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EXECUTIVE SUMMARY

S&o Tomé and Principe (STRgavilyrely on imported fossil fuelsElectricity is primarily generated
using diesel generatorsThe estimated electricity demand for the country is about 108 GWh per
year. 94% of electricity is supplied by diesel power plants, 5% from small hydropower plants and 1%
from isolated diesel generatorsDue to the high dependency on imported fossil fuels for diesel
generators the electricity tariff is very high Approximately 7% of the population ha access to
electricity inthe country. The STP governmenset a target to achievel 00%access toelectricityby

2030.

The study's objectivewas to conduct a detailed techngeconomic feasibility study and prepare a
detailed project report (DPR) fanstallingsolar photovoltaic systems at selected sites to reduce grid
electricity consumption and supply reliable power.

This report outlines the potential for rooftop solar PV in selected sitasSdo Tomé and Principe
(STP)A comprehensive site assessment and data collection survey was conducted at 31 locations
to evaluate their suitability for rooftop solar PV installatiohhe data collection process involved
obtaining crucial information for each building, ensuring a thorough understanding of available
shadowfree space for installation of PV arrays on the building roof and open space/carport area
in the building premigs. The ARKA 360 (Solar Labs) software was used for project design, PV array
layout planning, and capacity assessment, with the following considerations: PV module selection,
tilt angle, orientation, shadow analysis and intesw spacing, frame size, prosion for maintenance,
module spacing and edge clearance for slant roofs.

The table below presents the names of the sites, rooftop PV capacity, estimated energy generation
and GHG emission reduction potential:

Estimated GHG
: PV plant emission
Site . . Energy .
Site name capacity : reduction
No. generation .
(kW) (MWhiyear) metric tons
y (25 years)
Sad Tomé Island ‘
1 | Supremo Tribunal de Justica 107 139 2068
2 Direcé@o do Ensino Primario 32 42 622
3 Procurador/ Ministério publico 14 19 275
4 Ministério da Defesa 86 111 1652
5 | Autoridade Geral De Regulaca (AGE 13 17 257
6 Hospital Dr. Aires de Menezes 211 299 4440
7 Ministério das Financas e Econom 169 218 3238
Azul
Liceu Nacional 272 358 5315
9 Ministério da Educacao 23 30 445

N\
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Estimated GHG
: PV plant emission
Site . . Energy .
Site name capacity ; reduction
No. generation :
(kW) (MWhiyear) metric tons
y (25 years)
10 | Tribunal de Contas 34 44 656
11 | Liceu Nacional de Santana 93 117 1739
12 | Centro Polivalente de Caué 73 104 1543
13 Escola Secundaria de Sao Joao d 24 31 455
Angolares
14 | Posto de Saude 53 74 1097
15 | Mercado de Bobo Foro 937 1318 19547
Escola Secundaria Maria Manue
1 ) 2 27 4
6 Margarido (MMM) 08 0 005
17 | Escola Priméaria de Trindade 132 172 2558
18 | Liceu Mé Chinhd 249 321 4763
19 | Centro Hospitalar de Lobata 8 11 162
20 | Camara Distrital de Lobata 48 62 922
21 | Escola Secundaride Neves 96 133 1968
22 | Escola Secundaria de Santa Catarin 75 106 1567
23 | Posto de Saude de Lembéa 48 70 1036
24 | Camara Distrital de Lemba 47 66 975
25 | Fabrica de Chocolate 121 171 2535
Total for Sad Tomé Island 3173 4303 63840
‘ Principelsland ‘
26 Direcéo R~eg|onal de Amb,len_te { 33 48 208
Conservacgdo da Natureza Principe
27 | Escola de Padréo 114 164 2436
Banco Internacional de Sao Tomé
28 Principe (BISTP) 70 98 1461
29 | Casa da Cultura 24 31 461
30 | Escola de Santo Antonio 78 110 1632
31 Hospital DR. Manuel Quaresma Dig 75 99 1474
Da Gracga
Total for Principe 394 550 8172
Total for Saé Tomé and Princip 3567 4853 72012

This reportsummarisesthe site survey findings, plant design and-[3 layout, project capacity,
estimated energy generation, and estimated greenhouse gas reduction. Estimations were made

Scaling of Solar Rooftop in S&o Tomé and Principe 2
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using the software for PV array capacity and energy generation potential. The total capacity of the
PV array amounted to a total of 3567 kWY with 3173kW, for Sad Tomé Island and 394 kWin
Principe Island and the total energy generation of all 31 sites was estimated to be 4853 MWh/year
(for the first year). In addition to this, considering the degradation of PV power generation @0.5%
per year, the total estimated C&emission reduction during the 28ear project life for all 31 sites is
72012 metric tons.

A life cycle costbenefit analysis was performed for all the systems proposed feach site,
considering the existing grieconnection capacity. Savings from replacing grid electricity, diesel
generation fuel consumption reduction, payback period and levelized cost of PV electricity have
been calculated using a financial model. Furtherneg since most consumers use diesel generators
for backup power supply during power outages, the reduction in diesel consumption based on
average savings at lower loading of diesel generator sets and hours of operation during power
outages has been calcutad after integratng a PV system into their grid networkl'he upfront
capital cost for rooftop PV projects without battery energy storage facilities has been estimated
based on established and ongoing projects in the country and the prevailing project development
costs of rooftop PV systems in the West Africargien. There is noimport duty and value-added

tax (VAT)on renewable energy generation productis the country.

The table below presentsnputs and assumptions for financial analysis to determine LCoE and
payback period for the rooftop systems in selected sites.

’\?cl)" Particulars Unit Value
1 Upfront capital cosffor PV systems US$/kW 1300
2 Annual power generation kWh/kW,/year 1365
3 Cost of battery energy storage systems US$/kWh 500
4 Electricity tariff used for calculation of savings US$/kWh 0.25
5 Retail price of dieselised for calculation of savings USHliter 1.50
6 Currency conversion ratio USD : STN 1:23.41
7 Escalation of electricity price % per year 1%
8 Annual reduction ofgeneration due todegradation % 0.75%
9 Operation and maintenance cost % of project cost 1.20%
10 | Escalationin O & M % 3%

Interest rate for term loan
11 | [https://www.bistp.st/inicio/institucional/quem % 10%
somos/relatoric contas/]
12 | Interest rate on working capital loans % 10%
13 | Viability Gap Funding from Govt/ Donor % of project cost 0%
14 | Plant life assumed for working of depreciation Year 25
15 | Residual Value % 10%
16 | Depreciation of plant (Straight line method) Percent per year 3.60%

Scaling of Solar Rooftop in S&o Tomé and Principe 3
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Particulars Unit Value
No.
17 | Equity % of project cost 30%
18 | Term loan % of project cost 70%
19 | Term loan period Years 10.00
20 | Discounting Factor % 10.22%

The LCOEwithout BESS ifound to be US¢6.68 per kWh(STN1.54per kwh and US¢17.20per

kWh (STN 3.24 per kWh) with 3 hours of full load backup of BESS. These values are much lower
than the electricity tariff for commercial and institutional customewghich is STN.03 per kWh and

STN 7.03 per kWh in Sdo Tome and STN 9.87 per kWh in Principe at the tintteedfite survey.

Additionally, the report outlines the financial benefits for consumers from grid electricity savings,
diesel consumption reductions, and payback periods for their investments in rooftop PV projects. It
has been observed that, in S&o Tomé Island, the typigayback period is around five (5) years with
savings from grid electricity and reduced diesel consumption. The sites with no diesel generator will
have a payback period of around six (6) years as there is no additional saving from reduced diesel
consumpfon. Similarly, in Principe Island, payback with a diesel generator is around three (3) years;
without a diesel generator, the same is around four (4) years.

Diesel saving is calculated based on the specific fuel consumption of diesel generator sets at
different loading when rooftop PV is installed. Savings of diesel at different loads are presented in
the table below.

G Savings | Savings | Savings
G_enerator 25% Load | 50% Load | 75% Load Load at 75% at 50% at 25%
Size (kW) | (I/hour) (/hour) (/hour) (/houn) load load load
(I/hour) (I/hour) (I/hour)
20 2.27 341 4.92 6.06 1.14 2.65 3.79
30 4.92 6.81 9.08 10.98 1.89 4.16 6.06
40 6.06 8.71 12.11 15.14 3.03 6.44 9.08
60 6.81 10.98 14.38 18.17 3.79 7.19 11.36
75 9.08 12.87 17.41 23.09 5.68 10.22 14.01
100 9.84 15.52 21.96 28.01 6.06 12.49 18.17
125 11.73 18.93 26.88 34.45 7.57 15.52 22.71
135 12.49 20.44 28.77 37.10 8.33 16.66 24.61
150 13.63 22.33 31.80 41.26 9.46 18.93 27.63

The subsequent section of the report also discusses the financial benefits to the utility company
EMAE, such as benefits from reduced diesel consumption, avoided generation, defdrred grid

Scaling of Solar Rooftop in S&o Tomé and Principe
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upgradation. For S&o Tomé, it has been estimated that 1080, k\dbftop solar power plants will
generate 1.47 GWh of electricity annually and save 329,000 litres of diesel annually. Similarly, for
Principe, &5 kW, rooftop solar power plants would generate 022GWh of electricity annually and
save6118) litres of diesel annuallyThese savings are in addition to diesel savings for individual
customers with installed solar systems.

Transitioning to renewable energy generation with battery energy storage will substantially reduce
diesel fuel consumption for power generation.his report has demonstrated three scenarios to
estimate the potential reduction in diesel consumptipnonsidering the present electricity demand
and diesel consumption as the base case. The base case timeline is-2824nd the three scenarios
were created based on projected electricity demand by 2038.

To analyse different power demand and supply scenarios for the countryoad profile with a 15
minute time block basis has been created based on the existing load profile from the ALER 2020
report and project power demand as per NREAP 2022. An Excel stiseted model has been
created to analyse demand and supply profiles 365 days a year with 96 tinhecks perday. Due

to the unavailability ofealtime load data for the entire yeaand the minimum variability of weather
patterns in the countrythe demand profile has been consideregimilar for the entire yearPower
supply profileswith 15minute time-block power generatiorhave been created fosolar, hydro and
biomass as planned in the NREAP 2Q22eating 3 scenarios until 2030The gap between demand
and supply on a 18minute time-block basis has been derived by matching the supply profiles of
planned RE power projects and the o u n demgnd profile.Diesel savings are calculated based
on loading diesel generator plants at different levels of RE integration to the grid.

The energy gorage requirementis calculated based on the number of power deficit time blocks
when demand is not fulfilled by REources Supply profiles from these projects are added
(superimposed) to the projected demand profile to determine the share of renewable endigyall
scenarios The maximum storage power capacity requirement has been calculated based on
maximum deficit powerEnergy $orage energy demand has been calculated based on the number
of time blocks having deficit power during a day

The results of the scenario analysis are presented below:

Parameters Base CasgScenario 1Scenario 2Scenario 3

Estimatedelectricitydemand (GWh/year) 110 177 177 177

Fraction of electricity demand met by R&o of
total electricity demand)

Estimated diesel savings due toksr power
generation (kiloliters/yea}

Estimated diesel savings due toydropower
generation (kiloliters/yea}

Estimated diesel savings due tddmass power
generation (kiloliters/yea}

Total diesel saving due to RE powgeneration
(kiloliters/yeay

10.70% | 35.3% | 50.9%6 | 90.106

1000 5380 10440 15320

1320 6920 9520 22720

- - - 4100

2320 12300 19960 42140

Scaling of Solar Rooftop in S&o Tomé and Principe 5
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Parameters Base CasgScenario 1Scenario 2Scenario 3
Total amountsa\eq from r.educed diesel import 348 18.45 29.94 63.21
for power generation(Million USDyear)
Government revenuesawed from avoided
subsidy on diesel for power generation (Million 232 1230 1996 4214

USDyear)

Note: The government of STP providesa subsidy to EMAE @1.00 USD per litre of diesel

Solar PV projects in Sdo Tomé and Principe can be implemented through distributed generation
systems and centraded generating plants. This report also reviews how distributed solar systems in
SAo Tomé and Piincipe can be implemented through either the Capital Expenditure (CAPEX) or the
Operating Expenditure (OPEXusiness modé which is elaborated in section 4 of this report.

