermarket. The question alsoarises
astowhetherwindenergy can'keep up’
with solar power (which currently forecasts
annualinstallations of 130GW—140GW)
andwhetherthere are any technological
leaps ahead which could drive a further
stimulus to cost reductions and/or growth.

Bigisbetter

Theenergygeneratedbyaturbineis
afunction ofboththe velocity of the

wind (cubed) and the sweptarea of the
blades.Rememberingthatareaisir?,
blade length provides an exponentially
higherincrementinenergy generation.
Todate, costshave tendedtoincrease
inmore of alinear fashion with regards
toscaleincrease, alsobenefitting from
costsavings associated with foundations
andcables. The growing spread between
increasingyieldandcosthasledtoa
continuous reductioninthe LCOE of wind.
Thishasyielded onshore turbines with 4—
6MW generators andblades of 70m+and
offshore turbines with 10MW generators
and 100m+ blades.

Butcanthistrendcontinue? Since the
turnofthe centuryandtheintroduction
ofthe 2MW turbine platforms, predictions
ofacostreduction plateauhave
proliferated. Limitations of road and

The Street View

Exhibit 1: Global LCOE benchmarks—PV, windandbatteries
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Note: The global benchmarkis a country weighted-average using the latest annual capacity
additions. The storage LCOE is reflective of utility-scale projects with four-hour duration, it

includes charging costs.

craneinfrastructure andthe start of
exponential costincreases have started
to bite (asturbines gettallerandblades
longer thusincreasing theamounts

of steeland fibreglassrequiredtohold
upthestructure). Despite credible
arguments behind these limitations
kickingin,improvementsinlogistics
supportincluding specialist trailers, blade
liftingtransport systems andincreasing
cranesizes, have been achieved.
Improvementsinmaterial science have
delivered continued growth of blade size
atlimited cost due to economies of scale,
underwritten by continued strong growth
ofthesector.

We see further material potential for
costreductionwhichinturnsupports
installation growth. Theinvestmentthat
the suppliers have madein manufacturing
facilities andlimitations on some of

the manufacturing processesrequired
mean theimmediate future focus turns
to consolidatingandimprovingonshore
platforms. Increased modularity andthe
introduction of "splitblades" could lead
toanotherroundof growth foronshore
withinthis decade. Inthe offshore market,
thelack of limitations aroundroads and
transportwilllikely mean a continued
march towards 20MW+ turbines. These all
pointtomore power at stilllower cost.

Offshore wind

In 2019, the offshore market crosseda
criticalthreshold with the UK awarding
6GW of effectively subsidy free offshore
wind PPAs. Forboth solarand onshore
wind, the crossing of the unsubsidised
threshold markedthe beginning of
exponential growth. Considering the
growingneed for green, diverse energy
supplies, the same canbe expected for
the offshore market. Offshore wind will
likely also benefitfromeverincreasing
projectscalesandaneedtohaveamore
diverse and predictable generation profile
to supporttheincreasing penetration of
onshore wind and solar, which willincrease
the ancillary costs of operating the grid.

Floating offshore wind

In 2020, offshore wind also saw
constructionstartontheworld'slargest
floating off-shore projectin Norway
(88MW Hywind Tampen project). As the
most optimal offshore site locations are
taken, especiallyin shallow waters, project
locations andthus the LCOE associated
with projects willworsen. Floating offshore
presentsanopportunity for continued
scalealong-sideimprovingwindregimes
seenindeeperwaters. Assuch, this marks
aconsiderable milestone, which combined
with the overallimprovementsin offshore
projecteconomicsare expectedto create
anenvironment forincreasing growth.



Exhibit 2: Wind turbine product history
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Modularity/ site specific WTGs

Wind projects have traditionally suffered
from sub optimal turbine designs for
project specificinstallations. Turbine
designand manufacturing costs as well

as product development timelines need
toservice amultitude of project sites
across differingmarkets. We think thisis
changing. As turbines and economies of
scalebecomelarger, and supply chains
more developed, specialised key variables
suchasheight, blades andelectronics
becomeinterchangeable. This delivers
bespoke turbinesbetter suitedtoa
specific site, inturnimproving economics.
[tisexpectedthatthiswillbe atrendthatis
initiatedinthe nextfewyears.

Splitblades

Tomitigate thelogisticsissues caused

by suchlarge blades,anumber of players
haveinvestigated splitdesigns with

onsite assembly. Thisisno easy task

with fibreglass construction of rotating
equipmentandadesignlife of 25 years.
However, with advancing materials
science, deeperanalytics and experience
incomposite constructionseveral
suppliersnow see apathtonearterm
release of aproduct, which could spark the
next generation ofincreased sizing foron-
shore products.

The Street View

Smartblades

Turbine efficiencyis invariably linked

tothe efficiency of the turbine bladein
convertingthe windskinetic energy into lift
(and subsequently electrical energy). The
optimalaerofoil shape however changes
indifferingwind speeds andturbulence,
nottomentionthe needtosurvivein
variable extreme environments. Materials,
science and advance control systems may
unlock the ability for blades to provide a
limited quantum of adaptability to the wind
environment that would ultimately lead to
improved performance and flexibility.

Hydrogen

Offshorewind canalsogenerate electricity
thatcanbe convertedto hydrogenvia
electrolysis of seawater. Hydrogenhas
the advantage of beingmore easily
transported and canbe carried via existing
gaspipelinesratherthanhavingtolay
electrical cables. By converting electricity
tohydrogenwhichis capable of being
stored,italsoaddresses some of the
issues ofintermittency created by the fact
that offshore windis weather-dependent.

Al/smartcontrols
Aconsiderableamount oflossis currently
incurred due to wake effectsand power
curveinefficiencies. Smart systems

Offshore

Onshore

offeran exciting opportunity to minimise
suchlossesthroughaholistic, adaptive
approachtoawindfarms'control systems.
This mayaccountforsuchlossesandact
tomaximise generation of thewindfarmas
awholeratherthanthe specificturbine.

Summary

Foramature technology thatalready
representsaleaderinthe energy space
interms of cost, growth, and climate
credentials, the scope of furtheradvances
lookstoogoodtobetrue. Challenges
around competitiveness against solar
(which offers an evenlower cost pointin
many cases), increasing costs associated
with addressing grid stability, a commodity
price super cycle and decreasing viabilities
oftheincremental sitesrepresentbarriers
which could mitigate explosive growth.
Wethinktheseare all solvable and only
represent minor limitingfactors with the
projected 60GW/yr growth projectionto
also coincide with continuing dropsin cost.
This positive technologicalenvironment
incombination with theinfinitely scalable
solutionrepresented by off-shore wind
drivesapositive growth story forthe
foreseeable futureinwind. We also think,
resource diversification means wind
maintains animportantroleinthe energy
mixmoving forward, no matter the price
pointsachievedby solar.



WindEnergy Yield Risk:
Liam Smithin conversation with
Stefanie Bourne

Stefanie Bourne, M.Sc: Business
Director, Renewable Energy
Project Development

Liam Smith, Energy
Infrastructure,
Actis, London

ot

Acore assumption toany windinvestment
is ultimately, how muchyield willbe
generatedoverthelife of the asset. To
predictthis, sophisticated measurement
andmodellingare usedto establishalong-
termyield estimate. Whileimpressive,
there hasbeenroom forbothhuman
errorandanover reliance onassumptions
informed by historical values which
arenolongervalidinanever changing
technological environment, leadingto
materialunderperformance of some
assets.

Energy Yield Assessments (EYAs)

Anenergyyieldassessmentattemptsto
assess the future performance ofaplant
andassigns a probability againstachieving
differing generation levels over differing
periods. Thisistypically presentedas the
oneyearandthetenyearP50andP90i.e.
50thand 90th percentile of performance
overameasurement period.

AllEYAs use measurements derived by
meteorologicalmasts (‘(met masts'), that
gatherdataforaperiodofatleast 12
months, but typically around three years.
The site specificwind datais adjusted

up ordownbasedon correlationtolong
termmeteorological datasets to provide
confidence thatthe measured wind period
isrepresentative oflongertermnorms.

Thisdataisthenusedto predictthewind
speeds associated with the specificwind
farmdesign. Once the wind speeds have
beenestablished, the turbine power curve
andlosses (availability, electrical losses,
turbine under-performance etc.) are
usedtoestablishhowmuch energy willbe
generatedonalong-termbasis.
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Exhibit 3: Distribution of windand PV generation as a share of forecasted P50 production
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Historical production of 58 wind and PV projects since 2010and 2011 respectively

Exhibit 4: AWS Truepower back-cast results 2018: Frequency distributionratios
(operating EYA/EYA (<100% =Over-Optimistic))
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Thetrackrecord

In 2020, BloombergNEF published
apaperon Project Bonds for PVand
Wind. FitchRatings agencyis quoted as
notingthat "a decade of analysis shows
that solarresources are consistently

more stable and predictable than wind,
resultinginless volatile revenues and
generally higherratings”. According to this
research 89% of rated wind projects were
performingbelow their predicted P50
generationlevels.

Theleading EYA consultants periodically
publishvalidation studies or "back-

casts"wheretheyreviewactuals against
predictions. The pictureis not favourable

forthe P50 (i.e. equity) results, with DNV
GL publishinga 2019 study showingan
average over estimation of 3.1%, with
other such studies showing similar results:
AWS Truepower 1.7% (2018 study),

Natural Power0.9% (2015 study) and

K2 Management 2.8% (2015). The
consultantsbehindthese studies are often
pointedto by developers asbeing ‘overly
conservative'.

While c.2 - 3% error may not sound
significant, one needs to consider that
thiswilldisproportionatelyimpactthe
equityinvestor. Mostwind farmsare
underwrittenwith c.70% leverage,i.e.a 3%
overestimatewillresultinac.10%hitto the
cashflowto equity.



Roomforimprovement

While the current methodologiesare
impressive and significantlyimproved
fromtheirhistoric peers, thetrackrecord
atteststothefactthattheyarefarfrom
infallible. Sowhere do they falldown?

Firstly, thistype of analysisis complex.
Therearecommonerrorsthattendto
arise:

—  Complexwindregimes (i.e. with
variable terrainorthe presence of
broader thermal/ geographic effects)

— Poorwind monitoringcampaigns

— Inappropriate accountingfor Power
Curve performance extrapolation; and

— Inappropriate modellingand
assumptions concerningwake effects
(i.e.the slowdowninwind speeds
causedby theinteraction between
windturbines).

