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Founded in 2015, thinstitute for Environmental Alytics (IEAparesearch andlevelopmentcentre
for big data analytics in the environmental field. The dgécialises in turning large scaigobal
environmental data into easto-use products for clients in trenergy,agiiculture and infrastructure
markets.

Re-Sat Enegy Analytic&latform

RESAT is aew, cloudbased energy analytics platform that focus on thefpesibilityand strategic planning of
new renewableenergyinfrastructure from shgle projectdevelopmentthrough to national energy trargin
strateges The platform fuses satellite and igitu weather data with agnced analytics to provide highly
detailed renewable energy information to pelsers:

[1 Explore and define the best renewable eneérgiallationmix and ther locations

[1 Assesshe potential inancial viabity of renewable rergy investments

[1 Estimate power production and variabilitpnsideringseasonal weather patterns.

The RESAT project is led ihe IEA andfunded by the UK Space AgencK®4 International Partnership
Progamme (IPPRESAT Phase(Dec 201&, Nov2017)was implenented in partnership with the Government
of SeychellesPhase ZJan2018 ¢ Nov2021)hasscaledthe RESAT fatform to 6 other Small Islan@&ates to
support heir transition from fossil fuedlectricity geneation to renewdles. The platform is now operational
and readyfor its commerciaPhase.

UK SPACE  The UK Space Agency
/ %A AGENCY International Partnership Prograne

The Intenational Partneship Programme (IPP) isSayear, £152 million programme run by the UK Space

Agency. IPP seeksuse space solutions toakea positive and practical impaeh the lives of those living in

emerging and developing economidésaugh partnerlips with end sers in the target countries to increase

their capacity and respond to specific challenges. IPRrisof and is funded ém the UK Department for
BusinessErSNH& YR LYRdzZAGNALFE {GNI §SIRE@CRE. 9L{ 0 Df2o0kft [/ KI
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Renewale Energy planmig inPalau

1. Executive summary

Small Island Developing State300S are heavily dependent on expenmsi vulnerable, pableum-
basedpower generatiorand canspend 15-20% of disposable income @tedricity (versus 5.0% in
the OECD)Whilst havng abundantrenewable energy (RE§sources ranging from solar and wired t
geothermaland hydrg the currentievelof installedreneweble capacity is low.

To support the panning and development of renewable energy projects the Institute for
Environmental Analytics (IEAwas avarded a grant from the UK Space gency International
PartnershipProgrammeto develop & energy analtics platform (RESAT)with assaiated data
products and nodelling to support SDSto plan and undertake their transitionoim fossilfuel
electricity generatin to renewabls.

Phase 1 (2017)f the pioject developed a proofof-concept platbrm for Seychelleswith Phase 2
(2018 ¢ 2021) scaing the mncept to 6 other IDS andoperdionalising the platform ready for
commerciakxploitaion after the end othe fundedphases

Through acollaborativeprocessof co-creationwith our country parters the RESATplatform was
tailoredfor Pdau underthree categories ofdevelopment:

1) Data and modlling

a. Taloredweaher datato drive the power calculationis RESAT These are highesolution
multi-year sinulations of key weathewariablescreating using modelling teolgues
combined with stellite! and in-situ data.

b. Resource mapas a guide to the abundance of energy available for acphatitype of RE
installation by location.

c. Geographicahformationmapsto assessin mmbinatbn withthe resource mapssuitable
locations forenewableenergy installations

2) Patform capabiitiesandfeatures

a. Variable Reewable Energy (VRE) simulatidRESAT modis the energy generated and its
variability from a comibation of VRE installation@vind, solar and waveyenewable
energyscenarig as specified by the userin the platform The power ontributions from
hydro, geohermal and biofalscan also be addeflrequired

b. Demand compason - If the demand for elegicity is added, REAT emparesthe RE
generatedby the combination ofnstallations(the scenarp) versusthe demand givirg an
indication ofthe amount of energy that still needs to be gertechby other sources to
meet demancdand help wih future energ planning

c. Financialanalysiss RESAT performs &evelizedcost of renewableenergycalcdation to
as®ssthe relative cosbf one technology ofombination otechnologieversus another.