The main functional requirements of an EMS (energy management system) and the two types of
metering arrangements used to measure the generation and wttion of energy from agrid-
connected solar PV plangross metering and net meteringhave been elaborated on as well.

Based on the PV project implementation plan in S&o Tomé and Principe, priority capduwitiding
activities have been laid out in the report. These include

A Establishing a training centre for practical trainingquipping it with essential facilities, and
organising technical and project management training for key agency officials.

A Organise workshops and seminars coveringgnewable energy potential, policy regulations,
economic benefits, and project costing.

A Hosting awareness workshops for commercial and institutional electricity custora@rs to
educate them on technology options and theeconomic benefits of rooftop PV, while
entrepreneurs are to be targeted with sessions on PV technologies, business opportunities,
and funding sources

AAdditionally, trainersd training, exposure

organised, focusingon various aspects of PV project development, site assessments, system
design, installation, operation, and maintenance. This would ensure comprehensive skill
building across stakeholders and facilitatke successful implementation of solar projects in
the region.

Successful implementation of solar photovoltaic (PV) projects in S&do Tomé and Principe hinges on
effective risk management strategies to ensure a satisfactory return on investment. The main risks
potentially impacting solar projects in the two islands halkeen described as well, which include
guality assurance concerns such as inadequate site planning and equipment selection, which can
be mitigated through comprehensive capacipuilding initiatives and engaging thirgbarty
engineering firms for qualitycontrol. Operation and maintenance pose challenges due to
environmental factors and require regular cleaning and skilled personnel to maximise system
performance. Policy and regulatory frameworks must support grid connectivity and tariff
determination forcommercial projects, while financial risks arise from high project costs and investor
perceptions of risk. Grid infrastructure stability is crucial for uninterrupted operation, particularly for
central solar power systems, while harsh climates necessitagasures to combat corrosion and

Scaling of Solar Rooftop in S&o Tomé and Principe 6
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environmental damage to PV modules and infrastructure, emphasising the importance of selecting
durable materials and implementing effective drainage and maintenance practices.

The final section of the report outlines recommendations for solar PV projects to be implemented
successfully in S&o Tomé and Principe. These comprise measures to be taken regarding the policy
and regulatory framework in the islands, implementation of PYojects using suggested business
models and sources of funding, selection of technology including codes and standards to be
followed, overall techneeconomic feasibility reduction of diesel import,nationally determined
emission reductionelectric vehi@ infrastructure and capacity building.

Scaling of Solar Rooftop in S&o Tomé and Principe 7
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1 INTRODUCTION

The International Solar Alliance (ISA) launchedth& c al i ng o f Pr8goammain MBroho f t o p 6
2018.This programme ains to promote, assess potential, harmaa demand and pool resources

for rapid deployment of and scaling up Rooftop Solar (both effrid and grid-connected)in ISA
member countri es. 0 SSAaToméngd PdrcipeEsampéartofthisprogramme ps i n
and its objective is to conduct feasibility studies aptepare bankable detailed project repos(DPR)

for identified sitesm the country.

Sao Tomé and Principés a member country of ISA, whicheavily relieson imported diesel to
generate generated electricity. Duéo the high dependency on imported fossil fuels for diesel
generators the electricity tariff is very high Approximately 7% of the population ha access to
electricity inthe country. The government set a target tachievel00%maccess to electricitipy 2030.

ISA has engaged Global Sustainable Energy Solutions India Pvt. Ltd. to conduct a teetmmomic

feasibility study and prepare a detailed project report for installing solar power projects in thirty

one (31) selected sites B&o Tomé and Principander thed Sc a | SolarqRooftdid pr ogr a mme .
The objective of the assignment was to carry oat comprehensive energy and power sector
assessmenand conduct a detailedevaluationof identified sites their energy demand, infrastructure
compatibility, and suithle areas for installing solar PV plant§he other activities under this project

were collectingtechnical, commercial, and financial data, reviesy relevant policies, anaarrying

out costbenefit analyses of the proposed solar projects in the selected sites.

This detailed project report (DPR) is the outcome of the study assigned by [B#s report is
presented ineight chapters, as mentioned below:

Chapter lintroduction

Chapter 2:Country Energy Fofile

Chapter3: Feasibility study ofooftop projects
Chapter4: Economic and costenefit analysis
Chapter5: Project implementation roadmap
Chapter6: CapacityDevelopment Fan
Chapter7: Risk assessment and mitigation

Chapter8: Recommendations

N\
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S&o Tomé and Principe (STP) is an island couimrZentral Africa with a population of 227,380 as

of 2022 [1] Th e

c o emetgy hndiscape is charactedd by significant challenges and

dependencies. As one of the countries in stBaharan Africa with one of the highest power
generation costs, STBealswith importing all its fossil fuels due to the absence of local production.
This reliance on importgenders the country susceptible to international price fluctuations and
emphasses its dependency on external sources. The energy sector, marked by subsidies and non
costreflective tariffs, further compounds the issue as the national utility company, Water and
Electricity Company (EMAE), struggles to recover its cd&is The challenges extend to amld
transmission and distribution systeand a power generation mix heavily reliant on expensive diesel

[3]. Decentralised energy generatigrparticularly in the tourism sectois common in the country

2.1 CONSUMPTION

Approximately77% of the population haaccess to electricityl heper capitaelectricity consumption
is about 376kWh/person Sdo Tomé's energy policy aims to achieve 10@%ctrificationby 2030

[3].

0,20
0,15
0,10
0,05
0,00

Population with access to electricity - Millions of people

H National Rural mUrban

2015 2016 2017 2018

2019 2020

2021

Figure 1: Access toelectricity as per popularised areas (Source: African Energy Commission)

The

electricity consumption of EMAEOGs el
are mentioned in the table belowwhich shows estimated electricity consumption per client and
share of total consumption

Table 1: EMAE'selectricity consumer category and estimated consumption

ectri

. Consumer Category Consumption Total _
No. (kwh/client) Consumption
1 | Residential 970 52 %
2 Smallcommercial 4423 29 %
3 | Large commercial and industrial 11057 15%
4 Institutional, state and other consumers 10160 4%
Source.EMAE

N\
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Sé&o Tomé and Principdo not produce fossil fuels. Thereforall fuels consumed in the country are
imported. Due to the absence of an oil refinery, all petroleum products, including jet fuel, gasoline,
and kerosene, must be importedThe residential sector has the highest energy demand, followed
by the industrial sector and transportation. Based on Greenhouse Gas Inventory (IGEE) data, the
transport sector, specifically the land transport subcategory, is the sectargest consumer. Tis
category accounts for 80% of gasoline and 17% of diesethe overall consumption percentages

[3].

Energy demand by fuel type (GWh/year)
600 — Firewoad
200 ——LPG
. Gasoline
o 400
% Jet Kerosene
g 300 — Kmrosene
200 e Disel
100 == Electricity
— — Chaoreoal
a -
2010 2015 2020 2025 2030 2035 2040 2045 2080 - -doriconts
Years
Figure 2: Energy Demand by Fuel Type Business as usual scenarigSource:NREAR
Energy demand by sector type (GWh/year)
=l
500
_ mn - -r-_______--'"'-
5 :
g 300
“ 200
100
o
2010 2015 2020 2025 2030 2035 2040 2045 2050
Years
— Residential e Agriculture, forestry and fishing
Transport Other
—Commercial/Institutional
Figure 3: Energy Demand by Sector Type- Business as usual scenarigSource:NREAR
Scaling of Solar Rooftop in S&o Tomé and Principe 10
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2.2 LOAD PROFILE

The annual average load profile of @& Tomé's primary grid ispresentedin the figure below. The
daily load profile indicates that the peak consumption typically happens betweepn® and 9 pm,
while it remains relatively stable for the rest of the dayhe average power demand is 13 MW, and
the minimum and maximum power demand during the dayare 11 MW andlL7 MW respective}.
The maximumpeak power demandin the eveningis 32% higher than the average power demand

during the day.
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Typical day load profile of main grid in S8o Tomé and Principe
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The installed electricity generation capacity 880 Tomé and Principevas 3.22 MW, with an
available capacity 019.24MW. Details of generation capacity and available capacity are presented
in Table 2. All the power plants areoperated from imported diesel fuelThe arerage plant load

factor of the generating stations is 41%.

EMAE's total electricitgenerationis 108.15GWh, with101.77GWh (94%) generated from diesel
power plants,5.83 GWh (5%) from hydroelectric plans, and 0.51 (1%)GWh fromisolated diesel
generators. Energy generation from the solar power plants is estimated at 0.051 GWh per year.

Table 2: Installed Capacity of Power Plants inSao Tomé and Principe

o

Installed Available Availability of| Energy Capacity
Power Plant Type Power capacity Installed Produced | Utilizatio
(MW) (MW) Power (%) (MWh) n Factor
DieselPower Plant 24.96 16.89 67.7% 96605 44%
Hydropower Plant 1.92 1.22 63.6% 5833 35%
Scaling of Solar Rooftop in S&o Tomé and Principe 11
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Figure 5: Installed capacity of power plants and energy supply mix
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Figure 6: Electricity generation growth in GWh (Source:NREAR
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2.4 INSTITUTIONALFRAMEWORK

The energy sector inS&o Tomé and Principe comes under the jurisdiction thfe Ministry of
Infrastructure and Natural Resources (MIRNMinistério das Infraestruturas e Recursos Naturais)
The Directorate General of Natural Resources and Energy (DGRNEreccdo Geral dos Recursos
Naturais e Energia)ooks after all activities in Sdo Tomé islarile Regional Secretariat for
Environment and Sustainable Development (SRADBSSecretaria Regional de Ambiente e
Desenvolvimento Sustentavdboks after the activitiein the Autonomous Region of Principe (RAP
0 Regido Autbnoma do PrincipeYhe districtauthoritieshave regulatory powers in the energy field
and actively participaten the design of public policies and theector's regulation

Policy and Strategy

Development and

Maintenance of Regulations

Plannin
energy * Establish Regulating and &
infrastructure. _ policies related supervising the
* Qversees the design to ener cectors
of public policies 9 . * Oversees the
and sector's ector * Ensures compliance Electricity Sector | * Generation
Regulation * R99U|3T9W with Decree Law no. Rehabilitation « Transmission
g powers in 14/2005 . Investment + Distribution
energy sector |« Planning, allocating Planning *  Marketing
and monitoring
Ministry of Infrastructure and Natural ™
Resources (MIRN)
* Direccao Geral dos Recursos Naturais e |~ Ministry of
Energia (DGRNE) — Sao Tomé Island. AGER - Autoridade Planning. Finance EMAE (Empresa
* Secretaria Regional de Ambiente e 9. ' de Agua e
9 ! Geral de Regulagdo | and Blue Economy =
Desenvolvimento Sustentavel (SRADS)- (MPFEA) Eletricidade)

Autonomous Region of Principe (RAP) J/\‘

Figure 7: Institutional Framework of Electricity Sector in STP

The General Regulation Authority (AGERAutoridade Geral de Regulacéo) regulates the electricity
sector, created by Decree Law no. 14/200Fhe public company EMAE (Empresa de Agua e
Eletricidade) performs electricity generation, transmission, distribution and marketirgvertically
integrated monopoly. It is the onlypublic entity thatdistributes and sellglectricity in the country.

In addition to the aforementioned institutions, the energy sector also includes the STP National Oil
Agency (ANPd Agéncia Nacional do Petréleo), which is the public body that regulates and
promotes the activities of the oil and gas industry in the natidn@rritory and the Directorate
General of the Environment (DGA Direccao Geral do Ambiente), which is linked to the MIRN and
is the body through which the Government exercises its environmental policy. The DGA has a broad
and transversal competence thatddresses the energy sector.

AFAP(Agéncia Fiduciaria de Administracao de Projectésan autonomous bodyunder the Ministry
of Planning, Finance and Blue Economy (MPRBEMinistério do Planeamento, Financas e Economia
Azul)whichmanages the Electricity Sector Rehabilitation Projicthe country.

Scaling of Solar Rooftop in S&o Tomé and Principe 13
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A Coordination Committee for the Electricity Sector Transformation Program {®TSE Comité

de Coordenacdo do Programa de Transformacdo do Sector Eléctrico) and the Technical Group
supporting the Electricity Sector Transformation Program (GAITSES Grupo Técnico de apoio ao
Programa de Transformacdo do Sector Eléctrico), support the Government in implementing the
Electricity Sector Transformation Program.