While these errors should follow anormal
distribution with symmetric up and down
side, the pressure fromdevelopersto
recoup costsandrealise development
gains hasresultedinbias within the market.

We canseethatenergyyieldshave been
over optimisticonaverage. Ifthe above
common errors were controlled, energy
yields would quickly fallinto two broad
spectrums. The first with a material risk
ofunderperformance (see the "bump"”
attheunder-performingendofthe
spectrumwithinthe AWS Truepower
datain Exhibit 4), and the other group that
wouldbe expectedtofollowanormal
distribution.

The secondfactoratplay hereisthat

the methods themselvesrely onback
looking corrections.i.e.modelsare
continually adaptedtoaccount forthe
introduction of new project characteristics
andtechnologieswhichrenders some
previously valid modelling simplifications,
invalid.

By reviewing the methodology
adjustmentstolossesalone, onecansee
thatbetween 2008 andtoday, DNV GL,
widelyrecognised as one of theworld's
leadingtechnicalauthoritiesinwind power,
hasintroduced updates whichwould see
anidenticalassethave a P50 estimate
today whichis 4.2% lower thanitwould
have beenusingthe 2008 methodology.

11 The Street View

Climate change

Climate changeisaleadingissuefacingthe
EYAswhichrely onhistoric, not predictive
longtermenergyinputs. Theincrease
inglobaltemperatures and changing
climate patternsare expectedtoalter wind
patterns (noting that windis ultimately
thermally driven). Changingthermal
distributions willdrive higher windinsome
areasandlowerinothers. While climate
models are currently not sophisticated
enoughtoallow forgranular, projectlevel
adjustmentstowind, risk factorscanbe
identified and considered. Where the
predictedregional climate patternsare not
detrimentaltothe assetsin question, the
risk canbe consideredacceptable.

Looking forward

Forasophisticatedinvestor, itis possible
toaccuratelyassessanassets' generation
profile, more so, onaportfolio basis.
Throughacombination of bias elimination,
diversificationandscale, yield risk canbe
managedtoalevelcommensurate with
thereturn profile of renewables.

Thekeyistounderstand what the
EYAmethodologiesfailtoaccurately
represent: risk. Anartificially constructed
probability curve of generation outcomes
isnotthe sameasrisk. The constructed
probability curves which have been
developedhave beenbasedoncomputer
models and manual adjustments which
inturn have beenbased onabacklooking
view. The matching of risk against the
proposed projects,isafundamental step
toaccurately modellingtherisk / reward
of aproject. Suchadjustments needto
accountforthese modellingissues plus
take aforwardlookintothe evolving
technology.

m  Unfortunately, at present, there
is insufficient dataandtoo many
variables to support hard andfast
risk algorithms to define arequired
increaseinreturnfromincreased
risk. Caution therefore needs to
betakenandalarge P50/P90
spreadshouldbe usedas astrong
indication that either more work is
neededto reduce the modelling
risktoanacceptablelevelor
conversely the requiredproject
returnneeds to beincreased.

The Actis approach

Unfortunately, at present thereisno
“silver bullet” approach to addressing
risk-return. However, by diligently
addressingthe key areas of uncertainty
and by appropriately pricing the risk,
Actis has tackled many of theseissues.
Ourapproachis delivered through an
embedded operations team which
cantranslate the technicalriskinto
commercial outcomes. The operations
teamisalsoable toleverage the
experience of 6GW of trackrecordinthe
delivery of wind assets;

— Thebestdomain specialist (i.e.
region, wind regime, source
information etc.)is utilised to derive
the energyyieldassessments

— Assessmentsarealigned with our
needs (ratherthan standardised
theoretical orlenderbased
approaches which may under value
therisktothe equityinvestorin
preference to applying consistent
"offthe shelf" methodologies)

— Challenge the assumptions and
approach of advisors to provide an
effective second opinion.

— Re-frametheanalysistoenable
scientifically basedinvestment
decisions to be taken

— Understandandoutline theimplicit
risks associated with the analysis and
explicitly communicate themto the
dealteam.
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SolarPVisthefastest growing
renewable energy technologyandis
expectedto grow thirty-fold by 2050,
frombeingjust 2.4% of power
generationin 2019, to supplyingalmost
one third of global electricity by 2050".
Theadvance of solar PV technology,
resulting from cell efficiency, and
ultimately the lowering cost of energy,
has consistently exceeded expectation.
Thisimpressive evolutionhas been
drivenby a90%r reductionin price over
thelastdecade.

Lower costshave beentheresult of:

— Increasing efficiencies across the
value chaindriven by competitionand
economies of scale, combined with;

— Thecontinualimprovement ofthe
conversion efficiency of silicon based
PV solar panels enabled by a multitude
ofincremental steps available to the
industry

Value chain efficiencies

During 2019, anunexpected demand drop
in China (whichtypically accounts for 40—
50% of globaldemand), resultedinan over-
supplied marketandas such, considerable
stressacrossthe whole PV market supply
chain. Thisresultedinasignificant price
drop, to belowwhat was thought of as
at-costpricingatthe time. Thisbroke
sticky pricingpointsandspurred the
supply chaininto furious competition,
rapidly eliminating excessive margins
andimprovingefficiencies. These value
chain efficiencies continuedin 2020 even
underthe COVID-19impact, andwere
successfully adopted by Chinese suppliers
asthesolar PV productionresumedin

Q2 2020, withthe Solar PV marketagain
witnessing some ofitslowestever cost
points. Although demand slowdown during
the early COVID-19 period did contribute

Exhibit 1: Installed cost of single axis tracking solar PV ($/Wp)
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Source: BloombergNEF's Q4 2020 Global PV market outlook (November 2020)

toapricereduction, 'stock-clearance'was
clearlynotthe onlyfactoratplay. The value
chain efficiencies are now wellembedded.

Despite supply /demandlargely
rebalancingasattime of writing, these
efficiencyimprovementshave been
maintained and margins have not
recoveredtotheirpreviouslevels. As
most of the constituent componentsare
highly mature technologies (commodity
productionincludingsilicon, glass,
aluminiumandsilver)itis considered
unlikely thatany step changesin pricing
or production efficiencies willmaterially
move the overall cost of productionand
thereis potentially more downside on
pricing than upside as the world possibly
entersanother commodity super cycle.
This pattern of lower costs and prices with
demand growthmakingup for margin
squeeze willbe familiar to technology
investors everywhere.

Conversion efficiency of photovoltaic
(PV)cells

Therealstorybehind PV costsis

the unrelentingmarch ofincreasing
conversion efficiencies of crystalline
siliconbased PV panels (i.e. theamount
of solar radiation energy hitting the solar
panelthatis convertedinto electrical
energy). Economists describe this as
heuristic pricing-or more simply more
bang forthe buck. Overthelastfiveyears,
crystalline silicon PV cells haveimproved
their efficiency from 15%to 20%?.

1 DNVGL, Energy Transition Outlook 2020 (DNV estimate)

2 CleanEnergy Review - https://www.cleanenergyreviews.info/blog/most-efficient-solar-panels
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While there are amultitude of
technologicaliterations, ithasbeenthe
advancesinpolyand mono silicon PV
panels which have driven the technology
improvementand price declines leading
torapid growthindeployment of solar
PV.R&D, commercialisation, followed by
productionlineretooling, has delivered
aclassicroadmap of technology take up.
While the multitude of technology paths
areimpossible to predict, the trendis
clearandunlike the broader supply chain,
the potential for costreductionremains
exponential over the next five totenyears.

Areview fromthe major suppliers'
technologyroadmaps (see Exhibit 2)
clearly reveals both the trajectorybut
alsothe scale of anticipated efficiency
improvementwhichisinturnlikely tolead
tofurthercostreductionsinwhatisalready
the lowest cost of energy availableinmost
of ourmarkets.

Stepchanges

The breadth oftechnologicalchange
to-date and possibilities moving forward
are endlessand outside the scope of this
article. Toavoid swamping the reader with
endless technicaljargon, we have focused
onmeaningfultrendsasitrelatesto
investment, however there are some step
changesintechnology whichfacilitate
continual growth. Todate thishasbeen
seen (Jargonwarningalert!), with the move
from Poly-siliconto mono-silicon, the
adoption of Passivate Emitterand Rear



Cell(PERC),and morerecently the move
tobi-facility. These wereimportant steps
whichenablednotonlylarger stepsin
efficiency by also subsequentincremental
improvements. The question arises as
towhether such stepsremainandthe
answerisanoverarchingyes!Reviewing,
what many of the leadingmanufacturers
aredoinginterms oftheirre-toolingisa
strongindicator of where we are heading
andtheindicators are positive with
material steps likely. Some such options
like heterojunction silicon, TOP-Conand
N-type cells offer an exciting opportunity
toabroadfuture of subsequent efficiency
gainsbutalsoimprovementstorelated
factors (thermalrelatedlosses, broader
spectrumresponse etc.) whichwouldbe
more suitable for the climate conditions of
many developing markets. Overall, silicon
cellefficiencyis expectedtoincrease from
16-20%toc.25-30% by 2030 across the
industry?®.

Thinfilm

First Solar, the onlyreal credible alternative
tothe cheap Chinasilicon PV, has failed to
keep up withthe march of PV andthelarge
costs of re-tooling their existing factories
limittheir ability to expand. However, thin
film solar panels willcontinue to occupy a
niche where thereis adistinct competitive
advantagearising from otherinherent
benefits such as temperature coefficient
andspectralresponse.

Developing technologies suchas
perovskite solar cellshave already
demonstrated efficiencies above 24%in
labs, whichis higherthan that of cadmium
telluride (CdTe) and copperindium
gallium selenide (CIGS) thinfilms®. Hence,
perovskites with steadyimprovements

in stability couldbringa step changein
the solar PV cost trajectory, however this
remainsuncertain.