1 Satellite datasbeingused to enharce our estimates of GlabHorizontal Irradiage (GHI). Surface radion
products from:OSISAF (Metead and GOEBast)and JAXA(Himavari 8)are used as RE ! gpfmary source
of data for the estimationf solar power productian
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Renewale Energy planmig inPalau

d. OO2and fuel savé ¢ RESAT calcates theCQ savedand amaunt fossl-fuel displaced
(andrelated costspy the modelled Ristallation

3) Capacity bilding:

a. Working Group meetingsand Training Workshope expain the data and gather feedback
on the platform¢ A twoway exchange of expertiseand data wasessential forthe
development ofhe project.

b. Data repository¢ The RESAT platformncludes arepository which contans allthe data
developedwith the partner country for easy accessid collaboation.

c. Technical Manuaj Acomprehensivenline Technicdlanualis avélable fromthe RESAT
platformwith step-by-step explantions ofhow to use RESAT.

Our partnership in Palauwas éd bythe Pdau EnergyAdministration(PEAJunder the Ministry of
Public Infrastructure, Industries, and Commera@rking closely with the Palau Publitlities
Corporation PEAIs the project management unit for renewableenergy and energy efficiency in
Palau.Otheragenciesnvolved ircluded theBureau of Land and Survey

Duringthe 4-yearproject, the platformevolval in responseo userrequirementsand feedbackThe
commercial readylatform (version 2)was successfulllaunded inPalauin Juy 2021 during our
final traning workshop (due tothe pandemic thigook placeonline) A session tadiscusshe way
forward of how the platform would be made availableo Palauafter the funded project endswas
also included.

Theperformarnce of theRESAT mtform in Palauwas tested against actual power producedthosy
carport solar array at Kordkirpat. Theerrors, expressed as percertage of the installedcapacity
measured orthe 10-minute average poweaccounted tal1% When averagingover a day thk errors
arereducedto 2%

Theimpactthat RESAThashad inPalauis the ability to explore potentiascenariogo achievethe
new45% erergy targetby 2@®5. Palauexpectsto achievethis mainly through solar PV and thase
alreadyon that path witha 16MW solardrm expected to ben operation in 2022. REAT was used
to test theperformanceof thoseIndependentPower Producethat bided to irstalled and operate
the 16MW farmBy using RBAT, planners have also realised #ading the secondPhaseof solar
will needto include battery storage as thenergy produced will exceedthe demandin some
instancesPalauhas now acomma platform for officers in different department to use comnon
data andanalyticdor efficiert andeffective cotboraton anddecsionmakirg.

Based on steeholder feedbackhe benefit and valu¢hat RESATS addng include:

1 Improved accuracyf data for deisions about the emrgy mix, regired gridinfrastructure
andbattery szing ¢ leading to pogéntial government savings omfrastructurecosts

9 Better power estimaion for a mix of RE developmenbased onrobug data ¢ leading to
investor conflenceandagreater likelihood tlat RE investmeésoccur, thus reducing tance
on imporied (and expensge) fossil fuels.

9 Appropriate REechnology capatyi buiding ¢ leading to partnersbeing better guipped ©
plan their future RE infrastruate.
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ForPalauspecifcally, RESATs:
1 Supporting the nonal planning procest facilitate the targeted inease in the use of
renewable energy iRalauto 45% by D25.
1 Enabling the Government and power amngsations to leverage the tools, knowledsed
results to applydr other largescale investment funding (e.g., Green Climate Fund) in support
of their RE tegets

G¢KS LINRP2SO0 YSiG GKS -padSdercetfoptéthnical validgtighSocdBey R S v (i
Ltt LINE OdzNBRamofi WMandyINdRIaieehanidakEngineer (PPUC)

G2 AGK GKAa yS¢ IRGIFIYydlFr3aS 6S | NB AYPEINKS NR 3
Minister Charles I. Obichan@ffice of the Ministry of Public Infrastructure, Industries & Commerce

Forgotten your password?

Figure 1Landing page dhe RESA platform

2 Extractfrom alLetter of appreciation to UK Space Agency filmerGovernment of Pala{2019
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2. Project overview

2.1. The energynd datachallengefacingPalau

2.1.1. AboutPalau

Palauis lacatedin the westernPacific Ocean and contains 340 islands with an area of 466km
population of Palau is arouriL,00Q Its most populousslandsare Angaur BabeldaobKororand
Peleliu The latter three lie together within the sarbarrier reef while Angaur is an oceanic island
severalkilometresto the south. About tweahirds of thepopultion lives on KorarThe capital
Ngerulmud is located oin¢ island of Babeldaob.