A Steering Committedn the Ministers of Finance and the Blue Econorhgs been formedfor the
Electricity Sector Transformation Program (BHSEJd Comité Piloto do Programa de
Transformacéo do Sector Eléctrico)

The National Sustainable Energy Platform (PNES) was established under the UNIDO/GEF project.
The PNES includes representatives from public and private institutions that operate/participate
directly and indirectly in the STP energy sector.

2.5 POLICY ANDREGULATIONS

o Tom®and Pencipe do not have alegal framework for renewable energy incentives or specific
access rules for independent generation under a specific regirmae National RenewabldEnergy
Action Plan NREAR recommends updatingthe current regulations and policies to achieve the
desired goals.The following measures are necessary to achieve the goals mentioned in these
development plans:

1 Regulations for lowvoltage installations should be established.

1 Regulations for the quality of material used in low, medium, and higbltage electrical
installations are to be established.

1 Regulations for grid connections, model contracts and tariffs are to be established.

1 Regulations for incorporation of solar energy in real estate infrastructure projects.

DecreeLaw no. 26/2014s the Basic Law for the Electricity Sector in SlEtPButlines state policies,
planning, management, granting generation licenses, concessions, and sanctioning legal
regulations. TheElectricity Sector Legal RegimJSEwas developed for three main reasons: to
clarify regulations to address sector challenges such as power supply issues, to encourage private
investment alongside the main producer, EMAE, and to strengthen the sector's technical and
economic regulations.The RJSE outlines the overall regulations for the electricity sector, including
renewalle energy generationin Article No. 50 and the proceeding items.

However, existing frameworks in Decrdeaw no. 26/2014 serve golicy enablerdor RE generation.
The current market orgarsation still needs to align with the RJSE fuilydicating a need to enhance
the legal framework, support stakeholders, and attract private investménirther development of
the RJSE is required through supplementary legislation, especially regardengwable energy
generation and grid integration

Article No. 52 promotes the generation of sefonsumption in the country. It defines the following
framework forthe generation of sefconsumptioricaptive consumptionand generation in isolated
locations:

9 Licenses are not required, which enables simplified access to generation from such plants

Scaling of Solar Rooftop in S&o Tomé and Principe 14
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9 Access is not restricted to delivery points. This excludes producers who want to sell part of
their generated energy to the grid. However, such producers must consume at least 60 %
of their generated energy

1 No limit is set on the maximum power to be installed for salbnsumption

Under Article No. 53, a producer in an isolated location cgenerate up to 150 kVA of electricity.
However, the system must not be connected to the national electricity grid and must sell the
generated electricity in the local areg].

2.6 RENEWABLEENERGYINITIATIVES

Sdo Tomé and Principe have showcased a robust dedication to achieving their Nationally
Determined Contributions (NDC) targetsThe country actively implementsrenewable energy
projects in various regions to pursue these objectszeThis initiative aims to diminish reliance on
diesetbased power plants, the costs of which are subject to fluctuations in diesel prices imported
from other countries.

The Directorate Generabf Natural Resources and EnerdidGRNE) the government of Sdo Tomé
and Principe, in collaboration with UNID®as setrenewable energy targetoutlined in the National
Renewable Energy Action Plan (NREARBDlished in 2022 The NREAP lays out various targets and
actions to be achieved by 2030 and 2050.

The primary aim of the NREAP is to increase the use of renewable energy sources for electricity
generation through gridconnected and offgrid systems. The NREARrgets 72% of the total
installed capacity from renewable energy by 2030. This includes 49% from solar, 18% from
hydropower, and 5% from biomass. The NREAP aims to maintain these targets until 2050. The goal
is to ensure 100% access to electricity by 2030 anadémtinue sustaining this indefinitely.

The NREAP plans tachieve the following renewable energynstalled capacitypy 2030.

1) Solar power planttapacity 49.35 MW
2) Hydropower plantcapacity 17.8 MW
3) Biomass power plantapacity 468 MW

Table 5 presents the details of solar energy installation targets as per NREAP, and Table 6 presents
the details of nhonsolar renewable energy installation targets

A 550 kW solar PV plant was commissioned in 2022, and another 1.6 M@ar PV plant is under
constructionand scheduled to be commissioned in 2024. Both PV power plants are located in the
diesel power generating station in Santo Amaro dd8o Tomé Island

There are plans to install gridonnected rooftop PV systems at the two airports in Sdo Tomé and
Principe. However, these projects are not yet implemented. At the time of this report, no-grid
connected rooftop PV systems were installed in the country.-@ffd systems with battery storage

are installed in a few government buildings to provide a backup power supply. These systems are
new and in working condition. One such system installed in a school on Principe Island has been

Scaling of Solar Rooftop in S&o Tomé and Principe 15
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rural areas for lighting and mobile charging.

Table 3: Solar energy installation target as per NREAH2]

Period Planned projects Cg\;)s\c/:)lty Location

2020-2022 Hybridization of the Santo Amaro photovoltaic plant 19 0.54 S&0 Tomé
phase 0.54 MW
Hybridization of the Santo Amarghotovoltaic plant N .

2020-2023 2nd phase 1.66 MW 1.66 S&o Tomé
Construction of the 15 MW Agua Casada Lobata Solat ~ .

2020-2025 PV Plant, with a 2 MW battery bank 15 Sdo Tome
Construction of the 15 MW Agu&asada Lobata Solar . .

2020-2025 PV Plant, with a battery bank for backup 15 Sao Tome

20212025 Construction of the 10 MW Agua Casada Lobata Solat 10 S&0 Tomé
PV Plant

20212024 Construction of the Solar PV Plant4.75 MWp with 3.5 475 Principe
MWh of storage
Installation of domestic solar PV plant (800 householdj

20212030 | 3 kW) (including rooftop PV and RE for industrial 2.4 Sdo Tomé
prosumers)

Total 49.35
Table 4: Non-solar renewable energy installation target as per NREAP[2]
Period Planned projects Capacity Location

2020-2024 Rghabllltatlon with power increase of the Contador 2 M 5 S&0 Tomé
mini-hydropower plant

2020-2025 Rehab.lllt_atlon with power increase of the Papagaio 11 S&0 Tomé
MW minihydropower plant

2020-2023 Rehabilitation of the Agostinho Neto 1.2 MW min 19 S&0 Tomé
hydropower plant

2020-2024 Rehabllltatlon of the Guegué minydropower plant with 1 S&0 Tomé
an increase of 1 MW

20202025 | Construction of the 4.68 MW Biomass Power Plant 4.68 Sao Tomé
Construction of hydropower plants on the 16 Grand N ,

2020-2030 River and in Bombaim, total ocf0 MW 10 Sdo Tome

20212030 Constructlon of a 2 MW minhydropower plant in 5 S&0 Tomé
Claudino Faro

Total 21.98
2.7 TRANSMISSION ANDDISTRIBUTION
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Sao Tomé and Principe's electricity transmission and distribution grid consists of various voltage
levels, including 30 kV and 6 kV for medium voltage (MV), 0.4 kV for low voltage (LV), and 30/6 kV
substationsas presented inTable5.

Table 5: Grid Details of S&o Tomé and Principelsland [4]

S Island Grid Infrastructure Details Grid voltage Route
No. level length
Medium Voltage 30kVand 6kV 203 km
1 S4o Tomé | Low Voltage 0.40 kV 300 km
Substations and Switching Stations 30 kV/6 kv
Medium Voltage 6 kV 25km
2 Principe
Low Voltage 0.40 kv 25km

Sao Tomé's grid features aerial and underground components, with the MV grid covering most of
the island. Principe, on the other hand, has an entirely 6 kV MV grid comprising both aerial and
underground sections. EMAE servabout 70,000customers by supplying electricity and water.
Thereis different tariff categories classified by EMAE, which are outlined as follows:

1 Tariff categories ranged from the subsaid rate of SN 1.67kWh (US$.071$USkWh)
(social tariff for consumers using up to 100 kWh/month) to N6T3.84 /kWh
(USP.185USkWh) (also subsidized) for commercial customers and services.

1 The highest tariff, SN 9.87 /kWh (US®.42$USkWh), applied to customers categorized as
"Public Administration™Regional Administration™Autonomous Region (State)and "Local
Authorities".

1 The average electricity tariff in S&o Tomé and Principe wa S'THkWh (US$®.23 $USkWh)

Customers are also categaed based on post-paid billing and pre-paid billing faciliies The tariff
structure for postpaid billing and prepaid billing is presented immable6 and Table?7.

Table 6: EMAEPost-paid energy tariff structure

Price perkWh in STN (US$)
Customer categories ” -
O 1libMh | O 3IBAMh | > 300 kWh

Domestic 1.67(0.07) | 2.45(0.10) | 3.84(0.16)
Industrial 3.43(015H
Commercial and Services 3.84(0.16)
Companies and State Institutions 6.03(0.26)

Embassies andhternational Organizations
7.03(0.30

Inst.Finance (Banks and Insurance Companies)

Scaling of Solar Rooftop in S&o Tomé and Principe 17
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Price perkWh in STN (US$)
Customer categories - .
O 1bMh | O 3Ah | > 300 kWh
Telecommunications Companies
Travel Agencies
Autonomous Region 9.87(0.42)

Table 7: EMAE Prepaid energy tariff structure

) Price per type of counter in STN
Customer categories -
Single-phase Three-phase
Domestic 2.75(0.12 3.35(0.19
Industrial 3.43(0.15
Commercial and Services 3.84(0.16
Companies and State Institutions 6.03(0.26
Embassies andhternational Organizations
Inst.Finance(Banks and Insurance Companies)
6.56(0.28
Telecommunications Companies
Travel Agencies
Autonomous Region 9.87(0.42)
1 STN =23.41
Scaling of Solar Rooftop in S&o Tomé and Principe 18
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Figure 9: Electrical distribution network of Principe (Source: Ricardo Energy & Environment, 2018)
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2.8 DEMAND AND SUPPLYGAP

There is a considerable gap in the demand and supply of electricity in Sdo Tome and Primtipe

to various reasons, such as losses in the power system, a shortage of diesel, and a failure of the
distribution system.Many commercial and institutional consumers use standby diesel power
generators as their standby power supply

The cansumers ofthe utility companyEMAEace acute power cuts ils80 Tomé and Piincipe mainly

due to the fuel shortageto run the diesel power plants andhe failure of the distribution network.
The duration and frequency of power outages are unpredictable $8o Tomé Island, which may
extend from 12 hours to serval hours depending upon the availability of fuel. There is a scheduled
power cut inPrincipe Island for & 7 hours daily from midnight to morning.Diesel generators are
common for commercial and institutional electricity consumers as a backup power supply system
to cope with power outages. However, it was observed that many diesel generators aret
functioning due to a lack of maintenance or spare parts to replace.

2.9 SOLARRESOURCE

Solar radiation data has been collected and analysed from satelitessed sources, namely NASA,
Meteonorm, and Global Solar Atlas (World Bank). Solar data collected from these sources has been
compared.

NASAPOWER (Prediction of Worldwide Energy Resourc@e NASAPOWER data archive can
produce data on a 01/ 2 x 1énabted Dbowm daceseViegdr,Aft@S gr i
image servicesetc.

SolarMeteonorm 7.3:The Meteonorm database camprisesmore than 8000 weather stations, 5
geostationary satellites, and globally calibrated aerosol climatologyisks a standard period from
19912010 or 19962015 for irradiation data and 206@009 for other parameterskigurel10presents

global irradiation at a 10° tilted surface (kWh#uday).

Scaling of Solar Rooftop in S&o Tomé and Principe 20
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Figure 10: Global irradiance on a tilted surface in kWh/m2?/day

Global Solar Atlas (World BankJolargis funded by the World Bank, provides countrwise solar
resource maps to support the global scalep of solar power. This work is funded by the Energy
Sector Management Assistance Program (ESMAP). The solar resource m&mfTomé and

Principeis given inFigure1l
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Figure 11: Solar potential in STP[https://globalsolaratlas.info/download/sao -tome-and-principe]

2.10TEMPERATURE ANBWIND SPEED
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The maximum and minimum ambient temperatures iri® Tomé and Piincipe and the maximum
wind speedwere taken from the NASAPOWER data archive. The values are givermable8. The
annual average of the maximum ambient temperature is 28.34¥hd the annual average of the
minimum ambient temperature is 24°C, indicating very low variation in temperature throughout the
year. The maximum wind speed occurs in October with a value of 10 m/s, while the average
maximum wind speed is 8.6 m/s.