Larger panels, trackersandinverters

It's notjustthe efficiency of solar PV cells
thatalso offersroom forimprovement
andlowering cost of energy. System
improvements are also beingrealised
through smallbutappreciable
optimisations. Panel suppliers are now

3 DNVGL, Solar PV Powering through to 2030
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Exhibit 2: Efficiencyimprovement technology roadmap
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Exhibit 3: Forecast silicone PV technologies market share
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realisingthatthe overallcost of energyis
what sells notjust $/Watt. This hasresulted
inincreasing panel sizes, optimising
celllayout andimproving mountingand
cable connections, ultimately translating
todeclining system pricing. Improved
tracking systems, inverters with better
analytics, andincreasinglife spansare also
contributingtolower energy costs despite
diminishing returns expected from future
costdeclines.

Floating solar

Oneofthekeycomponentstothe Solar
success storyhas beenscalability. Floating
solar offersanother avenue to scalability
throughversatility. Itis however unlikely
torepresentastepchangeinvolume
asultimately solarbecomesastory of
"every penny counts.” Floating solar does
however demonstrate the versatility
andflexibility of solar PV, atechnology
unlikely to see any constraints with future
land availability while also potentially
complementing existinginfrastructure
(floating PV on hydro dam. Rooftop
solaretc.).



Summary

SolarPVisexpectedto continuetohave
acostof productionlogarithmic learning
curve ofintherange of 15-20% moving
forward,and asaresult continue togaina
larger share in the overall electricity mix.
Solar PV capacity additions will roughly
equalthose of allother power-station

typescombinedby 2050. i

Driven by technological a&vance,s, solar
PV cell efficiency will play akey role.
Tandem photovoltaicsaretargeted ©
asanopportunitytopushmodule
efficiency quickly towards30% which
wouldenhance energyyieldandreduce -
system cost (mounting, trackersetc.).
Perovskite tandems havealready
demonstrated a conversion efficiency
0f29%* and could enable upgrading
the efficiency of existingand future ¥
silicon technologies (heterojunction =~
silicon, TOP-Conand N-type cells) and .
leverage the existinginfrastructureand
supply chain of the crystallinesiliconPV
industry. T Y '
4 Physics World - https'://physigsworld.
com/a/tandem-solar-cells-break-new-
record/ e
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Thenew generation
Hydrogen delivering sustainable energy

Hernan Arrigone

Energy Infrastructure,
London

hernanarrigone@act.is
Watch this podcast

Firstly, why hydrogen?

Society hasrealised thataddressing
climate change mustbea priority.
Rapid decarbonisationandafull-scale
transitiontoalow-carbonfutureare
essential to haltthe currentdirection
oftravel. Asaresult, many countries,
including China, South Korea, Chile,
andthe UKhave committedtonet-zero
targets by 2040-2060.

Most of these net-zero plans have energy
generationfromrenewable power asthe
key driver of decarbonisation. Renewables
arelow-cost, mature technologies with
almostnoemissions. Yet, forsome
sectorsthisisnotenough. Forexample,
transportand power generation need
fossilfuelsto provide flexibility and allow
deeperrenewable penetration. Industries
including steel,cement, and paper
manufacturingneedgasasasource of
highheat. Chemical processes, suchas
ammoniaand methanol productionuse
naturalgas as their mainraw material.
Inmost of these cases, electrificationis
impossible oruneconomic. Theseare the
sectorsknown as Hard-to-Abate.

Hydrogen offers

a solutionforthe
decarbonisation
of "hard-to-abate-
sectors”

Hydrogen offers a solutionfor the
decarbonisation of these sectorsasan
alternative to fossilfuels. Examples of
hydrogen's potentialinclude:

— Itcouldbecomethefuel of seasonal
power generationandlong-haul
trucking, where batteries may not
serve welldue to capacity and cost
constraints;

—  Syntheticfuelsderived fromhydrogen
could power aviation and shipping
vessels;
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Exhibit 1: Forecast globalrange of Levelised cost of hydrogen production from large

projects
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Source: Adapted from BloombergNEF —Hydrogen Economy Outlook —March 30, 2020

— Bothheavyindustries anddistrict
heating could take advantage
of hydrogen's high combustion
temperature; and

— Chemicalmanufacturingand steal
production could utilise hydrogen's
reactivity toreplace naturalgasintheir
processes.

Hydrogen also offersimportant benefits.
Firstly,itcanbe producedusingrenewable
powerandemitsno CO2whenburnt. It
could provide energy security to countries
that currently rely onforeignoilandboost
localeconomies by creating high-skilled
jobsinsectorsthatwillbe criticalto the
future economy.Inshort, hydrogen could
looklike the panaceathat willsolve allthe
world's energy problems.

Unfortunately, hydrogen shows a similarly
impressive list of disadvantages. Firstly,
itisinessence anenergy carrierrather
thanasource, meaningitneedstobe
derived fromwater or hydrogen carriers
like natural gas, through energy intensive
processes. These processes, despite
beingabletousecleanenergylike solaror
wind, are expensive. For thisreason, when
comparingthe cost of hydrogentothat
of fossilfuels, hydrogenis currently ata
disadvantage, as fossil fuels demand little
tonoenergyduring theirextraction.

Hydrogenisalsohardtoliquefy and
transportlongdistances. Massive energy
losses fromtheliquefaction process
make most of its applications unviable.
Hydrogen's smallmolecular size and
highreactivity canalso causeissuesinits

transportationinfrastructure, as hydrogen
candiffuseinto materials'molecular
structures - forexampleintoironor steel -
causingthem toweakenandfail.

Anunderstanding of hydrogen's
advantages and disadvantages helps

us exploreimportant considerations
aroundits potentialuse. Whilst hydrogen'’s
disadvantages can make the forecast
ofan extensive hydrogeneconomy
challenging, its advantages could motivate
governments andinstitutions to explore
anddevelop solutions, evenifthese
currently seemremote.

Hydrogen production

Whendiscussinghydrogen, we needto
distinguish between four main colours
astheseinformus of theirassociated
production methods:

—  "Grey"or"Brown"hydrogenis
produced using natural gas or coal
respectively;

— "Blue"hydrogenis producedby
cleaning grey or brown hydrogenusing
carbon captureandstorage ("CCS");
and

— "Green"hydrogenisgenerated by
electrolysingwaterusingrenewable
electricity.

To produce grey and brown hydrogen,
fossilfuels are broken down through
thermochemicalreactionstogenerate
syngas, whichisamixture of CO, CO2,
steam, andhydrogen. This gasisthen
processed, recovering the hydrogen, but
leaving behind a considerable amount



Exhibit 2:Natural gas blending example
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of greenhouse gases. As areference,
currently, more than 99% ofthe world's
hydrogenis grey or brown.

Inplants with CCS capabilities, the process
outputis further cleanedto avoid most
oftherelease of CO2, producingblue
hydrogen. Severalreports showblue
hydrogenasastepping stone formass
production, eventhough CCShashada
troubledhistory sofar. CCSprojectshave
faced permittingandfinancingdelays of up
toseveralyearsinsomeinstances. Delays
and massive cost overruns have inmany
casesresultedininvestorsabandoning
projects.

Hydrogenand oxygen are the
only products of electrolysing
water and the process leaves
no other contaminants. If

we were only considering

the environmentalimpact,
green hydrogenwould be the
obvious solution.

Incontrasttothe previous three, green
hydrogenproduction does notgenerate
CO2.Hydrogenand oxygenare the only
products of electrolysingwaterandthe
processleavesno other contaminants.
Ifwe were only consideringthe
environmentalimpact, green hydrogen
would be the obvious solution. Considering
most country's low emissiontargets and
the challenges seeninthe past with CCS,
we expectgovernmentstorelyongreen
hydrogenas their production method of
choiceinthe future.

The cost of green hydrogen

The production cost of green hydrogen
dependsontwo factors:the cost of
renewable powerandthe cost of the
electrolysis equipment. Currently, green
hydrogenrangesfromUS$2.50to US$4.50
perkg-orUS$18.60to US$33.48/MMBTU
(Exhibit 1) depending onthe technology
andlocation of the plant. Withthese
prices, itis clearthatgreenhydrogen
cannot currently compete againstalmost
any fossilfuelalternative (Henry Hub Gas
atUS$3/MMBTU orliquefiednatural gas
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("LNG") at US$6/MMBTU). This mimics
the costdisadvantage of solarand wind
production 15-20yearsago.

Luckily, most studies agree that the cost
ofrenewable power and electrolysis
equipment should decrease at significant
ratesinthe future. BloombergNEF
estimatesthatlearning curves for
electrolysingequipmentwill be close to
those of renewable power generation
—withlearningrates between 13% and
18%. Evidence also shows that the cost
ofrenewable electricity should continue
tofall, with large parts of the world
expectedto produce solar orwind power
atUS$20/MWh by 2050if not sooner.
Underthis scenario, green hydrogencan
achieve pricesaslowas US$1.00 perkg,
orUS$7.44/MMBTU. At this costandifthe
infrastructureisinplace, hydrogen could
replace naturalgasinasignificantpart of
the value chainby 2030.

the cost of
renewable power
and electrolysis
equipment should
decrease at
significantratesin
the future...green
hydrogen could
achieve prices as
lowas US$1.00 per

kg

Unfortunately costalone does notcapture
thewhole story. Two otheraspects
influence the hydrogenindustry's future.
Firstly,enoughinfrastructure mustbein
place forhydrogentoscale up. Secondly,
evenatUS$1.00 perkg, government
supportisessential for hydrogento
compete against cheap fossil fuels. Both
aspectswillbe coveredinthe following
sections.

Infrastructure

Clearly cheap andreliable ways to connect
producers andusersare needed for
hydrogento grow. Formediumandshort
distances, giventhathydrogen flows
through pipesalmostthreetimes faster
than natural gas, pipelines are a cost-
effective solution.

Incontrast, forlongdistances, itis
necessarytoliquefythe gastomoveitat
scale. Freightersandtruckers canachieve
thisinone of twoways. They caneither
chillittoverylowtemperatures (only 20
degrees Cabove absolute zero) orturn
itintoaliquid organic carrier (ammonia,
toluene, ormethanolforexample).Inboth
cases, lossesinthe order of 25%to 30%,
make these options unviable for most
applications. Hydrogenwillbe, inmost
cases, too expensive totransportover
longdistances. Asaresult, for the next
decadeswe expecttoseelarge-scale hubs
inplaces where productionand demand
coexist.