Palau lies on the edge of the typhoon belt. Tropical disturbances frequentlpplear Palau every
year, but gnificanttropical cyclonesre quite rare. Palau isvulnerableto the impacts of climate
change mainly from sea level @sindthe impads of extrane events

Palau is gresidential republic in free association with the United States, which provides defence,
funding and access to social services.

PA LA U Ngeruangel

Palau

REPUBLIC Islands Kayangel
OF PALAU
Kossol Reef
Pulo Sonsorol Islands {\Il\ sol
Anna Passage
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Philippine Sea
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0 20 km Ngemelis - -Ngerchong _
< Nosc 5 arp NORTH
o 10 miles Ngesebus Island (Ngercheu) PACIFIC(
Peleliu OCEAN
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Figure2: Map ofPalau
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2.1.2. Eledricity in Palaug Enegy targets

Palau has a target of achieving% of electri¢iy from renewable energy sources by 2028DC
targets (2015)

ThelRENA Palau Energy Roadmapsuggested that the deployment t#rgescalesolar irms and
wind on the main grid of Korddabaldaob together with battery storageuld supporthis ambitous
target. The combined gridkororBabeldaob main grid has consistently accounted for ca. 98% o
national electricity demand.

t FfF dzQa St SobéyknOid awded And yertkediby the Palau Public Utilifyo@dion
(PPUG) governmentcontrolied utility with national responsibility for electricity and water services.
The generation capiyg consistof 30MW of diesel generation and 2.3MW of B&ftop systems

The Palau Energy Administration, part of the Ministry of Pubfrastructue, Indugries and
Commerce, in collaboration with the Palau Public Utilities Corporation (R&t¢&)onsible for the
management, implementation armdaintenance of new energy projects and infrastructure on lhehal
of the Government of Palau.

The Palau N#onal Emrgy Policy (NEP)(2010¥ sets out the policies around climate change,
renewable energy and sadty of energy supply both in terms of relidiland redience The NEP
provides a framework to make informed decisions and to manage the enetgy. 3¢k is also a
Strategic Action Plamvith a more detailed action program.

In 2018 the Govemment of Pdau awarded acontractto an Independent Power &ducerto develop
a dispatchableutility-scale solaPV projectdr 35MW of RE and 45MWh of engy storageThe IPP
would build, operateand sellthe power to PPQfor an agreed price and terms as negotiatethia
Power Purchaségreanent. However the govenment had to rdaund the request for proposal
(RFP) for internakasonswhich delayed lhe developmat of the solar project. The neilPPbid is for
a 20MAp solar generation andias selected at the beginning of 20Zhe currentrenewableenergy
penetrationin Palauis 4% (personal communication fromovernmentofficial) mainly through solar
rooftop PV (on commercial facilities andhe airport carpat), but with this new IPPsolar
developmentthe countnyis on its wayd meet ts goal of 45% renewable energy use by year 2025

2.1.3. Challenges renewabé energyplanning- comma to Small Islan8taes

Planningand managing renewabnergy production redgee a goodunderstanding othe variality
in the natual phenomena such as clouds, wind, wate In SIDSthere area limited numbe of
weather sations, therefore there is limitediata to understandsignifcant gegraphic varihility, and
records maye interruged by operational disttbanceséading to missingeriods ofdata. Theg may

3 Pahulntended Nationaly DeterminedContributbns (2015
https://www4.unfccc.int/sites/ndcstaging/Publisheatliments/Palau%20First/Palau [BlBnhal%2@opy.pdf

4 PalauNationalEnergyPolicy (Aug 2010).
https://policy.asiapacificenergy.org/sitesfdelt/files/Palau%20National% 20t oy % 20Pticy%202.pdf

5 Strategic Actioflan Energy Sector (2008jtp:/prdrsedall.spc.int/system/files/essap final draft -23.pdf
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be supplemented from time to time by sp#c site surveys or resrch pojects,however thesawill
be limitedin location or timeframe.

Satelite based measurementsan be usedo generate data produs that @an regularly estirate
weather parameters overlarge areas. However, the spatial reswmn (typically in the wler of
kilometres) and timeeasolution may rot always ke suitabé for renewal# energy planning.