Table 8: Temperature and wind speed data from NASAPOWER

Months Max ambient Min ambient Max wind speed
temperature °C temperature °C (m/s)
January 29.2 24.7 9.0
February 29.5 25.1 9.0
March 29.7 25.5 9.5
April 29.3 25.1 8.4
May 28.9 23.9 8.1
June 274 22.7 8.4
July 26.9 21.9 8.1
August 26.8 22.4 8.3
September 27.3 23.0 8.3
October 27.7 24.4 10.0
November 28.3 24.4 8.1
December 28.5 24.9 8.0
Average 28.3 24.0 8.6

Scaling of Solar Rooftop in S&o Tomé and Principe 23
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3 FEASIBILITY STUDY OF ROOFTOP PROJECTS

In consultation with theDirectorate General of Natural Resources and Ener@do Tomé and

Principe, 31 sites across two islands have been shortlisted for survey and assessment. These sites are

located in six districts of SGo Tomé and thutonomous Region of Princip€elable 9 presents the
types of institutions covered in each district

Table 9: Summary of shortlisted sites

g| Number of
' Island District sites Types of institution
No. .
shortlisted
- , . Government office: 8, Hospital:
1 | S&do Tomé | Agua Grande 10 sites pital: 1
School: 1
2 | Sdo Tomé | Cantagalo 1 site School: 1
~ . . . Governmentoffice: ],
3 |Séo T C 3 sit .
ao Tome aue sttes Hospital: 1, School: 1
4 | S0 Tomé | Mé Zochi 3 sites Market 1, School:2
5 | Sa0 Tomé | Lobata 3 sites Government office; 1, Hospital: 1
School: 1
6 | S0 Tomé | Lemba 5 sites Government. office: 1, Hospital: 1
School:2, Private company: 1
7 | principe Regido Autbnoma 6 sites Government office: 2, Hospital: 1
P do Principe School:2, Bank: 1
31 sites

A comprehensive methodology waadopted to conduct the site survey andeasibility assessment

of rooftop solar PV installatioin the shortlisted sitesThe data collection process involved obtaining
information for each building, ensuring a thorough understanding af/ailable shadowfree space

for installation of PV arrays on the building roof and open space/carport area in the building
premises.Sructural conditionsand suitabilityof building roofs for installationof PV arrays were
verified during the #e visit The data was gathered via physical examination and stakeholder
consultationat the site The approach for site assessment and the data collection results for each
site is given in SectioB.1 The subsequent sections include summaries of all surveyed sites, including
PV capacity, project design, grid integration, diesel fuel savings, greenhouse gas emission reduction,
project cost, and financial analysis.

3.1 SITEASSESSMENT ANIDATA COLLECTION

The following methodologyhas beenfollowed to carry out this task.

Scaling of Solar Rooftop in S&o Tomé and Principe 24



.%%e, INTERNATIONAL
. *®% SOLAR

fan 03 0e® ALLIANCE

L ete o

0258 0050

Step 1:Ste survey

A site survey checklist was prepared for data collecti@he following particulars were gathered for
each siteduring the site survey

1 The number of buildings surveyed was notedilong with their precise geographical
coordinatesand the names and addresses of the sites.

1 The type of building roof and roofing materials were observed along with building age, and
the structural conditions of the building and roof were observed and recorded

1 The type of roof and slope were observed for buildings with slanted root$he material
composition of the roof and supporting structure, alongside the age of the building/roof,
were assessed to gauge their durability and potential impact imstallation feasibility.

1 The presence of nearby objects capable of casting shadows, such as tneeighbouring
buildings,or any objects on the building roofywasrecorded and considered for conducting
shadow analysis.

1 Accessibility to the roof was examined to ensure practicality for installation purposes while
confirming whether the roof space was unobstructed and suitable for accommodating PV
arrays.

1 The location of the main electrical panel and the currenarrying capacity of the existing
electrical panel were observed, and grid connection points were identified.

9 The optimum locatiors for installinginverters were identified based on the main electrical
panel and PV array location.

91 Grid connection type (single phase or three phase), connected loaand electricity
consumption/demand data were gathered to assess compatibility and systempacity for
grid connectivity

1 The reliability of the electricity supply and the incidence and duration of power outages
were enquired and recordedThe availabilityand capacity of the backup power supply
during power outageswere also recorded.

Step 2: PV arragapacity determination
The capacity othe PV plant fora specific buildingpremises wagstimated based on the following:

(1) Type of building and roof

(2) Dimension and orientation of the building roaf

(3) Shadowfree area suitable for PV array installation

(4) Optimum layout of PV arrays for maximum performance and operational convenience

Step 3: Annual Energy yield estimation

Oncethe PV array layouisfinalised, the appropriate and available make and model of the inverter
are selected from thesoftware databas. Invertersare selected based on PV array layout planning
to minimise mismatch lossDC capacity oversizing to inverter capacity is kept at less than 10%.
Monthly and annual energy generation reports were generated through simulation in the software,
adjusting the loss parameters per the site conditions.

Step 4: Creation of Data Room
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A web-based data room has been created in One Drivegntaining the following information for
each site. Separate folders will be created for each project site.

N o g s wDNRE

Geographical coordinatesind .kmz file for each site

Solar lab simulation report

3-D PVarraylayout

Estimated PV Plant capacity
Estimated annual energy generation
Estimated CQ@ emission reduction
Photos ofbuildingdsites

3.2 CAPACITYASSESSMENT OPROPOSELROOFTOP PWLANTS

The PV array capacity faall siteswas estimatedusing Solar Lab software and site survey dates
shown in Table1Q The estimatedaggregated PV capacityfor all 31 sites i8567 kW.

Table 10: Summary of estimated PV plant capacity of surveyed sites

PV
ii(tf Site name District Coordinates Cgéaalr;ﬁty
(KWp)
‘ S&o Tomé Island
1 | Supremo Tribunal de Justica Agua Grande| 0.339007, 6.736160 107
2 | Dire¢do do Ensino Primario Agua Grande| 0.340270, 6.734672 32
3 | Procurador/Ministério publico Agua Grande| 0.340045, 6.734872 14
4 | Ministério da Defesa Agua Grande| 0.344186, 6.736427 86
5 | Autoridade Geral De Regulaca (AGER| Agua Grande| 0.343074, 6.736117 13
6 | Hospital Dr. Aires de Menezes Agua Grande| 0.356086, 6.722450 211
7 '\A"Ziziftério das Financas e Economia | » - Grande| 0.345539, 6.737110 169
8 | Liceu Nacional Agua Grande| 0.339048, 6.739914| 272
9 | Ministério da Educacéo Agua Grande| 0.340066, 6.735176 23
10 | Tribunal de Contas Agua Grande| 0.340502, 6.735445 34
11 | Liceu Nacional de Santana Cantagalo 0.263781, 6.743511 93
12 | Centro Polivalente de Caué Caué 0.133876, 6.648637| 73
13 ii;‘:&;‘:cundaﬁa de SdoJododos | e 0.133062, 6.648472 24
14 | Posto de Saude Caué 0.133114, 6.648135 53
15 | Mercado de Bobo Foro Mé Zochi 0.324577, 6.705579 937
Scaling of Solar Rooftop in S&o Tomé and Principe 26



PV
Ei;[f Site name District Coordinates cgplazr;ty
(KWp)
16 Ezcr‘é';‘rzsc(‘;;'&ma Maria Manuela | \1c 7ochi | 0.205383, 6.668566 208
17 | Escola Primaria de Trindade Mé Zochi 0.296825, 6.680038 132
18 | Liceu Mé Chinhd Lobata 0.375658, 6.650231] 249
19 | Centro Hospitalar de Lobata Lobata 0.378000, 6.636840 8
20 | Camara Distrital de Lobata Lobata 0.379155, 6.637134 48
21 | Escola Secundaria de Neves Lemba 0.357505, 6.545040 96
22 | Escola Secundaria de Santa Catarina | Lemba 0.270007, 6.472640 75
23 | Posto de Saude de Lemba Lemba 0.357927, 6.553228 48
24 | Camara Distrital de Lemba Lemba 0.358654, 6.544597| 47
25 | Fabrica de Chocolate Lemba 0.389749, 6.629590 121
Total in S&o Tomé 3173
‘ Principe Island ‘
26 gzxz‘f\/iggfgslﬁi lﬁzztze;':; ;pe Principe 1.622401, 7.402924, 33
27 | Escola de Padréo Principe 1.641298, 7.419496] 114
28 Ef}ﬂffp'e”gr;ﬂ‘;”a' deSdoTomeée | o ine 1.641208, 7421017, 70
29 | Casa da Cultura Principe 1.6373007.418969 24
30 | Escola de Santo Antonio Principe 1.634786, 7.416313 78
31 g?;g:a' DR. Manuel Quaresma Dias [ ;) .00 1.645163, 7.421525 75
Total in Principe 394
Grand Total 3567

3.3 PROJECDESIGN ANDPLANT LAYOUT

Solar Lab software was used fproject design, PV array layout planning, and capacity assessment,
with the following considerations:

(1) PV Module selectionA high-efficiency PV module, such as a monocrystalline PRI Con
halfcut module, was selected from the software's datalmasThe module's market
availabilitywasalso consideredduring the selection process.
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(2) Tilt Angle:Solar PV modules receive maximum annual average irradiation when tilted at an
angle equal tothe location's latitude Based on thedcation's latitude anglethe tilt angle
ideally should be close to 0°. Howevethe roof angle has been considered the tilt angle for
PV arrays on slant roofg-or flat roofs and carport installation, a tilt oDifacing south was
considered to ease seltleaning.

(3) Orientation (Azimuth)#or locatiors in the Northern Hemisphere, Solar PV modules should
be placed facing towards the South to receive maximum irradiation. The orientation of
modules has been kept soutifacing or aligned with the building orientation

(4) Shadow Analysis and Intalow spacing:Shadow analysiBas beenconducted for any object
or construction part on the roof or near the building that can potentially cast a shadow on
PV arrays, considering the longest shadow on*Zdecember (sun time 9:30 am and 3:30
pm). Based on this approach, intetow spacing has been considered

(5) Frame sizeA module mounting structure can hold one or many PV module&.group of
modules attached to one such structure is called a Frame. A single module frame size (1 x
1) has been considered to keep the frame size flexible

(6) Provision for maintenance?V arrayshave beenarranged/placed ® that there is adequate
clearance for maintenance personnel to moweéthout stepping on the modules for cleaning
and other maintenance work.

(7) Module SpacingA 25 mm spacing gap will be considered between adjacent modules for
natural airflow and attachment of mietlamps for fixing themodule to stricture.

(8) Edge clearance for slant roofdge clearancéas beenconsideredto minimise wind impact
on the structure

The following pages present a summary of the site survey findings, plant design atial [ayout,
project capacity, estimated energy generation, and estimated greenhouse gas reduction
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SITE 1: SUPREMO TRIBUNAL DE JUSTICA

Building No.

Building No. 1

Building No. 2

District

Agua Grande district

Agua Grande district

Geo. coordinates

0.339346, 6.735500

0.33779 6.733508

No. of buildings

1(three parts attached)

1 (three parts attached)

Type of roof

Slant(15 tilt) (small part is flat)

Slant (15 tilt)

Roof materials

Tiles (wood structure)

Tiles (wood structure)

Roof orientation (Azimuth)

297, 20,110,213, 3C°

167, 347 (Refer design document)

Age of the roof >15 years >15 years (roof is new)
Usable roof area 491m? 715 nt

Physical condition Good Good

Grid connection Load:20 kVA (3phase) Load:25 kVA (3phase)
Peak demand 20 kVA 25 kVA

5 kVA (Office appliances,

Critical load . 5 kVA (Office appliances, internet)
internet)

Estimated energy demand| 49 MWh/year 65 MWh/year

Power outage 50- 60 hours per month 50- 60 hours per month

Backup power No 25 kVA

PV capacity 42 kW, 65 kW,

Estimatedgeneration 55 MWh/year (1 year) 84 MWh/year (1 year)

PV electricity consumed | 35 MWh/year 47 MWh/year

PV electricity fed to grid | 20 MWh/year 37 MWhlyear

CO; emissionreduction

815tons (lifetime)

1253tons (lifetime)

Additional requirement

50 kVA LT panel to be installed

75 kKVA LT panel to be installed

Figure 12: Supremo Tribunal de Justica (Building

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D image of PV Installation (View from South)
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Figure 13: Supremo Tribunal de Justica (Building 3-D PV plant layout (View from South)
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Figure 15: Single line diagram of rooftop PV system for Supremo Tribunal de Justica (Building 2)

The single line diagranfor the buildings ofSupremo Tribunal de Justica (Buildingvti)l be similar
to Figurel5 only the diesel generator will not be present.
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SITE 2: DIRECAODO ENSINO PRIMARIO

District

Agua Grande district

Geo. coordinates

0.340270, 6.734672

No. of buildings 1

Typeof roof Flat

Roof materials Concrete

Rooforientation (Azimuth) | 152 (Refer design document)
Age of the roof >30 years

Usable roof area 352 n?