Similarly, given theintrinsic variability of
renewable energy, havingenough storage
capacity alongthe supply chainwillbe
essentialtoaccommodate the needs of
usersandproducers. Hydrogen needs

far more storage capacity thanfossil fuel
alternatives due toitslow density, requiring
3to4times more storage volume than
naturalgas. Users and producers willneed
accesstolow-cost, large-scale optionslike
salt cavernstoallowlarge scale adoption.
Unfortunately, these options are limited

by eachsite's geological characteristics.
Forexample, usersinplaceslike the USA or
Germany could take advantage of cheap
saltcaverns.Inotherplaceslike Japanor
South Korea, userswillneedtoaccess
otherexpensive optionslike rock caverns
ordepleted gas fields.

Ifwe expecthydrogentoreplace natural
gas, solutions for transportand storage
oflarge volumes of hydrogen over
extended periods of time willbe essential.
Consideringthe hurdles this entails,

we expectthelack ofinfrastructureto
be asignificant barrier to adoption. At

the moment, thereisno clear sightto
whenthese hurdles willbe overcome but
governmentsupportoninvestments that
otherwise would not be profitable willbe
key to bridge this gap.



Government policies

Although hydrogenisahottopic, there
are currently few government policies to
supportdemand growth. Whilst some
countriesincluding Australia, Germany,
Japan, and South Korea have national
hydrogenstrategies, most ofthemare
early stage.

If we expect hydrogen
toreplace natural gas,
solutions for transport
and storage of large
volumes of hydrogen
over extended
periods of time willbe
essential. Considering
the hurdles this entails,
we expectthe lack of
infrastructuretobea
significant barrier to
adoption.

BloombergNEF estimates that for
hydrogento scale up, US$150 billion of
subsidiesare neededby 2030 to support
the demand. Without thislevel of support,
hydrogenwillnotbe abletoscaleata

pace that would allow governmentsto
meet theirlow-carbon commitments.
Furthermore, COVID-19 hasincreased
uncertainty, weakened governments'
balance sheets, and made the prospect of
large hydrogen supportchallenginginthe
shortterm.

It's adifferent picture onthe supply side.
Bothgovernmentsandprivate players

are making plans to build greenhydrogen
production facilities. The EUaloneis
planningtoinvest US$550 billion by 2050
into greenandblue hydrogen. The obvious
caveathereisthat without support for
demand, alack of reliable off-takers could
hampertheseplans.

19 The Street View

What isrequiredforahydrogen
revolution?

Evenifhydrogenachieves cost parity
with fossilfuels, decarbonisation must
be centralingovernments'agendasto
supportits growth. Countries willneedto
have net-zerotargetsadoptedbylawand
have committedto defined dates. This
shoulddrive stringent carbonemissions
policiesand carbon prices,inturn
generatingapullindemand.

Regulatorybodies must also adapt
standards andregulations to
accommodate hydrogen'sincreased
roleandremove currentrestrictions.
Thesebodies should create tools suchas
guarantee-of-origin schemes, for users to
identify renewable orlow carbon hydrogen
andallow companiesto trade hydrogen
freely. Also, standardisation bodies must
agree and harmonise technicalnormsto
reduce market friction.

Finally, hydrogen markets and products
willbe essential to promote private sector
investment.

Hydrogenis central to combatting
climate change, we think.
Decarbonisationbased only on
electricity willbe too expensiveand
impracticable for manyindustries.
Nonetheless, there are stillmany
barriers toadoption. Transportingand
storinghydrogenis challengingand
requires massiveinvestment. Cost
parityis possible onlyinafewsectors
without steep carbon pricingand
regulation. Asaresult,government
supporttode-riskhydrogen
investments willbe key tohydrogen’s
successasanenablerfueltoacleaner
economy.

Despite these challenges, governments
andinvestors are already committing
considerable sums of money to
hydrogen production. Itremains tobe
seenifthis money will, over the next
decade, help kick-start the hydrogen
economy.

Basedonwhat we've seensofar, overthe

next five totenyears we donotexpect
hydrogentobecome a mainstay of the
climate changearsenal. Nonetheless,
we will continue to monitor the market
tofind opportunities that could fit
within Actis’ investment strategyand, if
appropriate, allow ustobeasuccessful
investorinwhatisaveryexcitingnew
technology.

Hydrogenis
centraltocombat
climate change, we
think:
decarbonisation
basedsolelyon

electricityis too
expensive andimpracticable for some
industries

There arestill
major barriers to
adoption:
transportingand
storinghydrogenis

challengingand
requires massiveinfrastructure
investment.

Government
supporttode-risk
_

hydrogen
investments willbe
keytohydrogen's
successasan
enablerfueltoa
cleaner economy: Cost parityis
possible onlyinafew sectors without
steep carbon pricingandregulation.

Overthe nextfivetotenyears,
we do notexpect hydrogen
tobecome amainstay of

the climate change arsenal.
Nonetheless, we will continue
to monitor the market to

find opportunities that could
fitwithin Actis'investment
strategy and, if appropriate,
allow us to be successful
investorinwhatis avery exciting
new technology.



New distribution
Grid modernisation:
Akey enabler for energy transition
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Theworldisundergoingan energy advance materially,impactedby the
transition. Electricity demandalone shiftin energy mix towards renewables
willdoubleinthe nextthreedecades’. and evolvingload patterns from electric
Transmission and distribution will vehicle and heatingdemand.

Exhibit 2: 20th centuryvs 21st century gridrequirements
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Exhibit 3: World satellite view of lights at night

Source: Shutterstock

Thisrapidly evolving energy transition
gives developing countries opportunity
tocreateacleanerand greenerenergy
ecosystemwith accessibility for all

and self-supportedby indigenous
renewable resources. Deployment of
new technologies, proven conceptsand
best practices from mature electricity
markets will allow developing countries
toleapfrogincreatingan efficient energy
systemwhilst avoiding costly mistakes.
Astheenergy transitiondrivesthe
change for power systems, close co-
operationbetween stakeholders, such as
governments, utilities, grid operators and
investors, is centralto the much-needed
grid modernisation which ensures energy
accessforall.

The doubling of electricity demand willbe
suppliedby analmost tenfoldincreasein
renewables’installed capacity which also
needs tobe connectedtoapower grid.

21 The Street View

To achieve acombined vision of energy
transition, electrification of energy and
universalenergy access, the transmission
anddistribution grid (T&D') willneed to
overcome challengesincluding:

— Gridstabilityandthe need to maintain
stable frequency withvariable supply;
Grid extensions facilitating
electrification, power system
resilience and security of supply; and

— Griddigitalisationand smart
monitoringtoimprove the level of
service, the performance of existing
and agingassets, fasterreactiontime

and avoidingbrownouts and blackouts.

Increasedrenewables shareinthe energy
balance hasanother complication, as
renewable power generation comes both
fromlarge scale projectslike wind or solar
farmsontransmissionlinesaswellas
numerous smaller ones such as residential

PV solar connected on the distribution
grids or microgrids thatgenerate and
distribute electricity atlocallevel. The old
scheme of one main single backbone grid
ina'star' configurationis movingtowards
acentralmaingridinteractingwith several
localgrids and generation units, making
gridbalancingand managementadifficult
task.

Tomanage such dynamic power networks,
Actisis seeinganimprovedfocus

from grid operators and utilitiesinthe
emergingmarketstoinvestinrenewables
integration, grid modernisation,improved
resiliency andreliability, and digital
transformation. As physical realisation

of gridmodernisation cantake many
yearsandoftenlags power generation,
allkey stakeholders willneed to work
together muchmore closely thanonthe
generationside.



Exhibit 4: Delivering grid performance / stability - the checklist

Digitisation

Measures

— Datadrivenassetmanagement

— Smartsensoringtechniques

— Dynamicrating systems

— Newgrids withautomationand smartdevices

Effect

— Betteruse of existing grids

— Improve power grid capacity rapidly with minimum physical
and capital-intensive changes

— Usemarginbetweenratings and 'true thermal limits'

— Minimising curtailment and unexpected outages

Uprating High Voltage overheadlines

Measures

— Replacingoverheadline conductors withHTLS conductors
(High Temperature Low Sag)

Effect

— Increase transmission capacity

— Existingroutingandinfrastructure canbe re-used, thus
savingtime and effort

— Fasterincrease thanbuildingnew HV lines

Using FACTS

Measures

— FACTS (Flexible AC Transmission Systems)
— Powerelectronics

Effect

— Bettercontrollabilityandincrease transfer capacity of
power networks

— Bettercontrolofvoltage and (loop)flows

— Preventbottlenecks by making better use of available
capacityinconnections elsewhereinthe grid

HVDC power transmission systemand ancillary services
Measures

— ModernHVDC (High Voltage Direct Current) technologies
— VSC(Voltage-Source Converter) technology

Effect

— Highpowerbulk transmission overlongerdistances

— Ability to control power flow betweenits nodes allows power
flowinaconnected HVAC grid to be optimised as well

— Capabilitiestodeliverancillary services
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Hybrid AC/DC solutions

Measures

— Replace AC circuits with DC circuits
Effect

— Cantriple transmission capacity

— Existingroutingandinfrastructure canbere-used, thus
savingtime and effort

— Highcapex(HVDC converters)

Adding storage and connection pooling
Measures

— Batterysystems

— Hydrobasin

— Power-to-gasfacilities

— Connectionpooling (solar +wind)

Effect

— Effective use of connection capacity over time

— Combiningwindand solar adds up more efficient use of
connection capacity (wind night, wind + solar day time)

Bestpractices

Measures

— Modular, standardised concepts

— Bestpractices andriskmanagement

— Expertknowledge, experience, skills

— Quality controland project verification

Effect

— Firsttimerightimplementationandreliable operation
— Lessfailures, outages and consequentiallosses

— Goodquality =highvalue

Innovative technologies and services

Measures

— Technology Qualification

— Testingand certification

Effect

— Mitigate therisks while harvesting the benefits

— Certificationwhere pre-existing standards andrules are
incomplete

Source: DNV GL



Transmission: apanel of technological
solutionsandbest practices

Theworldpowerline length and capacity
isexpectedtogrowby 2.5x? witha
substantialamount of grid growthin

the emergingmarketstoensure energy
accessibility tothelast mile.