A key considetion in renewable eneggplanniry ard managementsithe needto anticipate slort

period (within 10 minute) fluctuatiann production, as shoiterm drops inrenewable prodction

need tobe rapdly compensatd by backup anventional fossil fuegeneration battery storage or

other measues.As renewable mergy prodation is dstributeR I ONR &a | NBIAtgy > GKS
RNE LJAa Q A youtphiSah dedsseried as, foexample, not dl indallations wil be affectedby

changes in cloud awind at thesame point in time. Thimeans liat a good undersinding of he

variablity in these natural resources by location aimde is essential, arttiis isnot always supported

by current soures ofdata.

A lackof confidencein the current data okervations an lead to overonservéive assmptions
about therequiremens for backup (kading to increased operational costs),imcreased perception
of risk fom investors (leadingo increased osts d lending).

2.2. The RESAT sokipn

The RESAT projet has addresed these challenges ldevelopirg an energyanalyics platform to
suppat the transition to renewable energy and lgng weather observationssatelite data
products andmodelling techriquesto enhance andfill in gapsin the weather dataecord The
soitware platform allow users to acess theseenhaned datasetsand use hemto provide improved
renewable energy resoce estimates for investg and panningpurposes

RESAT Phase 1 (Demmber2016¢ November2017) fawuseal on Seychelleand the IEA engagkewith
a team of end u=s drawn fom the main enegy-related gvernment agences within Se/chelles.
Through a series aforkshops and trainingessios the IR refined the dinctional requremernts for
RESAT undethree categories of developmd:

1. Data aml mocelling
2. Platform capabilitiesand features
3. Caacity buildim.

RESAT Phase Built on what was leared and developedn Phase 1 to appthe platform to a range

of other 9DSincluding Palay in orderto proveits usefulness and commaéat vability in different

countrieswith separaé renewable mergy demads.The abilii @ G2 SELI yR GKS 02y OSL
score is a key strengthf@an Eath Observationbased saltion.
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2.3. Targeing the UN S8stainableDevelopmeat Goals

RESA supports the transition toward low carbon energyin SI[3 and contribugs tovards two key
aspects: energy riehce and climate change mitigation

1 Sustaiable @al 7 ¢ Affordable and Cleanriérgy - SIDS ardneavily
dependent on epensive, ulnerable, petroleumbased power
generation (~B% acoss d the IDS(IRENA 2014 and sgnd 1520%
of disposable income omlectrigty (versus 5.0% n the OECD).
Paraloxicdly, SIDS havabundant RE resirces ranging éim solar ad
wind to gethermal and hydro. Howevwer, the cumulative RE adoption
acrossSIDSs lesghan 15% of totakapacity (IRENA, 2014).

CLIMATE 1 Sustainable Ga 13- Qimate Action¢ Degite emitting les than1% of
1 ACTION global greenhouse gasesSIDS are veryumerableto the effectsof

climae changeincluding tising sea levels, seawatarfiltration, lard
@ erosion and seve storms.

Increasing the use of renebl@ enery on island stas will improve energ searrity and tacle
climate changgleading ultimgely to amore sustainale econonic gowth inthe SIDS

Our programme alignsripnaryto SO5 7 andhe specific targt 7.2: By 2030, increase substantially
the shareof renewable engyin the global eargy mh E ¢ ¥ igdicdidc 726G &Sy Sol oyf § Sy S
sharein the total final energyconsumptioy” € @

In addition, part of our workalso contrilntes to SDA0 Reduced kgualites €.g.,through better
targeting renewal#® energy practs & low-income groups) andSDG 11 (Stesnable Cities and
Communities).

6 IRENAInternaticnal Renewble EergyAgency
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3. Projectpartners

Our partnership in Palauwas éd by the Pdau EnergyAdministration(PEA under the Ministry of
Pubic Infrastructure, Industries, and Commeragorking closely with the Palau Publitlities
Corporation(PPUC)PEAis the projectmanayementunit for renewableenergyand energy efficiency
in Ralau.Otheragenciesnvolved ircluded theBureau of Land ah Survey

Therole of PEAhas been tdadlitate accas to theprogressegardng renewableinitiativein Palawby
providng expet knowledge inb the particularRE requirements and potentihsources ofdata. PPUC
hasprovidedregular updags on thestatus of the project plannedunderthe request for proposal as
well asvaluablepower catafromthe solar array athe airport carportfor ourvalidation purposes.