Physical condition Good

Grid connection L 0 a @20 k¥A (3phase)
Peak demand 20 kVA

Estimated energy demand | 52 MWh/year

Critical load

3 kVA (Office appliances, internet)

Power outage

50- 60 hours per month

Backup power 25 kVA

PV capacity 32 kWp
Estimatedgeneration 42 MWh/year (1st year)
PV electricity consumed 29 MWhlyear

PV electricity fed to grid 13MWhlyear

CO; emissionreduction

622 tons (lifetime)

Additional requirement

40 kVA LT panel to be installed for grid connection

Figure 16: Dire¢&o do Ensino Primério

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 17: Site survey photos of Dire¢do do Ensino Primario
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Figure 18: Single line diagram of rooftop PV system for Dire¢@o do Ensino Primério
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SITE 3: PROCURADORMINISTERIO PUBLICO

District Agua Grande

Geo. coordinates 0.340045, 6.734872

No. of buildings 2 (attached)

Type of roof Slant(15°)

Roof materials Asbestoscement

Rooforientation (Azimuth)

159, 339° (Refer design document)

Age of the roof >15 years
Usable roof area 185 nt

Physical condition Good

Grid connection 15 kVA, 3phase
Peak demand 15 kVA

Estimated energy demand| 39 MWh/year

Critical load

3 kVA (office appliances, internet)

Power outage

50 - 60 hours per month

Backup power Yes (20 kVA)

PV capacity 14 kWp

Estimatedgeneration

19MWhl/year (1st year)

PV electricity consumed | 14 MWh/year

PV electricity fed to grid | 5 MWh/year

CO; emissionreduction 275tons (lifetime)

Additional requirement None

Figure 19: Procurador/Ministério Publico

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 21: Single line diagram of rooftop PV system for Procurador/Ministério Publico
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SITE 4: MINISTERIODA DEFESA

District Agua Grande
Geo.co-ordinates 0.344186, 6.736427
No. of buildings 6

Type of roof

1 buildingd flat
4 buildingsd slant (1% tilt)
1 building- curved (12° curve)

Roof materials

RCC3 1 building
Asbestosd 4 building
Cl sheetd 1 building

Rooforientation (Azimuth)

132, 222 (Refer design document)

Age of the roof >30 years
Usable roof area 1024 nt
Physical condition Not good

Grid connection 25 kVA, 3phase
Peak demand 25 kVA

Estimated energy demand

65 MWhl/year

Critical load

10kVA (office appliances, communication system, internet)

Power outage

50- 60 hours per month

Backup power Yes

PV capacity 86 kW,
Estimatedgeneration 11MWhl/year (1st year)
PV electricity consumed | 49 MWh/year

PV electricity fed to grid 62 MWhlyear

CO, emissionreduction

165ltons (lifetime)

Additional requirement

100 kVA LT panel to be installed for grid connection

Figure 22: Ministério Da Defesa

3-D PV plant layout (View from South)
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Figure 23: Site survey photos of Ministério Da Defesa
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Figure 24: Single line diagram of rooftop PV system for Ministério Da Defesa
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SITE 5:AUTORIDADE GERALDE REGULACA(AGER)

District Agua Grande

Geo. coordinates 0.343106, 6.736071
No. of buildings 1

Type of roof Flat

Roof materials RCC

Rooforientation (Azimuth)

204°, 205 (Refer design document)

Age of the roof 7-8 years
Usable roof area 200 n?

Physical condition Good

Grid connection 15 kVA, 3phase
Peak demand 15 kVA

Estimated energy demand

39 MWhlyear

Critical load

5 kVA (Office appliances, internet)

Power outage

50- 60 hours per month

Backup power 16 kVA
PV capacity 13 kWp
Estimatedgeneration 17MWhlyear (1st year)

PV electricity consumed

12 MWhlyear

PV electricity fed to grid

5 MWh/year

CO, emissionreduction

257 tons(lifetime)

Additional requirement

None

Figure 25: Autoridade Geral De Regulaca (AGER

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 26: Site survey photos of Autoridade Geral De Regulaca (AGER)
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Figure 27: Single line diagram of rooftop PV system for Autoridade Geral De Regulaca (AGER)

Scaling of Solar Rooftop in S&o Tomé and Principe

38



N

+8e, INTERNATIONAL
*® SOLAR
‘s ALLIANCE

SITE 6:HOSPITALDR. AIRES DEMENEZES

District Agua Grande
Geo. coordinates 0.356086, 6.722450
No. of buildings 18

Type of roof

Slant (16 buildings) and flat uilding)

Roof materials

Asbestos (12 buildingg)2 tilt)
Tiles ¢ buildings) (12 tilt)
RCCilat (2 building)

Rooforientation (Azimuth)

199, 193, 18°, 20°, 289,15, 197, 109 (Refer designdocument)

Age of the roof

10 to 40 years

Usable roof area 1898 m
Physical condition Good
Grid connection 300 kVA
Peak demand 300 kVA

Estimated energy demand

1529 MWh/year

Critical load

100 kVA (Critical care equipmengfrigeration, communication)

Power outage

50- 60 hours per month

Backup power

500 kVA, 40 kVA

PV capacity 211kW,
Estimatedgeneration 299 MWhlyear (1st year)
PV electricity consumed | 299 MWh/year

PV electricity fed to grid | 0 MWh/year

CO; emissionreduction 4440 tons (lifetime)
Additional requirement None

Comments

1 Most of the building roofs are madef asbestos and are more
than 20 yearsold.

1 Two RCC buildings with flat roof and two newly constructs
building with asbestos roof are considered for PV syste
installation.

Figure 28: Hospital Dr. Aires De Menezes

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 29: Site survey photos of Hospital Dr. Aires De Menezes
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Figure 30: Single line diagram of rooftop PV system for Hospital Dr. Aires De Menezes
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SITE 7: MINISTERIODAS FINANCAS E ECONOMIA AZUL

District Agua Grandedistrict
Geo.Co-ordinates 0.345784, 6.736942
No. of buildings 1
Type of roof Slant(15 tilt)
Roof materials Asbestos
Rooforientation (Azimuth) | 160, 70°,252, 34%°,162 (Refer design document)
Age of the roof >20 years
Usable roof area 1466 nt
Physical condition Good
Grid connection Load:ae50 kVA (3 phase)
Peak demand 50 kVA
Estimated energy demand| 131 MWh/year
Critical load 10 kVA
Power outage 50- 60 hours per month
Backup power 2 x 50 kVA
PV capacity 169kW,
Estimatedgeneration 218 MWhlyear (1st year)
PV electricity consumed | 97 kWh/year
PV electricity fed to grid | 121 kWh/year
CO; emissionreduction 3238tons (lifetime)
Additional requirement 200 kVA LT panel to be installed fgrid connection
1 The main building roofs are made adéisbestos and are more
Comments than 20 yearsold.
9 Carport PV can be installed on theouth and north sides of the
building.

Figure 31: Ministério Das Finangas E Economia
Azul

3-D PV plant layout (View from South)
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Figure 33: Single line diagram of rooftop PV system for Ministério Das Finangas E Economia Azul
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SITE 8:LICEUNACIONAL

District

Agua Grande

Geo.Co-ordinates

0.339048, 6.739914

No. of buildings

Three buildings connected t@ach other

Type of roof

Flat

Roofmaterials

RCC

Rooforientation (Azimuth)

183°, 182 (Refer design document)

Age of the roof

About 15 years

Usable roof area 2918 mt
Physical condition Good

Grid connection 25 kVA, 3phase
Peak demand 25 kVA
Estimated energy demand| 523 MWh/year

Critical load

3 kVA (Computers, printers)

Power outage

50- 60 hours per month

Backup power

Yes (40 kVA)

PV capacity 272 kW,
Estimatedgeneration 358 MWh/year (1st year)
PV electricity consumed | 46 MWh/year

PV electricity fed tagrid

312 MWhlyear

CO, emissionreduction

5315tons (lifetime)

Additional requirement

340kVA LT panel to be installed for grid connection

Comments

1 The buildings have the flaRCC roofs.
9 Grid-connection to be upgraded to install full P\¢apacity

Figure 34: Liceu Nacional

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 35: Site survey photos of Liceu Nacional

Digtribution ‘ ScI:{_ DC Combiner Box PV Array
Metwark ERamation PV module =500 W)
Meter (KWh) . l: : Siring 1
Grid o ) W MEPT 1
Connection |__
Board = Saning 2
St -9 L9 it
] ]5. P, &4 MPET 2
.
| verter O R K S
. ™) | |
.: O 1 - S.gnngd-
| i | DG Set; ! O il I MPPT 4
g T | 40 kA, E |
. Consumer i
Cnrnumgf Service f Meter (kWh)
Connection Meter | MECH LEGENDS
Switch T Lo T PO—— E i
e i : S S SOU— Power Contral and E PV module
| Consumer Manitoring
étliﬁrihutim Board | e System (PCMS) o lsolator
\¢ \d ﬁ 'ﬂl Surge protection device
ot "ﬂ Circunt breaker
ote:
* ' * The capacity and number of _%  Residual current dewice
To Bxasting Load reerter w'lm?&d ‘E" EEE PV «  Electrical junction
array capac ¢ building .
& String connector

Figure 36: Single line diagram of rooftop PV system for Liceu Nacional
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SITE 9:MINISTERIO DA EDUCACAO

District Agua Grande

Geo. coordinates 0.340066, 6.735176
No. of buildings 1

Type of roof Flat

Roof materials RCC

Rooforientation (Azimuth)

166 (Refer designdocument)

Age of the roof >15 years
Usable roof area 247 P

Physical condition Good

Grid connection 25 kVA, 3phase
Peak demand 25 kVA

Estimated energy demand

65 MWhlyear

Critical load

3 kVA (office appliances, internet)

Power outage

50- 60 hours per month

Backup power 40 kVA

PV capacity 23 kW,
Estimatedgeneration 30 MWh/year (1st year)
PV electricity consumed | 21 MWh/year

PV electricity fed to grid | 9 MWh/year

CO, emissionreduction

445 tons (lifetime)

Additional requirement

None

Comments

Ballast type mounting structure is recommended.

.
§ B

o)
S
v"

Figure 37: Ministério Da Educacgédo

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)



Figure 38: Site survey photos of Ministério Da Educacéo
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Figure 39: Single line diagram of rooftop PV system for Ministério Da Educacao
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SITE 10: TRIBUNAL DECONTAS

District Agua Grande

Geo. coordinates 0.340502, 6.735445
No. of buildings 1

Type of roof Flat

Roof materials RCC

Rooforientation (Azimuth)

198 (Refer design document)

Age of the roof

6 years (2018)

Usable roof area 500 n?
Physical condition Good

Grid connection 50 kVA
Peak demand 50 kVA

Estimated energy demand

131 MWhlyear

Critical load

10 kVA (Office appliances, internet)

Power outage

50- 60 hours per month

Backup power 100 kVA

PV capacity 34 kW,

BESS capacity 100 kWh
Estimatedgeneration 44 MWhlyear (1st year)

PV electricity consumed

44 MWh/year

PV electricity fed to grid | 0 MWh/year
CO; emissionreduction 656 tons (lifetime)
Additional requirement None

Comments

Extended columns on the roof are to be considered to avoid
shadow.
Ballast mounting system is recommended.