Exhibit 1 shows the growth of world's
power line capacity by voltage class.

Although LV and MV lines dominatein
terms ofthelength of lines to be invested
in, astrongtransmissionbackbone willalso
berequiredto satisfy electricity transport,
systembalancingneedsandtrading. As
utilities/grid operatorsinthe emerging
markets consider transmission grid
extension, they can evaluate options aside
from straightforward grid extensionslisted
in Exhibit 4 to meettheirkey objectives.

Exhibit 4 provides alist of measures,
basedonavailable technologies orbest
practices, and potential effects, which can
be utilised toimprove grid performance
and/or stability.

Eachcountry'sgridis unique due to

their geographicalshape,load centres
(industries or population) vs. generation
centres, topography amongseveral other
factors—hence, the evaluation of the
most cost-effective solutions (to meet the
objective and challenges) willbe key.

Increasingrenewable grid penetration:
matchingintermittent generationand
fluctuatingdemand

Variable renewable energyis expectedto
deliver over 60% of the global power mixin
2050, fromwind and solar PV1 raising the
question of grids having sufficient stability
tomeetdemandreliably. Unlike fossilfuels
thatcanbe cheaply stored for prolonged
periods, the supply of, and demand for,
electricity overthe gridmustalways be
balanced.

By accurately predicting supply and
demand, utilities and grid operators
willbe more equippedtodealwiththe
intermittent supply of renewable power
and cantherefore movetoamore
decentralised system. There are several
solutions which could be appliedto solve
the gridbalancing challenges as shownin
Exhibit 5.

Exhibit 5: Potential solutions for grid balancing

Distributed Storage

Energy Efficiency

DemandResponse

Devices that store
electrical energy
locally for use during
peak periods or as
backup

Flattens deman
peaks and valleys

Source: World Economic Forum

Distributed storage or utility scale storage:

Batteryandother storageincluding
hydrogenand electrical vehicle (EV)togrid
connectionwillincreasingly be usedto
allow power generationto be decoupled
fromdemand. Longtermduration storage
solutions are expectedtobecome
commercially available by 2030 with EV
chargingsystemsthatcanbefedintothe
gridbeing 10% of allEV storage capacity
andable to provide 24/7 grid flexibility?.

2 DNVGL, DNV GL Energy Transition Outlook 2020
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Any service or device
that allows for reduced
energy use while
providing the same
service

Reduces overall
demand

Technology that
enables control of
energy usage during
peak demand and high
pricing periods

demand

Energy efficiency anddemandresponse:
Otheroptions toimprove gridflexibility
include energy efficiency (green buildings
andsmartsystems)and demand side
response, enabled by interconnected
digital solutions. Onthe demand
response side too, severallargeindustrial
customers use price signals to shift their
loadrequirements from periods of high
price, tight supply (oftenleading tovoltage
reduction or other grid constraints) to
periods of cheap, abundant electricity.
New technologies (Li-ion batteries) will
alsoassistin thisresponse management.
New technologies (suchas Li-ion
batteries) willalso assistinthisresponse
managementandare expectedto
undergo deployment due tolower costand
flexibility toinstalland operate for demand
response.



Distribution:reliable energy access for
allcustomers

As emerging markets utilities/grid
operators prepare for decarbonisationand
pave the way for roof-top solar, electric
vehicle charginginfrastructure, mini-

grids and more distribution networks, the
complexity and operational requirements
increaseinmagnitude. Tomanage those
challenges, arange of smartgridanddigital
technologies andsolutions are available
tobuildaresilientand future proof grid
infrastructure:

Thelistin Exhibit 6isnot complete but
indicates the range of digital opportunities
tosupportanoptimisedtransmission
network.

Framework fora Smart Grid: Emerging
markets cangetitrightfirsttime

Tosecureacoherentdevelopment of
agrid, utilitiesand grid operators must
deploy aframework (see Exhibit 8) to
include alltherelevant parametersand
elementsneededto meet objectives,
solve currentand foreseen challenges, and
tomake therighttechnologyinvestments
inthe gridat therighttime. Emerging
energy markets canlearnfromother
marketswhen they embarkthe journeyto
implement.

Buildingasmartanddigitised grid means
alsobuildingasafe oneintermsof
cybersecurity. ITandOT systems ofthe
utility must be updatedto protectagainst
risk ofintrusion and grid control while also
protecting data fromthe consumers.

The futurewinnersinthe space of
transmission and distribution grids

will create value from dataanddigital
platforms. Smart Metering, see Exhibit 7,
isone example technology that provides
dataandinsight onhowto optimise tariffs
andgridinvestments, andin addition
reduce non-technicallosses orenergy
thefts.Itisalsoone of thefirstdigital
technologyinvestmentsinemerging
energy markets together with centralised
SCADA.

Exhibit 6: Digitisation opportunities for
transmission network

Distribution networkautomation

— Keypoints: GrowingRenewable
penetration, urbanisation, ageing
infrastructure, security threats,
climate change, lower reliability,

localandregional grid management,

remote operation

— Technology/platforms: SCADA,
EMS,DERMS, ADMS, GIS, OMS,
WMS, Control Centres

Smart metering

— Keypoints: Consumption, Tariffs,
Revenue Collection, Energy Theft
/ Fraud Detection, Non-technical
losses, Load Management,

Prepayment, Outage management,

Remote meterreading, power
quality monitoring, connect/
disconnect, processimprovement

— Technology/platforms: Digital
meters, communication
infrastructure, IEC standards, SW
communicationmanagement
systems (HES), integration

Datamodel / commoninformation

model (CIM)

— Keypoints: Data Analytics,
Artificial Intelligence, Efficiency,
Cost Optimisation, Energy Market
dataexchange, Automation, Data
Quality, customer management,
dataintegration

— Technology/platforms: Data Model
Standards (CIM), Enterprise Bus,
API (Application Programming

Smartcitiesand population
concentration

As emergingmarkets urbanisationand
electrification grow, individual energy
consumptionincreases alongside
risingwealth. As per the United Nations
Population Division?®, itis expected
thatroughly two-thirds of theworld's
populationwouldbe livingin cities by

3 United Nations, World Urbanization Prospects 2018
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Interface), Asset Management,
Business Model, IT for OT, Customer
Relationship Management (CRM)

Electrical vehicle

— Keypoints: Consumption growth,
volatile consumption, capacity
constraints, electrification,
energy transition, storage, De-
carbonisation

— Technology/platforms: Charging
Infrastructure, Load Management,
Virtual Power Plants, Aggregation

Roof-top PV

— Keypoints:Renewables, Distributed
Generation, decarbonisation,
household electrification, reduced
infrastructure investments,
consumer engagement, energy
management

— Technology/platforms: DERMS,
home energy management
solutions, net tariff schemes,
SCADA

Load managementandaggregation

— Keypoints: consumer flexibility, peak
shaving, optimise grid investments,
virtual power plants

— Technology/platforms: Smart
Metering, Flexibility Aggregation
platforms, smart applications,
commercialtariffs, remote connect/
disconnect

Source: DNV GL

2050. Theincreased concentration of
load centres and consumptionwould put
pressure onthe energy grid and support
the needfordevelopmentof smarter
cities withdigitaland smartgrids, which
would need substantialinfrastructure
investments.



Grids:aUS$20 trillioninvestment
opportunity

Gridinvestmentsare primarily driven by
greater electricity demand, requirements
fornew connections for power stations
distant fromthegrid, andthe needto
reinforce transmissionanddistribution
systems due to expansion of intermittent
power generation sources.

Asper DNV's estimate, US$20 trillion
willneedtobeinvested over the next 30
years to develop new grids with digital
capabilities, fromtransnational, ultra-high
voltage transmission systems tolocal
distributiongrids.

Governmentsandregulatorsinemerging
markets are doing their partby pushingup
standards andauthorising capex for grid
modernisationthrough the regulatory
and policy framework. And the private
sectorandinvestorswillneedto continue
playingakey rolein proposing feasible and
bankable solutionsincluding technical
innovations and new business models for
realisingasmart, reliable and digital grid
systemto serve future requirements over
thenext50to 100years.

Exhibit 8: Framework for gridmodernisation

Externaldrivers

— Regulationand
Compliance are changing

— Societalpushfor
digitalisation

— Externalcyberthreatsare
more evident

— Consumptionpatterns
arechanging

— Renewable energy
sourcesareintroduced

— Customershavea
strongervoice and expect
more

Source: DNV GL
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Exhibit 7: Smart Meteringintegratedinto utility Information Systems
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Decision making
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( CRM Billing ERP WMS GIS DMS SCADA)

Source: DNV GL

Asanemerging marketinvestorwitha
trackrecord ofinvestingin, managing
and operating national utilities and grids,
Actisiswell positioned to supportthe
modernisation of grids by identifying the
latest technologiesandbest practices
todevelop smartgrids. Forinstance,
ActisthroughitsinvestmentsinUmeme
(Uganda), Energuate (Guatemala) and
now currentlyinEneo (Cameroon) has

Company

Strategic

objectives|
Smart Grid

Security of supply

undertaken several grid modernising
initiatives such as deployingsmart
meters, installing centralised

SCADA (Supervisory Controland

Data Acquisition), automatinggrid
substations, and digitalising operations
and maintenance processes. Actis’ focus
ongrid modernisationanddigitisation
will continue tobe akey valuedriverin
future gridinvestments.

Internaldrivers

— Pressuretolowercostand
increase efficiency

— Digitalisationisrequested
(and needed) top down

— Challengingtoattractnew
(andrequired)
competences

— Prosumerschallenge
operationsandrevenue
models

— "Dataisthenewoil”



New distribution

Energy storage foragreentransition

Preyavart Gadhavi

Energy Infrastructure, '
London
<

Watch this podcast

pgadhavi@act.is

Postthe COVID-19 pandemic, the
energy sectoris expectedtoaccelerate
delivery of decarbonised, electrified
energy infrastructure as governments
aroundthe globe attempt torevitalise
their economicgrowthinamore
sustainable manner than ever before. As
the energy sector transitions towards
cleanerandgreenersourcessuchas
variablerenewable energy, stationary
battery storage willbe akey enablerand
isexpectedtoattract US$964 billion*
investment over the next three decades;
with over 70% of these investmentsin
utility-scale, stationary battery storage
projects.