P

Figure3: Palauparticipans at the RESAT workshoptother withmember sathe IEA teamNov2018)

GThe close working group relationship with the IEA teamPataliside team[was a key
factor leading to project achievemengésfamon Many Adelbai, Mechanical Engineer (PPUC)
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4. Developingthe RESAT fatform

4.1. Understandinguser reeds- commaon high-levelfunctionalities

After initial assessmeng with all stakebiders n each sland the value chairdisplayedin the figue
belowwascapuredto showhow RESAT cagallities wereintended to benefit the SIDStekehobers

/What RE-SAT does: \ /This meansthatenergv\ / This ultimately \

planners can: benefits the SIDS by:

Verify and extend national RE
resource assessments whilst Increase the coverage,

quantifying uncertainty; resolution and precision of

* Increasing the uptake

* Create representative time estlmates.of natural energy of RE in the SIDS
series of wind and radiation resources; assisting in the
from weather simulations * Increase the confidence in reduction of carbon
enhancing scarce local RE estimates for investors emissions
observations with earth and ol b ifvi
planners by quantifying . . .
observation data and regional risk; Reducing the costs of:

weather modelling - project finance

* Benefit from more skilled

* Develop methods to assess the staff working on RE * implementation
suitability of locations for planning in the SIDS; and « energy production
renewable energy production;

* Improve the cost * Reducing the economic

* Allow policymakers and effectiveness of creating risks of reliance on
planners to assess the energy estimates of RE production fossil fuels.
production potential of future given scarce data resources.

renewable energy production

[ AN AN /

Figure 4: RESATintendedvalue chain.

Thefollowing high levefundional requirenents wee identfied, common to allpartnerSDS

High evel Requiremant

Resoure maps- Identify the lilelyaggregate vaation inweather variables affeicty enegy
production {nsolation wind speedwaveheighy by locéion and repesert in the formof a map.

Weathe data- Quantfy theexpected \ariationin weather ariablesaffecting energy productiorby
location overa sSmulated time period

The simudted weathervariableswill:

Range oer multiple yeas (sufficiento capture malesof multi annwal variaton e.g.,ENSO).
Reprodiceas fa aspossble the climatologyfor eachnominated location.

Preserveealistic meteoologicalinter-area correlations

Providesimuhted data points at nomated time restutions with nomissing gapsat a
nominatedspatial resolution

= =4 =4 =
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High evel Requiremant

Locaton asessment Identify potenial feasibleand optimalocations for the placerant of RE

installgionsconsideringmultiple decisia criteria ard constraints (environnal, regulatoy and

legal).Functionalityis reeded to:

1 Fadlitate the overla of GISlayers for loation identification.These Igers are liklyto include
resourcemaps, errain modelslanduse,transport networkselectric grd infrastructure, optich
imagery, building otlines,flooding, lamislide, storm hazardsexising REnstdlations.

Poweroutput estimation
Createfuture scenariosdr power output from newREnstallations, rguiredfor:

1 Strategic planning.

1 Respamseto national ommunicationgo the UNFCCC

1 Procuremenexercises for Bor grid infrastructure

1 Supportproposalsfor new infrastructure.

Users need to be ablo:

1 Load pe-sekded site locatiosfor installations

9 Loadexisting installatiospecificationsinto ascenario.

 Locatey adl f | YWRXY 2p/Wade YKI

91 Define thetechnical specification afindand solarinstalktions, sufficientto allow esimates
of power poduction from simuatedredisticweatherconditions.

M1 Definefinancial attbutes for eab scenario andhstalation, sufficient to estimate &ffirst
orderg lewelisedcost of energyL COEQver the installation lifetine (e.g.,attributes such a
capital ependiture, operation expnditure, inflation finandal dscount rates, instiation
lifetime).

1 Compare the outpudf a group of installationsithh a user spcified range olemand
scenarics, in orderto estimate how muie renewale production wi fall shot of or exaeed
demandthroughouteach day isimulated weather years.

1 Simuatethe eneagyproduction froma spedied mix of RE indlations aairsta range of
realisticweather condtions Estimate the total amount of powethat wouldbe gererated
andits variability overanominatedtime resoluion.

1 Quartify the uncertaintyof given levet ofenergy generatiorof installations in &cenario,
known asexceedance probabiligsP10, P50 and”9Q

1 View the results bthe simulation by individuianstallaton and & varying time esolutions
(hourly, day, wesk, month, year) Guide tte user tosignificantconditionsin the weather
simulations(for examge periods of maximum or minimungererationor rateof change of
power production.