Figure 40: Tribunal De Contas

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 41: Site survey photos of Tribunal De Contas (with the existing PVsystem on the site)
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Figure 42: Single line diagram of rooftop PV system for Tribunal De Contas
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SITE 11: LICEUNACIONAL DE SANTANA

District Cantagalo

Geo. coordinates 0.263781, 6.743511
No. of buildings 1 (Lshaped)

Type of roof Flat

Roof materials RCC
Rooforientation (Azimuth) | 130, 129 (Refer design document)
Age of the roof 35 years

Usable roof area 903 n¥

Physical condition Poor

Grid connection 25 kVA

Peak demand 25 kVA

Estimated energy demand

52 MWhlyear

Critical load

3 kVA (Computers, printers)

Power outage

50- 60 hours per month

Backup power No
PV capacity 93 kW,
Estimatedgeneration 11™MWhlyear (1st year)

PV electricity consumed

46 MWh/year

PV electricity fed to grid

71 MWhlyear

CO; emissionreduction

1739tons (lifetime)

Additional requirement

110 kVA LT panel to be installed for grid connection

Comments

1 Roof penetration to be avoided
1 Ballast mounting system is recommended.

Figure 43: Liceu Nacional De Santana

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 44: Site survey photos of Liceu Nacional De Santana
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Figure 45: Single line diagram of rooftop PV system for Liceu Nacional De Santana

Scaling of Solar Rooftop in S&o Tomé and Principe
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SITE 12: CENTRCPOLIVALENTEDE CAUE

District Cauédistrict

Geo. ceordinates 0.133876, 6.648637

No. of buildings 3
Building 1: Tiles

Roofmaterials Building 2: Lysaght trapezoidal sheets
Building 3: RCC

Rooforientation (Azimuth)

360°, 87°,267°, 178,17 7° (Refer design document)

Age of the roof

Building 1: >20 years
Building 2: about 10 years
Building 3:>15 years

Usable roof area

746 n?

Physical condition

The roof of building 1 is old. Notecommended for installation

Grid connection

Building 1: 3 kVA, 3 phase
Building 2: 3 kVA, 3 phase
Building 3: 25 kVA, 3 phase

Peak demand

Building 1: 3 kVA, building 23 kVA, Building 3: 25 kVA

Estimated energy demand

81 MWhlyear

Critical load Building 3: 5 kVA (Computers, printers)
Backup power None
PV capacity 73 kW,

Estimated generation

104 MWhlyear (1st year)

PV electricity consumed

58 MWhlyear

PV electricity fed to grid

46 MWh/year

CO, emissionreduction

1543tons (lifetime)

Additional requirement

100 kVA LT panel to be installed for grid connection

Comments

Building 1: OId building with tileoof considered not suitable for
PVinstallation

L | SN

Figure 46: Centro Polivalente De Caué 3-D PV plant layout (View from South)
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Figure 48: Single line diagram of rooftop PV system for Centro Polivalente De Caué
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SITE 13: ESCOLASECUNDARIADE SAO JOAO DOSANGOLARES

District Caué

Geo. coordinates 0.133062, 6.648472

No. of buildings 1

Type of roof Sant (20°)

Roof materials Tiles

Rooforientation (Azimuth) | 175°, 355° (Refer design document)
Age of the roof Built in 1962

Usable roof area 314 nt

Physical condition

Condition of tiles are not good condition of the structure is good

Grid connection

5 kVA, three phase

Peak demand

5 kVA

Estimated energy demand

10 MWh/year

Critical load

1 kVA (Computers, printers)

Power outage

50- 60 hours per month

Backup power No

PV capacity 24 kW,
Estimatedgeneration 31MWhlyear (1st year)
PV electricity consumed | 9 MWh/year

PV electricity fed to grid

22 MWhlyear

CO, emissionreduction

455 tons (lifetime)

Additional requirement

30 kVA LT panel to be installed for grid connection

Comments

Some tiles may be required to be replaced for PV installation.

Figure 49: Escola Secundaria De S&o Jodo Dos
Angolares

Scaling of Solar Rooftop in S&o Tomé and Principe

" .‘ »

3-D PV plant layout (View from South)
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Figure 50: Site survey photo of Escola Secundaria De S&o Jodo Dos Angolares
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Figure 51: Single line diagram of rooftop PV system for Escola Secundaria De S&o Jodo Dos Angolares
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SITE 14:POSTODE SAUDE

District Cau®b5

Geo. coordinates 0.133114, 6.648135

No. of buildings 3

Type of roof slant(14)

Roof materials Metal (Lysaght trapezoidadheets)

Rooforientation (Azimuth) | 178, 359, 269 (Refer design document)

Age of the roof >30 years
Usable roof area 516 nt
Physical condition Not Good
Grid connection 15 kVA
Peak demand 15 kVA

Estimated energy demand| 76 MWh/year

Critical load 3 kVA (Critical care equipment, refrigeration, lights)
Power outage 50- 60 hours per month

Backup power 20 kVA

PV capacity 53 kW,

Estimatedgeneration 74 MWh/year (1 year)

PV electricity consumed | 45 MWh/year

PV electricity fed to grid | 29 MWh/year

CO; emissionreduction 1097tons (lifetime)

Additional requirement 65 kVA LT panel to be installed for grid connection

Figure 52: Posto De Saude

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 53: Site survey photo of Posto De Saude
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Figure 54: Single line diagram of rooftop PV system Posto De Saude
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SITE 15: MERCADO DEBOBO FORO

District Mé Zochi
Geo.Co-ordinates 0.324577, 6.705579
No. of buildings 8

Type of roof Slant (10)

Roof materials

Lysaght trapezoidal sheets

Rooforientation (Azimuth)

118, 112,292 (Refer design document)

Age of the roof 6-7 years
Usable roof area 10252
Physical condition Good
Grid connection 100 kVA
Peak demand 100 kVA

Estimated energydemand

375 MWhlyear

Critical load

10 kVA (water pump, refrigeration)

Power outage

50- 60 hours per month

Backup power No
PV capacity 937 kW,
Estimatedgeneration 1318ViWh/year (1st year)

PV electricity consumed

310 MWh/year

PV electricity fed to grid

1008 MWh/year

CO; emissionreduction

1954 7metric tons

Additional requirement

Power can be evacuated at 6 kV nearest substation using a 1 MVA, 0.4/6
transformer and LT panel with switchyard at site and drawing transmissio
line to the substation

Comments

9 The roof of the East sidenain building is affected byshadows from trees
which canbe trimmed.

Figure 55: Mercado De Bobo Foro

I Complete PV capacity cannot be connected to grid at site

3-D PV plant layout (View from South)
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Figure 57: Single line diagram of rooftop PV system for Mercado De Bobo Foro
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SITE 16: ESCOLASECUNDARIAMARIA MANUELA MARGARIDO (MMM)

District

Mé Zochidistrict

Geo. coordinates

0.295383, 6.668566

No. of buildings

3 buildings

Type of roof

Slant(7°)

Roof materials

Lysaght trapezoidasheets(Metal)

Rooforientation (Azimuth)

185, 5°, 184, 4° (Refer design document)

Age of the roof 12 years

Usable roof area 2044 m?

Physical condition Good

Grid connection Load: 150 kVA (®hase)
Peak demand 150 kVA

Estimatedenergy demand

314 MWhlyear

Critical load

5 kVA (Computers, printers, internet)

Power outage

50- 60 hours per month

Backup power

DG set: 150 kVA

PV capacity 208 kW,
Estimatedgeneration 270 MWhl/year (1st year)
PV electricity consumed 184MWhl/year

PV electricity fed to grid

86 MWh/year

CO, emissionreduction

4005tons (lifetime)

Additional requirement

250 kVA LT panel to be installed for grid connection

Figure 58: Escola SecundaridMaria
Manuela Margarido

3-D PV plant layout (View from South)
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Figure 60: Single line diagram of rooftop PV system for Escola Secundaria Maria Manuela Margarido
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SITE 17: ESCOLARIMARIA DE TRINDADE

District

Mé Zochi

Geo. coordinates

0.296825, 6.680038

No. of buildings

2 major buildings, 2 smallebuildings

Type of roof

Slant(15)

Roof materials

Tiles and metal

Rooforientation (Azimuth)

12,193, 192, 282, 99°, 280° (Refer design document)

Age of the roof >15 years
Usable roof area 1215m?
Physical condition Good
Grid connection 25 kVA
Peak demand 25kVA

Estimated energy demand

52 MWhlyear

Critical load

3 kVA (Computers, printers)

Power outage

50- 60 hours per month

Backup power No

PV capacity 132kW,
Estimatedgeneration 172MWh/year (1st year)
PV electricity consumed | 46 MWh/year

PV electricity fed to grid

126 MWhl/year

CO, emissionreduction

2558 tons(lifetime)

Additional requirement

150 kVA LT panel to be installed for grid connection

Figure 61: Escola PriméariaDe Trindade

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 62: Site survey photos of Escola Primaria De Trindade
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Figure 63: Single line diagram of rooftop PV system for Escola PriméariaDe Trindade
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SITE 18: LICEUME CHINHO (SCHOOL)

District Lobata

Geo. coordinates 0.375658, 6.650231
No. of buildings 3

Type of roof Slant(10)

Roof materials Metal

Rooforientation (Azimuth)

252°, 72° 16, 341 (Refer desigrdocument)

Age of the roof 4-5 years

Usable roof area 2094 m?

Physical condition Good

Grid connection Load: 150 kVA (phase)
Peak demand 150 kVA

Estimated energy demand

314 MWhlyear

Critical load

10 kVA (Computers, printerfiternet)

Power outage

50- 60 hours per month

Backup power

DG set: 150 kVA

PV capacity

249 kW,

Estimatedgeneration

321MWhlyear (1'year)

PV electricity consumed

216 MWhl/year

PV electricity fed to grid

105 MWhlyear

CO, emissionreduction

4763tons (lifetime)

Additional requirement

300 kVA LT panel to be installed for grid connection

Figure 64: Liceu Mé Chinhd (School)

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 66: Single line diagram of rooftop PV system for Liceu Mé Chinhé

Scaling of Solar Rooftop in S&o Tomé and Principe

64




+8e, INTERNATIONAL
*® SOLAR
‘s ALLIANCE

SITE 19: CENTRCHOSPITALARDE LOBATA

District Lobata

Geo. coordinates 0.378000, 6.636840

No. of buildings One building in four differentpart

Type of roof Three parts slanf10)/ one smallpart flat
Roof materials Three major partsd Asbestosflat part RCC

Rooforientation (Azimuth) | 16° (Refer desigrdocument)

Age of the roof >40 years

Usable roof area 77m?

Physical condition Asbestos roofs are not in gooaondition
Grid connection 10 kVA

Peak demand 10 kVA

Estimated energy demand | 51 MWh/year

Critical load 5 kVA (Critical carequipment, refrigerators)
Power outage 50- 60 hours per month

Backup power 15 kVA

PV capacity 8 kW,

Estimatedgeneration 11IMWh/year (1st year)

PV electricity consumed 11 MWhlyear

PV electricity fed to grid 0 MWh/year

CO; emissionreduction 162tons (lifetime)

Additional requirement None

1 The building roofs are madef asbestos and old. It is not
considered suitable for installation of PV modules.
91 The flat roof of the front building can be used tinstal limited

Comments

number of PV modules.

Figure 67: Centro Hospitalar De Lobata 3-D PV plant layout (View from South)
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Figure 68

. Site survey photos of Centro Hospitalar De Lobata
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Figure 69: Single line diagram of rooftop PV system for Centro Hospitalar De Lobata
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SITE 20: CAMARADISTRITALDE LOBATA

District Lobata
Geo. coordinates 0.379155, 6.637134
No. of buildings 3 buildings

Type of roof

Slant(1% and 20°)

Roof materials

Building 1: Lysaght trapezoidaheets(20° tilt)
Building 2: Asbesto¢l 5 tilt)
Building 3: Tileg15° tilt)

Roof orientation (Azimuth)

352°, 170° 176, 358°,167, 350° (Refer design document)

Age of theroof

Building 1: 145 years
Building 2: > 15 years
Building 3: < 10 years

Usable roof area

466 m?