Increasing penetration of Variable
Renewable Energy (VRE) in global
energy mix

Electricity demandis expectedtomore
than double by 2050% by when VRE
generationis expected to supply 62% of
the world's electricity (up fromaboutc.
9%in 2019). The high penetration of VRE
inthe energy mixrequires aconsiderably
more flexible power system to balance
supply and demand. Battery storage,
aneconomicaland mature, bankable
technologyis expectedtoplayakeyrole
inensuringthatcheap, green electricity
isstoredand providedto customersas
andwhenneeded. Globalbattery storage
capacityis expectedtoexpand many
folds—reachingatotalinstalled capacity
ofc. 1,650 GW/ 5,800 GWhby 2050; with
50% of the totalinvestment (c. US$485bn)
beingmadein utility scale batteries
needed for Energy-shifting.

Exhibit 1: EV battery costlearning curve
Eachlabelledyearrepresentsadoubling of installed capacity
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Accumulated Li-ion battery production relative to 2019 accumulated production

Source: DNV GL, Energy Transition Outlook 2020

Exhibit 2: The collapsing cost of battery storage systems
BNEF Estimate Real 2019 $/kWh

600 581

40% reduction
500
400
300

200

100

‘17 18 19 20 21 22 23 24 ‘25 ‘26 27 28 29 30
I Batteryrack
I PCS

Balance of system [ Developer overheads

I Energy Management System [ Grid connection

I EPC* Developer margin

Transformer

*  Excludes warranty costs, which are often paid annually rather than as part of the initial
capital expenditure, These costs do not explicitly include any taxes, although due to alack
of transparency in the market, some may be unknowingly included. This is for a brownfield
development so excludes grid connection costs. Includes a 10% EPC margin. Does not include
salvage costs or project augmentation

Source: BloombergNEF

1 Bloomberg, 2020 Long Term Energy Storage Outlook

2 DNVGL, Energy Transition Outlook 2020
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Significantlearning curveand price
reduction possibility for batteries

Inthelastdecade, Lithium-ionbattery
prices have declined by over 85%, inreal
termsto $135/kWhin2019% Ridingonthe
back of strongdemand for batteries from
consumer electronics, electric vehicles
andenergy storage, we expectafurther
60% reductionin Lithium-ionbattery pack
prices by 2030 ($70/kWh)*. The learning
curveforbatteriesis expectedto continue
at 19% for the next decade, whichmeans
the battery prices willdecline atarate of
19% with every doubling of cumulative
capacity-additions®.

Versatile application forbattery storage
solutions

Battery storage provides arange of
dynamic applications, improving stability
duringrapid changesintheload/demand,
providing energy arbitrage/trading
opportunity, avoiding curtailmentloss,
and many others as shown to theright.
Battery storage couldalsoimprove system
resiliency to deal with extreme weather
eventsandsupportdeferringinvestments
ingridinfrastructure.

2020isexpectedtobearecordyearfor
energystorageasatleast4.5GW/9.2GWh
of newinstallations are expectedtocome
online globally, with approx. 98% of storage
projectsbeingLi-ionbattery storage
duringH1 2020°.

Battery cost trendand the future

Giventheinvestmentandscale benefitto
Lithium-ionbatteries due torapid growth
inelectric vehicle sales, we expectthat
turnkey costs for Lithium-ion battery
systemswillreduce by c.60% betweennow
untilthe end of the decade (see Exhibit 3
totheright), alongwithimprovements
inenergy density (definedas amount

of energy that couldbe stored per unit
weight; the higher the energy density, the
betteritis).

Beyond 2025, thereisanexpectationthat
ahostofnew generation ofbattery cells
and next-generation technology willbegin
tobe commercially available and push the
energy density of battery cellstoincrease

[Sa RN

DNV GL, Energy Transition Outlook 2020

Exhibit 3: Versatile applications for battery storage solutions

Scaleofthe
storage project

Solaror Wind
Power IPPs

Target
Customers

Utility-scale projects

Small-scale

projects

Corporate,
industrial &
residentialusers

Grid
Services

Time-shifting
ofload

Improving
power quality

Shift demand from peak to non-peak hours and energy
generated fromnon-peakto peak hours

Active andreactive power control

Reducing
predictionerrors

Smoothening

2 poweroutput

o

g

©

L

a

g ‘ Reduce

< Tackl\lng curtailment
curtailment

losses

Makingrenewables
dispatchable

Firmingup
renewables

Ancillary (Grid) services—
Frequency & Capacity Reserve

Black Start Capabilities &
Un-interrupted power supply

Source: BloombergNEF

fromthe existing Li-ionbattery 200Wh/
kgby 2.5times, to 500Wh/kgand drive
battery prices downto $50-60/kWh by
2030.

Thereisaplethora of storage technologies
inearly-stage development. However,
thelarge-scaleinvestmentalready made

Bloomberg, 2020 Long Term Energy Storage Outlook
DNV GL, Solid State Battery Part 1: Technology Outlook

6 Bloomberg, 2020 Long Term Energy Storage Outlook
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Minimise errorsinforecasting
and scheduling

Reduce ramp-up orramp-downrates
for power generationand demand

Participatein

ancillary services
market

Micro-Grid (Black Start) &
Supply power during outages
of main power supply

inthe supply chainand mass production
facilities for Li-ionbatterieswillactasa
barrierto entry. Alternative technologies
willneedto demonstrate significant
technologicaland costadvantage over Li-
jonbatteries beforelarge scale adaptation.
This seems some way off.



Nevertheless, there are several exciting Exhibit 4: Solid state batteries
alternative battery storage technologies
asdiscussedbelowthat couldbecome

relevantandimprove the sector over the

nextdecade:
1. Solidstatebatteries
2. Redoxflowbatteries 1 Solid electrolyte

3. Zinc-airbatteries

Solid state batteries

Most currentlithium-ion batteries

employ liquid electrolyte (Li-ion salts as
organic solvents), which needs expensive
membranes separating cathode and
anode andimpermeable casingto avoid
leakage; theliquid electrolyteis also
flammable causing safety concernsand
restricting size/designfreedom. Whereas,
usingasolid electrolyte willprovide a
smaller size batterywith higherenergy
density, longerlifespan, increased safety
andlower costdue toremoval of certain
components suchas separatorand casing.
Solid-state batteries are expectedto store
uptotwiceasmuchenergyasali-ion
battery.

Redox flow batteries

Flowbatteries store theirenergyinthe Theredmembraneis solid electrolyte
electrolyte, whichisinaflowable form of

redox species suchas Vanadium, Iron/ Exhibit 5: Redox flow batteries
Chromium, Zinc/Bromine. Aredox flow

batteryhasadistinguishable feature that \ /
theamount of powerandenergy canbe
scaled separately—whereby the amount of Electrode - - - SN A Semi-
electrolyte couldbeincreasedtoincrease permeable
storage capacity, and the cell size and membrane
seguence determinesthe power capacity.
With redox flow batteries, thereis no phase
conversionwith solid active materials,
which cansignificantly increase battery
lifeand makeitrecyclable - key qualities
suitable for utility scale battery storage
applications.

¢-----------

Electrolyte Tank Electrolyte Tank

Pump Pump

Source: BloombergNEF
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Zinc-air batteries (ZAB)

The ZAB are fromawider family of
batteriesthatuse metalandair—in
whichthe anodeisametaland cathode
iscarbon-basedwith a precious metal
covering. As air passes freely through

the battery, oxygenreacts withthe metal
andactivates anelectrolysis process and
resultant flow of current. Untilrecently,
ZAB sufferedfrom poor cycle efficiencies
(due todendrite, needles, growing out of
anode)and canhaveimbalanced charging
anddischargingtimes, but a substantial
amountof R&Disbeingperformed by
universities and start-ups aroundthe
globe, andthere areindications ofa
commercially viable technology being
available by 2025.

Thereare several otherinterestingenergy
storage technologies suchas Flywheel,
Liquid or Compressed Air Energy Storage,
Electrothermaland Gravity storage
technologies, which could also evolve to
outperform Li-ion battery technology but
todate Li-ionenjoys asubstantiallead.

Future oflong-term/seasonal storage

Thecurrentbattery storage technologies
provide flexibility in the power system
toaccommodate the hourly or daily
volatility but an economical solution for
seasonalstorage wouldbe key to achieving
the highestlevelofrenewable energy
penetration. Therationale of seasonal
storageistosolve fortwokeyissues:

1. Shifting surplus greenelectricity
fromaseason of high generation/low
demandto a period of highdemand/
lowgeneration, and

2. Enableacomplete decarbonisation of
the electricity systeminasustainable
manner.

Afew viable options mainly differing

inthe way electricityis converted and
stored—as hydrogen, methanol, methane,
ammonia or methylcyclohexane are
under development. Asper DNV's
analysis, storingcompressedhydrogen
inadepletedgasfieldis the most cost
effective seasonal solution’,andwe
expectthe global policy movement
towards Hydrogento expedite economical
and bankable solutions for seasonal
storage earlier thanthought.

What's the opportunity for battery
storageinemerging markets?

Foremergingmarkets, the energy
storage marketis expectedtogrow
to20GW/60GWh withaUS$25 billion
revenue opportunity by 2025%. Amongst
our markets, Indiais emergingasone
ofthelargest,immediate energy
storage markets, with expected c.4GW
(estimated 12-16GWh) of new storage
capacity to be addedto the energy mix
(CAGR of 46%) until 2025, requiring approx.
$6bnofinvestmentsinthe next 5-7 years.

In Africa, Actis'investee companies
alongwiththeir partnersare currently
undertaking feasibility studies ontwo
major grid-scale battery storage projects
integrated with wind projectsin Senegal
(Lekela) andKenya.

Sustainable and
Responsible
procurement of
batteriesis possible.

Actis'Responsible Investment team
continues toworkwith Tier-1 suppliers not
onlyonresponsible procurement of rare
metals for batteries as well as evaluating
recyclingand second-life applications for
batteries.

Battery storageisakeyenergy
transitionenabler

Continued deployment of energy storage
will be key for energy transition. The
dynamic application of battery storage
onthegenerationanddistribution side
willhelp tointegrate renewablesintothe
energy mixbutalso manage grid flexibility
and stability, makingitan attractive,
remunerative and unique solution.