9 Allowvariatbns on senarios at different pointsin time to be easiy devebped comparedand
evaluatel, accountig forinstallationaging and changes in demand.

1 Allowuseasto colaborate by shangand deelopingscenarig within and between
stakeholder tems.

Tranhing andknowledge $aring
9 Delivertraining to nominatéel userson how tousethe dataproducts andsdftware platform.
1 Providea way to exchage knowledge ithin the country and across amtries egardinghe
useof RESATand renewablenergy related issus.

Accessd RESAT
1 Provide secure @es to the plathrm, through unique logisito key $akeholders
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4.2. Specificrequirementsn Palau
The folbwing ecificrequirementswere requested by stakeolders inPahu

Resource mas¢ to support location assessnt of the future lar and wind RE installations

1 Solamap
1 Wind mag
1 Wavemap
Weather data:
1 Globalresolution déa (30 x 30 kmJor a national assessmefdar combined sar, wind
and wave

1 High resolutiof solar data productand wihd productsto suppot the investmen cass
for Koror and Babeldaob islands

Probalilistic powercalculations
1 To minimige the risks in sizing new RE developmerfassessinghe range of potential
power resulty

Cast assessnent
1 Addeconomiacost analges calculatonsfor renewableinstalation typeswithin RESAT.

Capacity bilding
1 Training pakage to help usesnavigte throuch the software pgatform.

Dispatch mod#ing
1 Modelling the integration of intermittent renewables with other forms of generation,
storage and reserve, allowing better qtification of fessil fuel cost and also éssion
savingsNote that this requrement was not in scope fdhe current project butthe IEA
team is taking thiforwardas a future ehancement

Meeting theserequirementsthrough developingnew functionalities in RESATmeant that that those
respasble for RE planning Palauwvould beable ta
1 Increase the cowerage, esoluion ard precisim ofestimates of natual resources neded
1 Increase the cofidence in RE estimatés investors and phners.
1 Bendit from more knowldgeable ad skiled staffworking onRE planning
1 Improvethe efficiency anceffectivenes d creatingestimaes of REproduction.

Over timethesewill contribute towards improved decisiommaking, redaed costs of implemeation
and nhcreased uptake ofenewable @ergyin Palay helping to reducehe cost d enemgy production
and reducig the economg risksof reliance orfossilfuels.

7 & A 3K NBmiearts graditRtyathave been derived by thEAteam, typically using combining global
resolution products and ground truth with cptax data intensive modaeity. Typcally, the resolution is oftte
order of 1km x 1km spati, 10-minutetime resolution
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4.3. Respondng to requrementsg the techncal solution

Through a allaborative processhe IEA tem tailored the project to the needsof the Governnent of
Palauand its agencieand devedped a set of agmd targeted dojectives with shordterm benefits or
Palauas vell as log-term benefits.

The RESAT functional requiremets, as developed inoasultation with Palau partners, wee
sepaated intothree categores:

a) Dataand mocklling
b) Patform capallitiesandfeatures
c) Camcity building

4.3.1. Dataand modeling

1. Weather data Analysel and simuhted weather datdor coupledwind ard solar resources.
These weatler daasets were creatad based on despoke lockareahighresolutian (1km x
1km)numerical weather mdel canfigured bythe IEAor Palau

The weather data prodicts createdinclude wind speedijncoming shortwae radiation
temperature ard dobal Horizonal Iradiance (GHI) A wave datag was aso generated
directly from the 30kmx30km Rewlysis dat (ERA5) sed to drive our higp-resolution
weather nodel.

Satellite datad being used to enhance oestimates ofGHI Surface radiation pduds from:

OSISAF (Mteosat and GOE&ast)and JAXA(Himawari 8) are used as RE! ¢ Q& LINA Y I N
sourceof data for the estmation d solar poweprodudion. Satellitederived estimates otie

incoming flux of shortwae radiation are generally preferred asvthe esimates from our

weather modelsimulationsdue to the dificulty of accurately simulating cloumbver. The

situation is reersed towardslocal dawn and dusk ten the remotely sensedstimates

become unreliatd, at which point we fall back to theeather madel data

2. Resurce maps. A gude to the abundanceof erergy awilable for a particar type of
renewable generation by dcation. Resowre mapswere developedor: solar windandwave
(see Figur®).
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Figureb: Solar resource map fBralau