Physical condition

Good

Grid connection

Building 1: 3 kVA, three phase
Building 2: 3 kVA, three phase
Building 3: 5 kVA, three phase

Peakdemand

Building 1: 3 kVA, building 2: 3 kVA, building 3: 5 kVA

Estimated energy demand

29 MWhlyear

Critical load

Building 1: 1 kVA (Office appliances, internet)

Power outage

50- 60 hours per month

Backup power 40 kVA
PV capacity 48 kW,
Estimatedgeneration 62 MWh/year (1 year)

PV electricity consumed

22 MWhlyear

PV electricity fed to grid

40 MWh/year

CO; emissionreduction

922 tons (lifetime)

Additional requirement

60 KVA LT panel to be installed for grid connection

Comments

9 One building is not suitable for installation of PV system.

1 PV systems can be installed on the district office and in the
market building.

9 Diesel generator is in the market complex and power is supplig
to office buildings during powerutages.

Figure 70: Camara Distrital De Lobata

3-D PV plant layout (View from South)
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Figure 72: Single line diagram of rooftop PV system for Camara Distrital De Lobata
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SITE 21: ESCOLASECUNDARIADE NEVES

District Lemba
Geo. coordinates 0.357505, 6.545040
No. of buildings 4

Type of roof

3 slant(15), 1flat

Roof materials

Asbestos, Metal and RCC

Rooforientation (Azimuth)

234°,53°,233°, 52°,232° (Refer design document)

Age of the roof

27 years

Usable roof area

1008m?

Physical condition

Yes (Roof of the RCC buildirig damaged)
One asbestos roof broken

Grid connection

10 kVA

Peak demand

10 kVA

Estimated energy demand

21 MWhlyear

Critical load

1 kVA (Computers)

Power outage

50- 60 hours per month

Backup power No
PV capacity 96 kW,
Estimatedgeneration 133MWh/year (% year)

PV electricity consumed

18 MWh/year

PV electricity fed to grid

115 MWhlyear

CO, emissionreduction

1968tons (lifetime)

Additional requirement

120 kVA LT panel to be installed for gra@bnnection

Figure 73: Escola Secundaria De
Neves

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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SITE 22: ESCOLASECUNDARIADE SANTA CATARINA

District Lemba
Geo. coordinates 0.270007, 6.472640
No. of buildings 4

Type of roof

Building 1slant(15), building 2:flat, building 3: slant
(1%), Building 4: slan{15)

Roof materials

Building 1: Asbestgbuilding 2: RCC, building 3etal, Building 4:
Lysaght

Rooforientation (Azimuth)

23P,5r 319, 137,53° 141,144 (Referdesign document)

Age of the roof >20 years
Usable roof area 378 m?
Physical condition Good
Grid connection 10 kVA

Peak demand

10 kVA (Computers)

Estimated energy demand

21 MWhlyear

Power outage

50- 60 hours per month

Critical load 1 kVA

Backup power No

PV capacity 75 kW,
Estimatedgeneration 106MWhl/year (1st year)

PV electricity consumed

18 MWhlyear

PV electricity fed to grid

88 MWh/year

CO, emissionreduction

1567tons (lifetime)

Additional requirement

90 kVA LTpanel to be installed for grid connection

Figure 76: Escola Secundéria De Santa
Catarina

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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SITE 23:POSTODE SAUDEDE LEMBA

District Lemba
Geo. coordinates 0.357927, 6.553228
No. of buildings 9

Type of roof

2 buildings with flat roof
7 building with slant roof

Roof materials

Flat buildings: RCC
Slant buildings: Asbestos anahetal

Rooforientation (Azimuth)

188° (Refer design document)

Age of the roof

>30 years

Usable roof area

391m?

Physical condition

Asbestos roof condition is not goodRCC roofs are suitable.

Grid connection

20 kVA

Peak demand

20 kVA

Estimated energy demand

102 MWhlyear

Critical load

7 kVA (Critical care equipmentefrigerators)

Power outage

50- 60 hours per month

Backup power No
PV capacity 48 kW
Estimatedgeneration 70 MWh/year (1 year)

PV electricity consumed

57 MWhlyear

PV electricity fed to grid

13 MWhlyear

CO, emissionreduction

1036tons (lifetime)

Additional requirement

60 kVA LT panel to be installed for grid connection

Comments

9 Buildings with asbestos roof are not considered for PV syste
installation.

1 Two RCC buildings with flat roof areonsidered for PV system
installation.

Figure 79: Posto De Saude De Lemba

3-D PV plant layout (View from South)
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Figure 80: Site survey photos of Posto De Saude De Lemba
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Figure 81: Single line diagram of rooftop PV system for_Posto De Saude De Lemba
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SITE 24: CAMARADISTRITAL DE LEMBA

Building No. Building No. 1 Building No. 2
District Lembé Lembéa

Geo. coordinates 0.358654, 6.544597 0.358654, 6.544597
No. of buildings 1 1

Type of roof Slant(2(°) Slant(12)

Roof materials

Tiles & asbestos

Metal (Lysaght sheets)

Roof orientation (Azimuth)
(Refer design document)

138, 226°, 317, 45°

178°, 358, 356€°, 179, 360°

Age of the roof 40 years 5-6 years
Usable roof area 210m? 247 m?
Physical condition Fine Good

Grid connection

3 kVA, three phase

5 kVA, three phasédfreezer load)

Peak demand

3 kVA

5 kVA

Estimated energy demand

8 MWhl/year

13 MWh/year

Critical load

1 kVA (office appliances)

5 kVA (Refrigeration)

Power outage

50- 60 hours per month

50- 60 hours per month

Backup power No No

PV capacity 22 kW, 25 kW,
Estimatedgeneration 30 MWh/year (1st year) 36 MWh/year (1st year)
PV electricity consumed 6 MWh/year 10 MWhlyear

PV electricity fed to grid

24 MWhlyear

26 MWh/year

CO, emissionreduction

448 tons (lifetime)

527 tons (lifetime)

Additional requirement

30 kVA LT panel to be installed for grid connection in bobuilding

Figure 82: Camara Distrital De Lemba (Building

No.1)

10.360389, 6.54762

3-D PV plant layout (View from South)

Figure 83: Camara Distrital De Lemba (Building
No.2)

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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SITE 25: FABRICADE CHOCOLATE

District Lemba

Geo. coordinates 0.389749, 6.629590
No. of buildings 2

Type of roof Slant(15)

Roofmaterials

Metal (Lysaght trapezoidadheets)

Roof orientation (Azimuth)

82°,262°,287°, 106,285, 96’ (Refer design document)

Age of the roof 2-3 years

Usable roof area 1385m?

Physical condition Good

Grid connection 50 kVA, threephase
Peak demand 50 kVA

Estimated energy demand

131 MWhlyear

Critical load

15 kVA (Process equipment, refrigeration)

Power outage

50- 60 hours per month

Backup power

3 x 20 kVA1 x 25 kVA

PV capacity 121kW,
Estimatedgeneration 17IMWh/year (1 year)
BESS capacity 150 kWh

PV electricity consumed

149 MWhlyear

PV electricity fed to grid

22 MWhlyear

CO2emissionreduction

2535tons (lifetime)

Additional requirement

150 kVA LT panel to bastalled for grid connection

Figure 87: Fabrica De Chocolate

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)
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Figure 88: Site survey photos of Fabrica De Chocolate
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Figure 89: Single line diagram of rooftop PV system for_Fabrica De Chocolate
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SITE 26: DIRECAOREGIONAL DE AMBIENTE E COSERVACAO DA NATUREZA PRINCIPE

District

Regido Autonoma do Principe (RAP)

Geo. coordinates

1.622401, 7.402924

No. of buildings 1
Type of roof Slant (15)
Roof materials Tiles

Rooforientation (Azimuth)

127 (Refer design document)

Age of the roof 6-7 years

Usable roof area 246 m?

Physical condition Not Good

Grid connection 5 kVA, threephase
Peak demand 5 kVA

Estimated energy demand

13 MWh/year

Critical load

1 kVA (Office appliances, internet)

Power outage

18006 200 hours per month (midnight to morning)

Backup power

No (Daily power cut for 6-8 hours, weekend no powet-2 days

PV capacity

33 kW,

Estimatedgeneration

48 MWhlyear (1st year)

PV electricity consumed

10 MWh/year

PV electricity fed to grid

38 MWh/year

CO, emissionreduction

708tons (lifetime)

Additional requirement

40 kVA LT panel to bénstalled for grid connection

Comments

Car portinstallation is suggested.

‘1 622401, 7.402924

Figure 90: Direcdo Regional De Ambiente E
Conservacao da Natureza Principe

3-D PV plant layout (View from South)
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SITE 27: ESCOLA DIPADRAO

District

Regido Autonoma do Principe (RAP)

Geo. coordinates

1.641298, 7.419496

No. of buildings

2

Type of roof

New Building: slan{15)
Old building: RCC flat

Roof materials

New Building.Lysaghttrapezoidal sheets
Old building: RCC

Rooforientation (Azimuth)

34°, 214,190 (Refer design document)

Age of the roof

New Building: 3 years
Old building: 30 years

Usable roof area 873m?

Physical condition Good

Grid connection 10 kVA, three phase
Peak demand 10 kVA

Estimated energy demand

21 MWhlyear

Critical load

1 kVA (computers)

Power outage

1800 200 hours per month (midnight to morning)

Backup power

No

PV capacity

114K\W,

Estimatedgeneration

164MWhl/year (1st year)

PV electricity consumed

19 MWhlyear

PV electricity fed to grid

145 MWhlyear

CO2emissionreduction

2436tons (lifetime)

Additional requirement

140 kVA LT panel to be installed for grnnection

Figure 93: Escola De Padréo

QO IR 96

3-D PV plant layout (View from South)

Scaling of Solar Rooftop in S&o Tomé and Principe
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Figure 94: Site survey photos of Escola De Padréo
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SITE 28: BANCOINTERNACIONAL DE SAO TOME EPRINCIPE(BISTP)

District

Regido Auténoma do PrincipeRAB

Geo. coordinates

1.641280, 7.421113

No. of buildings

1

Type of roof

Slant(20°)

Roof materials

Metal (Lysaght trapezoidadheets)

Rooforientation (Azimuth)

315,135, 223°, 134°, 48°, 316 (Refer design document)

Age of the roof 9 years

Usable roof area 731m?

Physical condition Good

Grid connection 100 kVAthree phase
Peak demand 100 kVA

Estimated energy demand

262 MWhlyear

Critical load

25 kVA (Office appliances, internet, lights)

Power outage

1800 200 hours per month (midnight to morning)

Backup power

2 x 150 kVA

PV capacity 70 kW,
Estimatedgeneration 98 MWh/year (1 year)
BESS capacity 300 kWh

PV electricity consumed | 98 MWh/year

PV electricity fed to grid | 0 MWh/year

CO; emissionreduction 1461 tonglifetime)
Additional requirement None

Comments

Skylights area is present which is to be avoided for installation o
PV modules.

Figure 96: Banco Internacional De Sdo Tomé E
Principe (Bistp)

Scaling of Solar Rooftop in S&o Tomé and Principe
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Figure 97: Site survey photos of Banco Internacional De S&o Tomé E Principe (Bistp)
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SITE 29: CASADA CULTURA

District

Regido Autonoma do Principe (RAP

Geo. coordinates

1.637300, 7.418969

No. of buildings 1
Type of roof Slant (20°)
Roof materials Tiles

Rooforientation (Azimuth)

217,312,130, 32° (Refer design document)

Age of the roof 14 years

Usable roof area 225m?

Physical condition Good

Grid connection 10 kVA, three phase
Peak demand 10 kVA

Estimated energy demand

26 MWhlyear

Critical load

1 kVA (Computers, lights)

Power outage

1800 200 hours per month(midnight to morning)

Backup power

Yes (Not functioning)

PV capacity

24 KW,

Estimatedgeneration

31MWhl/year (1'year)

PV electricity consumed

18 MWhlyear

PV electricity fed to grid

13 MWhlyear

CO, emissionreduction

461tons (lifetime)

Additional requirement

30 kVA LT panel to be installed for grid connection

Comments

Growing coconut trees may cast shadow on the lower part of the
roof.