With Actis aiming to supply clean,
affordable andreliable electricity to
billions of people, battery storageis
nolongerapotentialtechnologybuta
competitive, mature and present-day
enabler for the global energy transition
towards amore sustainable and
decarbonised future.

7 DNV GL, The Promise for Seasonal Storage 2020

8 IFCandNavigant
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Actisinpractice
Robotic blade inspection

Hernan Arr]gone Exhibit 1: Drone and crawler vs regularinspections

Energy Infrastructure,
London

Autonomousdrone Crawler

hernanarrigone@act.is

Wind turbines use the wind’'s kinetic
energy to generate electricity. The wind
propels the turbine due to adifferencein
air pressure across the blades which
spins the turbine’s electromechanical
system. The structuralintegrity of the
rotorbladesiscrucialtoensure
continuous power productionand the
safety oflocal stakeholders. Blade
failures can cause significant economic
losses and socialimpacts.

Today

Unlike other components, suchas
gearboxesandgeneratorswhichare
commonly equipped with condition
monitoring systems ("CMS"), wind blades
operate without sensorsreportingreal-
time data. Systematicinspectionroutines
are criticalto avoid poor outcomes,
ranging from catastrophic failure to
longrepair downtimes andinferior
performance.

Before

Regularinspectionand maintenance
oftheseblades canleadto safetyand
longdowntime challenges. Traditional
methods suchas "rope access” cantake
up totenhourstocomplete and expose
professionals to working at heights of upto
150 meters.

Echoenergia ("Echo"), an Actis Energy
Fund4investee company, is usingnew
technologies, suchas drones, robotics
solutions and Altoimprove the quality,
time, and safety of suchtasks.

Results

By usingsensors and high-quality
cameras, that allow dronestofly around
wind turbines autonomously, the
inspectiontasks have beensignificantly
improved. Artificialintelligence and
machine learning also made the analysis
oftheresultingdata more affordable,
repeatable andaccurate. Inturn, this
enabled the wind blade management
platformto deliver datathatdrove the
turbine operationand maintenance
("O&M") strategy and reduced costs.

Operational safety No exposure of workersin

Downtime reductionin 10x confined space

Downtimereduction
IA/ML fordataprocess More area covered during the
Blade surface fully covered inspection

Advantages

IV AND HE-DIE 1

? ort h Wi n d Images courtesy of Arthwind
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Forinternalbladeinspections,
Echoenergiauses minirobotic crawlers
todeliver highlevels ofaccuracy. This
avoids people workinginharshand
confined environments and provides
morereliable and safer outcomes. Being
smallinsize—typically less than 1 meter
inlength - robotic crawlers are capable
of overcominginternal obstacles and
accessingblade sections that were
previously notinspected.

Both ofthese technologies were
successfully appliedin two of
Echoenergia'swindfarms (Sdo Clemente
and Tiangua), improving theinspection
ratetoanaverage of six turbines per day —
where arope accessinspectionwouldtake
fromeighttotenhours. The use of this
technology aloneresultedin significant
saving during 2020 of circa US$200,000
by reducingdowntime andimprovingthe
identification of nascentissues. Healthand
safety of employeesalsoimproved.

Asadirectresult of theseinspections,and
the subsequentanalysis ofimages with the
aid of artificialintelligence, Echoenergia
was able toidentify POls (Points of Droneinspectioninaction
Interest) notmappedby theregular
inspectionperformedby the OEM. These
findings were then discussedwiththe
O&M service providertoimprove their
maintenance plan.

With Echoenergia we continue to apply
new technologiestoprovideabetter
understanding of blade condition,
evaluate theadherence and quality

of service providers and maximise
production whileimproving safety.

Robotic crawler
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Using artificialintelligence and machine learning
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In our current environment,
investmentsintherenewable energy
sectoronly workunder high-
performance assumptions. Awind asset
must operate withan availability rate of
above 97% tobe considered efficient. A
solar PV parkis even higher, requiring
availability rates of 98% andabove. Asa
result,ownersmustlook forevery
opportunity toimprove operations. One
greatallyisthe application of artificial
intelligence and machine learning (Aland
ML). These toolscanreadbig sets of data
acquireddirectly from the assets (wind
turbines, substations, inverters, etc.)
andbasedontrends and patterns,
predict component failures wellin
advance ofthe events. Thisinformation,
inturn, allows theasset managerto plan
repairs or component exchanges
without suffering from unexpected
downtimes.

Echoenergia ("Echo"),an Actis Energy
Fund 4investee company, hasbeen
attheforefrontofapplying Aland ML
toolsforanumber of years. Developing
thesetoolsin-house, Echohas created Echoenergia Operations Control Centre (OCC)
algorithms capable ofidentifyingfailures
inwind turbines gearboxes weeks before

- company closetohalfamilliondollarsin service providers - by supplyingthemdata
they would materialise. As aresult of energy losses and emergency turbine points toinvestigate —allowed Echo to
this technology, Echorecognisedand repairs. Being able to partner with original avoidtheselosses.

mitigated severalevents, whichifthey

equipment manufacturers ("OEMs") and
were to occur, would have cost the

Suchtechnology canbe scaledupand
integratedinto other componentsby using
the same platform. This produces savings
without significantinvestmentandallows
the company to expandthe toolsinto
otherassets.

Echoenergiais one of the pioneersin
Brazil'srenewableindustry,and as such,
will continue to develop and refine tools
andalgorithms that predict failures
andimprove the operation of its wind
farms. Artificialintelligence and machine
learningis one of the most promising
applications of digital solutions for the
renewable energy sectorandEcho,
andother Actis’ platforms,areinthe
vanguard of that trend. Given the small
size of theinvestment-intherange
ofafew thousanddollars—and the big
payback that we have seen, we know that
thevalueaddedhereis enormousand
stilluntapped by most operators.

Echoenergia—Serrado Mel Wind Farm
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Bigdata driving performance
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The Atlas Virtual Manager (AVM)is abig
datatool, developed by Atlas Renewable
Energy (Atlas), to track Solar PV
project’s performance. Atlasisa100%
Actis- ownedrenewable energy
platform, targetingmarketsacrossLatin
America, and focused primarily on
solar-powered generation.

Usingplantdata obtained fromthe
distributed control system, the AVM allows
forrealtime monitoring of equipment
operating conditions, at the different plant
levels - strings, combiner boxes, inverters,
etc. Thus, the AVM candetectissues from
asingletracker not movingas expected,
toanentire area ofthe plant affected

by abnormalsoiling. Having this level of
granularity, allows maintenance teams
and operatorsto quickly identify and triage

problemsand schedule the best course of
actions basedonthe expectedimpactto
generation.

Developedin-house by Atlas'engineers,
the AVMincorporates performance
algorithms that use machine learningand
artificialintelligence. These algorithms
determine the expected performance
ofthe equipment, considering ongoing
environmental conditions. If such
performanceis below estimations, the
AVMtriggersanalertinformingthe

site crew of the location, description of
theissue and mostlikely cause of the
underperformance.

AVMis constantly beingimproved withthe
introduction of new predictionalgorithms.
Forexample, by usinginformation
obtained frominverters, the AVMcan
currently predictwhena DC cable will
failseveraldaysinadvance. Giventhat

the AVM canissue alarmsto signalthese
predictions, plant operators are able to
optimise maintenance plans and avoid
the associated productionimpactor

catastrophic equipment failures. The
ability to predictevents also helps optimise
the spare partsinventoryand budgeting of
future O&M activities.

Asanextension ofthe AVM, the Atlas
teamis currently developinga series of
tools that will allow an automatic forecast
ofrequiredlabourand spare partsandthe
integration of these intothe enterprise
resource planningsystem (ERP). These
tools willhelp to automatically schedule
work orders and provide plant personnel
with more time tofocus onkeyissues, such
asimprovinglong-termplanning.

At Atlas, we decided to combine
AVMwith other state-of-the-art
maintenance and diagnostictools, such
asadrone survey withinfrared cameras,
IV string tests (current-voltage) or
robotic panel cleaningto achieve the
highestlevel of performance and
generation efficiencyinour plants.Asa
result of these strategies, Atlas was able
toachieveastellar 99.6% availability
acrossits portfolio during 2020.
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Materialimprovementsin Mexico
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Theworld’s power generation fuel
mixis changing. Afundamental global
shiftis occurringaway from carbon
intensive generation sources, including
coaland oil, towards cost competitive
renewables and lower carbon footprint
sources, such natural gas. Natural gas
is 50% cleaner than coalona CO2 basis
butovera1,000timescleaneronan

air pollutionbasis, andit can enable
renewables penetrationinthe grid of
morethan30%-50%.

Renewable energy cannot meet electricity
demandalone, asgridsneedareliable and
dispatchable source of power forwhen
thewindis notblowing, and the sunisnot
shining. Typically, grids are not strongor
flexible enoughto manage shortfallsand
access power viaimports orexports, and
storage technologiesare yetnot cost
competitive beyond short period usage.
Inmost markets, achievingarenewable
penetration greater than 20%-30%
without additional baseload power
generationbecomes strenuous.

Natural gas fuelled power generation
istherefore akey partofthe transition
toalowcarbonenergy systemand
investmentsinthistechnologyare
essential. Naturalgaswillenablea
decarbonisation of the grid by replacing
old polluting power sources and allowing
agreateradoption of renewable energy.
The guestionhereishowaninvestorcan
obtain attractive returnsinsuchamature
technology withouttakingunreasonable
risks. Forus, the answerrelieson
operationalimprovements.

Operationalimprovements are changes

- technical, organisational, financial,

etc. - thatincrease the performance of

the assetwithoutamajor shiftinitsrisk
profile. Astaple example of thisis the
applicationinour portfolio of GE's Advance
Gas Path ("AGP") technology intwo of
SaaviEnergia's sites, Bajio and San Luis
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Exhibit 1: Share of global electricity generation by fuel - Percentage
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Exhibit 2: Renewables share of power generation by region - Percentage

u World

Asia Pacific
B Africa
B Middle East

mCls

W Europe

B 5. & Cent. America
W North America

3]

99 m k) 05 o7 i)

Source: BP, Statistical Review of World Energy 2020

delLaPaz. SaaviEnergiais a Mexico power
generation platform created through
Actis'acquisition of InterGen's Mexico
portfolio. Throughthe acquisition, Saavi
becamethefourthlargestindependent
Power Producer ("IPP")in Mexico, with
aportfoliothatincludes 2,600MW in
operation, with sixcombined-cycle gas
turbine projects.