3. GEmap layes. The® ae layers.either provided bythe partner country or aeated bythe IEA
(Figure6). Conservation is very important Ralau, so GIS layers for conservation areas and
protectedareas were impdant to show placesheredevelopmentshouldnot take place.
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4.3.2.

e
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Fgure 6: Exampt ofsomeof the GIS layes availablein the RESATplatformfor Palau

Platfom capabilitiesand featues

Map Layers

s Data layers
Buildings g
Conservation areas v
Historic Sites -
Protected areas v

90% -

Public Lands -

Location assessmentA capability to se theresouce maps together with a combination of
GIS layers tassess suitabllocaionsfor newrenewabé enemy instaktions

Renewablescenaio settingsand instdlations characteistics The caphility to crede future

configurations of mixed rewable @ergy installations RESAToffers temgates of generic
installationtypes andthose that have beeralready used or specified by the user,adding to

the bespoke naure of the appliation.

VatiableRenewabld&Energysimulation(VREsimulation): RESATmodekthe energy generated
and itsvariability from a combination o¥/RE insllationsas specified bythe user. The resilts
arebasd onthe multi-year weather dataeveloped and taileed forPalau
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Scenario performance summary o, Download all statistics
How much energy does my scenario generate annually from renewable sources? , Download

‘What doss this mean?

Fgure7: BExample d the scenarigperformance summary didayin RESA.

4. Gepthermal, hydro and biael contributions Capality to add power estimaed from these
installationtypes. Theseare addel by the user aixedoutputs a predetermined tme-series
of production

5. 02 and fossil fuellisplacementRESA cdculates the potentialfor displacemen of fossit
fuel related osts andd02emissions saedfrom the modelled renewableenergyscenario

What fuel volume and CO2-eq emission equivalents does the RE generated
represent?

4, Download

What doss thie mean?

Figure8: Example d the resuls ofthe CO2 ad fossil fuel displacement calculatiom&RESA.
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6. Uncertainty quartification: RESAT reportggeneration estimatesat different exeedance
probabilities expresing howoften it is ikelythat agiven anmal quantity wil be exeeded
when neasued repeaedly over severalyears (to account for yar-on-year variability).
Canfidenceintervalon eah of these estimates ardso provided (to accountfor modeling
uncertainty).

7. Demand comparisq: If a yealy load curve (demand for electricity) is provided for the
scenaio, RESAT ompares the REgenemted by the scenarioversus the danand eg., the
platform quantifieswhat residual loadremainsafter conddering therenewable contribution.
Thisgives an indicaion of the amourt of enagy that stil need to begeneratedby aher
sources to meet tht demand.

Does on-grid RE generation ever exceed demand? J, Downloac

Tl

[T} i L

Figure9: Exampke of summary results ftine demard comparison analysis inSH.

8. Finandal andysis: Cambiity to as®ss therelative cog of one scenario or technobgy type
versus anotler. RESAT pdorms alevelised cost afenewableenergy ckulation (LCORGAI
the financial assumptbns regarding costs of installatien inflation,etc. were ftilored for
Palauandarrived at inconsutationwith partners

Generation Sensitivity

10% 293 1 2% 0.320
25% 292 1k 1% 0.322
50% 289 1% 0.325
75% 286 13.8% 0.328
90% 285 13.8% 0.330

* LCORG - Levelizad Cost Of Renewable Generation

Figue 1Q Exanple of perbrmance inétators at different Exdance probaliities together withthe
Lecelised @3t d Renevable Gearation results
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FHgurell shows an extract m a discouted castlow modelautomaticallycreatedfrom a
scenario irthe RESATapplicaton. Themodd can be downloaded by ¢huserin theform of
an XCE spreadheetandshowsall asssumptions male and tte basis of th calcudtion. This
allows the usr to perfom sensiivity analgis on alinput assurptions when calculating a
levelsed costof energy(known in RESAT as a lelised cost ofenewable geaeration or
LCORGDr the energy generatedfrom a speific instatitionto aceount for urcertain
knowledge Thelevdisedcost of energy is @@mmonindustry metric used to estiate and
compae energy costslhe use of satellitdatareduces theuncertairty in production
esimatesandtherefore cosestimates.

Figure 1. Extrad from a discountedashflow modd automaticallycreatedfrom a scenad inthe RE
SATapplication
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