Thisupgrade consists of the replacement
ofaseries of partsinthe most critical
section of the turbine - combustor and

firstblade stages - withcomponents
benefittingfrominnovations and
materials advancements that allow higher
firingtemperatures and a significant
efficiencyimprovement - of up to 3%.
These changes provide performance and
operationalflexibility, drivenbyincreased
output, lower fuel consumption, longer
maintenanceintervals and reduced start-
uptimesandemissions.



Giventhatthe upgrades modify the
operating conditions of the plant, Saavi
hired anindependent engineering firmto
conductatechnicalfeasibility study and
determine the modifications needed, on
the gasturbines and auxiliary equipment,
toensureareliable and safe operation. In
the case of Bajio (644MW), it was necessary
toupgrade the maintransformers ofthe
units forthe plantto operate at the full
capacity afterthe upgrades. Inaddition,
the coolingwater systemhadtobe
overhauledandimprovedto meetthe
increased coolingrequirements. For San
LuisdelaPaz (220MW), it was determined
thatthe originalequipment was able
tooperate safely andreliably afterthe
upgrades without modifications.

Afterimplementingthe AGP atbothssites,
the combined output of the plants was
increasedby closeto 65MW, orroughly
10%, without negativeimpactstothe
safety, availability or reliability of either
ofthem. The additional capacity was
obtained by theincreaseinthe output
generatedby the gasand steam turbines,
whichinturngeneratedabetteroverall
efficiency. Thisinvestment allowed Saavi
tosellthe additional capacity - approx.
500GWh/a - atvery attractive prices

and provideda significant return onour
investment.

These operationalimprovements, in
conjunction with otherslikerotorslife
extension, optimisation of spare parts
andrenegotiations of operationand
maintenance agreements, arekey to
unlockingvalueinthese type of assets.
At Actis,weareatthefrontier ofgas
turbine technologies, to ensure thatall
ofassets performwell.

Saavi—San LuisdelaPaz CCGT Plant
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Actisinpractice

Efficientinfra-redinspections of
photovoltaic plants

Ralf Nowack

Energy Infrastructure,
Actis, London

rnowack@act.is

Hugo Vits

GeneralManager,
Pelicano,
Chile

IRinspectionisagame-changer

Thelong-termenergy performanceand
failure-free operation of aphotovoltaic
(PV)asset depends onthe combined
performance of PV modules, inverters
and medium voltage transformers
organisedin multiple power blocks.

Duringoperation, PV modules may
develop defectsthatrequire repairor
replacement. Defectsresultinlower
energy productionand sometimes cause
safetyissues.Infrared (IR)imagingcan
detectagreatvariety of failures, fromhot-
spotstomismatchlossestoinstallation
failures, without affectingnormal
operation.

ThelRinspectionof PV plants has evolved
quickly. Walkabouts withhandheld IR
cameras have beenreplaced with fly-
overswithdrones equipped with high-
resolution IR cameras. Digital twins of PV
plants cannow be created quickly using
workflows thatintegrate, process, and
quality-controlthe IRimages generated
indroneinspections. Cost-effective
plantsnapshots canbe established
during construction, commissioning

and operation, to create status and
performance sequences supportingasset
optimisationandhandoversacrossthe
lifecycle.

Periodical IRinspections are anemerging
alternative toinvestmentinstring-
levelmonitoring SCADA systems. Both
approacheslookat PV performance and
inthat sense they have an equivalent
objective. With IR survey plus comparative
energy performance you canaddress
evolution of soilingand plant performance
atthesametime. AsIR surveysbecome
fasterand cheapertorunandprocess
theywillbecome the standard option. In
turn, thismayleadto plant simplification
decisions, lower relative investmentin

and more actualinvestmentinenergy
generation.
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Exhibit 1: Outcome of the IR survey at Pelicano:

T U T

1. PhysicallR features (70.5% of total) mostly associated with dust accumulation near
the frame of the paneland physical damage of modules
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2. Shadow|R features (22.1%), including shades caused by cabling
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3. SoilingIR features (7.4%) representing modules with significant dust coverage

Source: SkyClope



IRinspection of the Pelicano PV

Chileisafast-growing PV market with
some 3.5 GW of installed capacityandan
additional 2.5GW capacity projected. The
ecosystemoflocal support servicesis
growingaccordingly with costs beingmore
competitive.

Actis Long Life Infrastructure Fund
acquiredthe Pelicano PV assetin
December 2017, afterthe plant
commissioning. Pelicanoisa 111MWdc
(105MWac) plantlocatedinthe Atacama
Desert (Chile), composed of 59 power
blocksand 25,554 strings of 10 high-
performance (435W) monocrystalline
modules each. Module capacity
degradesat0.25%/yearaccordingto
the manufacturer. The planthas been
performinginline with projections.

At Pelicano, the SCADA systemacquires
the powerdataattheinvertersandnot
atthestring-level. The plantisanideal
candidate forinspectionasthe IR will
complementthe SCADA data.

Theaerialinspection ofinfrastructure
usingdrones andfixed wingaircraftis
anestablished serviceinthe mining,
energy, andreal estate sectors, with
different suppliers available. Pelicano
chose asupplierwithlocal PVinspection
experience thatis associatedwithasurvey
processor with globalfootprint.

Thekey ‘sell”points of the selected
supplier were:

1. Availability to shoot the survey with
limited contact with site team during
the COVID-19 pandemic;

2. Thedeepknowledge of defect
interpretation usingacombination of
artificialintelligence algorithms and
expertinterpretation;

3. Thepossibility of creating adigital
twinwith multiple snapshots thatare
matched module by moduleintime;

4. Thepossibility of creating O&M
workflows to addressrepairs and then
registertherepairinthe systemfor
futurereference; and

5. Theprice (23k$all-in).
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Surveyresultsand O&Mactions

Thedrone pilotwasonsiteattheend

of May 2020 and the final 'digital twin’
reportwas deliveredin one monthon
afastturnaround. The O&Mand Asset
Management teams were granted access
andtrained onthe platform.

AllPV strings were operational at Pelicano.
Thiswas afirstforthe 800MW inspected
sofarin Chile by the drone surveyor.
Theenergylossesassociatedwiththe
detectedanomalies correspondedto 0.1%
oftotal plant generation, whichisagaina
very favourableresult.

Thesurveyidentified 1,878 thermal
anomalies forthe 255,540 modules at
the plant, whichisaverylowvalue. TheIR
was able to distinguish between Physical
anomaliesinthis case 70.5% of the
thermallosses (issues related to module/
celldamage), Shadowinganomalies with
22.1% (shadows from cables and other
features)and Soilinganomalies with 7.4%
(inaplantareathatwas acandidate for
washingatthetime).

The O&M contractoranalysedthe
resultsandincorporatedactionsinthe
maintenance schedule. Nodisconnected
cableswerefoundandall strings were
operationalwhichwas afirstfor plantsin
Chile. The execution of remedial actions
identifiedthree damaged modulesinthe
field with many of the physical features
reclassified as soil spotaccumulations,
located close tothe module frameand 6
modules werereplaced.

Lessonslearned and valueimprovement

The outcome ofthe IR surveywas very
favourable for El Pelicano asset. It provided
the necessary certainty onthe current
plant operational status, with alimited
number ofissuesidentified at the module-
levelaffectingthe energy output of the
plant. The IR survey represents an efficient
optiontodeliveran operational snapshot.

Pelicanohad consideredretrofitting the
plantwith string-levelmonitoringas a
valueimprovement option with a capex
estimate of $400k. The IR survey supports
adecisionto cancelthis option.

ThelRsurveywillserve asabaseline to
monitor the evolution of the plant status.
Asthe number ofactual features was
limitedandthe plant performance remains
solid, the next surveyis now deferredfor
late 2021 orearly 2022.

Thelearnings willbe transferredto
otherPVassetsofthe Energyand ALLIF
portfolios, including surveys during
commissioningand due diligence
processes.
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24/7, remote monitoring of assets
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Optimising operations

In 2019, El Pelicano Solar Company
setabout optimisingit’s Operations
and Maintenance (O&M) delivery atits
110MWdc photovoltaic plantin Chile.

The planthad performedwellsince
commercial operationsbeganinlate 2017,
ithadreliable, high-bandwidth energy
capacity and excellent communication
systems, able to operate at the high-
standardrequiredintheremote
environment ofthe Atacama Desert.
The aimwas tobuild onthis successand
explore new technologies to enhance
operationsandreduce costswithout
sacrificing service quality.
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Aroundtheclocksolarplants

Duetotheconfiguration ofitsinverters, El
Pelicano offers 24x7 operational oversight
evenwhenthe sundoesnotshine. This
includes providing useful services to

the gridatnight such as voltage control
support.

Around the clock monitoring

Pelicano’s performance and
communications capability made it
anideal candidate for remote 24x7
operationand security supervision.
Theplant's O&M provider, Novasource
Power Services, a spin-off of Sunpower
Corporation, providing O&M services to
3.5 GW worldwide centralised the plant's
operationsinthecity of La Serena, 130km
southofthe Pelicano plant. Novasource
builtastate-of-the-art controlroomto
monitor operations and security 24x7 for

its expanding portfolio of operating plants.

Thenewcontrolroomleadtoamore
effective workforce; plant maintenance
cannow be performed onweekdays with
a’'9to5 schedule by atwo-personteam;
module washingis done at night by two
subcontractors using semi-automated
equipment; and asless personnelare
required, the safetyrisks associated with
transportationhave beenreduced.

Pelicanoalso upgraded security systems

attheplant, to supportremote monitoring
ofthe perimeterandtherapidresponse of
police assistanceinthe event ofincidents.

The operationalimprovements
underlined by the O&M contract change
representacostreductionin excess of
30% withrespect of the original value.
This processandits outcomes canserve
asabasis for optimisation of other
assets of Actis LongLife Infrastructure
Fund.

Aview ofthe new Control Room of NovaSourceinLa Serena, integrating the 24x7
operational and security monitoring of Pelicano and other powerplants.
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