J1637300, 7.418969

Figure 99: Casa Da Cultura

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (View from South)

85




r

Distribution Salar

DE Combiner Box

Distribution Board

System (PCMS)

BE

To Exasting Load

Mote:
- The capacity of inverter will depend on
the PV amray capacity of the building

) PV Array
Netwark ; 3;1‘-"?::::] PV module > 500 W)
1 T
i Siring 1
Grid 5 s Goa g d o0,
Connection 1
Board i = Sring 2
Lf”—r‘ : i o S Goa G4 i
| ST
| | Inverter o e B N
L)

......... <] 111 P —
DG Set | . g MPET 4

AIBE

. Consumer e

Consumer Service
: M
Connection Meter MCER eter (KWh) LEGEMDS:
Switch | YMEBL
werred 1 1  Rseessiiittitbids W contml and E w deIJlE'
Consumer Meonitaring

= lsolatar
ﬂ. Surge protection device
‘ﬁ Circuit breaker

_%_ Ressdual current device
&  Electrical junction
#  String connector

‘ Figure 101: Single line diagram of rooftop PV system for_Casa Da Cultura

\\

Scaling of Solar Rooftop in S&o Tomé and Principe

86



N

+8%re, INTERNATIONAL
*® SOLAR

‘s ALLIANCE

3

SITE 30: ESCOLA DE SANTO ANTONIO

District

Regido Auténoma do Principe (RAP

Geo. coordinates

1.634786, 7.416313

No. of buildings

4

Type of roof

3 major building: slan{15)
1 small building:flat

Roof materials

Two buildings: Asbestos
One building Lysaght
One building: RCC

Rooforientation (Azimuth)

200°,20°,197, 18, 14,193° (Refer design document)

Age of the roof >15 years
Usable roof area 780 m?

Physical condition Good

Grid connection 10 kVA, 3 phase
Peak demand 10 kVA

Estimatedenergy demand

21 MWhlyear

Critical load

1 kVA (Computers)

Power outage

1800 200 hours per month (midnight to morning)

Backup power

None

PV capacity

78 KW,

Estimatedgeneration

110 MWhlyear {ilyear)

PV electricity consumed

19 MWhlyear

PV electricity fed to grid

91 MWhlyear

CO; emissionreduction

1632 tons (lifetime)

Additional requirement

100 kVA LT panel to be installed for grid connection

Comments

One small PV system installed in ofwiilding which is not
functioning.

Figure 102: Escola De Santo Antonio

3-D PV plant layout (View from South)

Scaling of Solar Rooftop in S&o Tomé and Principe
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Figure 103: Site survey photos of Escola De Santo Antonio
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Figure 104: Single line diagram of rooftop PV system for Escola De Santo Antonio
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SITE 31: HOSPITAL DRMANUEL QUARESMA DIAS DA GRACA

District

Regido Auténoma do Principe (RAP

Geo. coordinates

1.645163, 7.421525

No. of buildings

2 attached buildings

Type ofroof

Slant(4°)

Roof materials

Asbestos and metal (Lysaght)

Rooforientation (Azimuth)

246°, 64° (Refer design document)

Age of the roof

>20 years (Asbestos roof)
>10 years (Metal roof)

Usable roof area 531m?

Physical condition Good

Grid connection 25 kVA, three phase
Peak demand 25 kVA

Estimated energy demand

127 MWhlyear

Critical load

15 kVA (Critical care equipment, refrigerators, lights)

Power outage

1800 200 hours per month (midnight to morning)

Backup power

40 kVA diesel generator

PV capacity 75 kW,
Estimatedgeneration 99 MWhl/year (1'year)
BESS capacity 150 kWh

PV electricity consumed | 99 MWh/year

PV electricity fed to grid 0 MWhlyear

CO; emissionreduction

1474 tons (lifetime)

Additional requirement

100 kVA LT panel to be installed for grid connection

Comments

PV system integrated with BESS is recommended

Figure 105: Hospital Dr. Manuel Quaresma
Dias da Graca

Scaling of Solar Rooftop in S&o Tomé and Principe

3-D PV plant layout (Viewfrom South)
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Figure 106: Site survey photos of Hospital Dr. Manuel Quaresma Dias da Graga
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Figure 107: Single line diagram of rooftop PV system for Hospital Dr. Manuel Quaresma Dias da Graca
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Table 11: Summary of PV plant capacity, energy yield and GHG reduction of all sites

Estimated GHG
Site . PV plgnt Eneray emlss!on
No. Site name capacity SRR redgctlon
(KWp) (MWh/year) metric tons
(25 yearg
‘ Sad Tome Island
1 | Supremo Tribunal de Justica 107 139 2068
2 Dire¢é@o do Ensino Primario 32 42 622
3 Procurador/ Ministério publico 14 19 275
4 | Ministério da Defesa 86 111 1652
5 | Autoridade Geral De Regulaca (AGE 13 17 257
6 Hospital Dr. Aires de Menezes 211 299 4440
7 X;Eilstério das Financas e Econom 169 518 3238
8 Liceu Nacional 272 358 5315
9 Ministério da Educacéo 23 30 445
10 | Tribunal de Contas 34 44 656
11 | Liceu Nacional de Santana 93 117 1739
12 | Centro Polivalente de Caué 73 104 1543
13 iz;c;llzresscundaria de Sé&o Joéo d 24 31 455
14 | Posto de Saude 53 74 1097
15 | Mercado de Bobo Foro 937 1318 19547
16 II\E/Isac;ZI:ridie((l;Lljl\r/lI('jwa;rla Maria Manue 208 270 4005
17 | EscolaPrimaria de Trindade 132 172 2558
18 | Liceu Mé Chinhé 249 321 4763
19 | Centro Hospitalar de Lobata 8 11 162
20 | Camara Distrital de Lobata 48 62 922
21 | Escola Secundéria de Neves 96 133 1968
22 | Escola Secundéria de Santa Catarin 75 106 1567
23 | Posto de Saude de Lemba 48 70 1036
24 | Camara Distrital de Lemba 47 66 975
25 | Fabrica de Chocolate 121 171 2535

Scaling of Solar Rooftop in S&o Tomé and Principe
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Estimated GHG
: PV plant emission
Site . . Energy .
Site name capacity ; reduction
No. generation .
(kW) (MWhiyear) metric tons
y (25 years
Totalfor Saé Tomé Island 3173 4303 63840
‘ Principe Island ‘
26 Direcao R~eg|onal de Ambrlen.te { 33 48 208
Conservacao da Natureza Principe
27 | Escola de Padréao 114 164 2436
Banco Internacional de Sdo Tomé
2 . 7 1461
8 Principe (BISTP) 0 %8 6
29 | Casa da Cultura 24 31 461
30 | Escola de Santo Antonio 78 110 1632
31 Hospital DR. Manuel Quaresma Dig 75 99 1474
Da Graca
Totalfor Principe 394 550 8172
Total for Saé Tomé and Principe 3567 4853 72012

3.4 AGGREGATED PPOWERPLANT CAPACITY

The PV plant capacity was determined for each site after the plant layout design based on available
shadowfree areas suitable fomnstalling PV arrays. PV plant capacity for each site is preserited
Table 11 The aggregated PV capacity that can be installed in 31 surveyed sites is 3567 witfp
3173k Wp in Total for Sad Tomé Island and 394 k\ipPrincipe IslandHowever,not all sites are
readily suitable for installing full PV capacity due to the limitation of the present grid connection
infrastructure. Based on the available grid connection infrastructurg§5 kWp PV capacity can be
installed withoutupgrading the grid connection facility at the site. Sispecific recommendations

are made in sectiorB.3 above.

3.5 ENERGYGENERATIONESTIMATION

Energy generationestimation for each site has been simulated separate$ing Solar Labsoftware
Separate repors for each sitehave beengenerated and uploadedto the data room created in
OneDrive. The estimated energy generation for each site is presented in Table 13. The total energy
generation of all 31 sites is estimated to be 4853 MWh per year (first year). Energy generation from
PV power plants will degradewhich is considered to be 0.5% per year.

3.6 GREENHOUSKAS EMISSIONREDUCTION

The fourth Inventory ofGreenhouse Gas Emissions and Removals (IGEE) for Sdo Tomé and Principe
is compiled using the methodology outlined in the Intergovernmental Panel on Climate Change

Scaling of Solar Rooftop in S&o Tomé and Principe 92
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(IPCC) guidelines from 2006, in contrast to previous inventories which were based on the IPCC 1996
guidelines. The gases accounted for in calculating greenhouse gas emissions include Carbon
Dioxide (CQ), Methane (CHl), Nitrous Oxide (MO), and Hydrofluorocarbons (HFCs).

According to the National Action Plan for Adaptation to Climate Change, Sdo Tomé and Principe
emit 568,663.87 metric tons of COequivalent, while it absorbs 1,544,545.2 metric tons of £O
equivalent. The two largest sources of greenhouse gas emissions are the energy and transport
sectors, primarily due to the use of fossil fuels and the burning of firewdagl

The National Action Plan for Adaptation to Climate Change in Sdo Tomé and Principe also proposes
the following solutions for mitigating greenhouse gas emissions in the energy sector:

1 Implement measures to curb forest degradation by adopting technologies that decrease
the reliance on firewood for energy purposes, such as improved cookstoves.

i Establish water stations equipped with accessible technologies and knowledge on a national
scale.

9 Diversify renewable energy sources beyond hydroelectricity, including biomass, solar, wind,
and others, to reduce dependence on fossil fuels. This entails conducting a thorough
assessment of available energy resources.

Implementingthe NREAP and NEEAP is intended to bring substantial environmental advantages by
notably decreasing greenhouse gas (GHG) emissions within the power sector. The goal is to meet
the target outlined in the Nationally Determined Contributions (NDC) for 20aiming for a 27%
reduction in emissions by 2030.

According to the UNFCCGstandardised baseline recommendation repothe emission factor for
grid electricity systems applicabte solar and wind projects is 0.660 tCOMWh for Sdo Tomé and
Principe This is used to estimate thCO, emission reductiorfrom proposed solar projects.

Table 13 shows each surveyed site's estimated greenhouse gas emission reduction (in equivalent
metric tons of CQ). The estimated solar energy generation from aggregated PV plant capacity of
3567 kW, is 4853 MWhannually contributing toa greenhouse gas emission reduction of 3203 t¢O
equivalent. Considering the degradation of PV power generation @0.5% per year, the total
estimated CQ emission reduction during the 25/ear project life forall 31 sites ig2012metric tons

This willcontribute to a reduction of 0.52% of the present CQ equivalentemissionper yeatr.

3.7 GRIDINTEGRATIONASSESSMENT

Section3.3 gives the gridconnected load of each surveyed sitéll surveyed sites have threphase

grid connections.PV power plants with equivalent capacity can be installed without any change in
the grid connection infrastructure. For the sites where potential PV plant capacitynaginally
higher than the connected loadgrid infrastructure upgrades are required inside the premises. For
the sites where the PV plant capacity is substantially higher than the connected load, connecting
the entire PV plant capacity at the building premises will not be feasible. In such cagpeéd,
infrastructure upgrades areequired up to the level where PV systems are to be connectda@ble
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12summarises the estimated PV plant capacity, gaddnnection capacity with no major change or
upgrade, and the installed capacity of the standby diesel generator at the surveyed sites.

Table 12: Summary of buildings with grid connection capacity

Site . PV plqnt Grid. Ggrizfaetlor
No. Site name capacity conqectlon nstalled
(KWp) capacity (kVA) (KVA)
‘ Sad Tomée Island ‘
1 | Supremo Tribunal de Justica 107 45 25
2 Direcéo do Ensino Primario 32 20 25
3 Procurador/ Ministério publico 14 14 25
4 Ministério da Defesa 86 25 25
5 | Autoridade Geral De Regulaca (AGE 13 13 16
6 Hospital Dr. Aires de Menezes 211 211 540
7 'l;/lzi:ilstério das Financas e Econom 169 50 100
8 Liceu Nacional 272 25 40
9 Ministério da Educacéo 23 23 40
10 | Tribunal de Contas 34 34 100
11 | Liceu Nacional de Santana 93 25 0
12 | CentroPolivalente de Caué 73 31 0
13 iizzllaars:cundaria de Sé&o Joéo d 24 5 0
14 | Posto de Saude 53 15 20
15 | Mercado de Bobo Foro 937 100 0
16 II\E/Isac;ZI:ridie((l;Lljl\r/lI('jwa;rla Maria Manue 208 150 150
17 | Escola Primaria de Trindade 132 25 0
18 | Liceu Mé Chinhé 249 150 125
19 | Centro Hospitalar de Lobata 8 8 25
20 | Camara Distrital de Lobata 48 11 40
21 | Escola Secundéria de Neves 96 10 0
22 | Escola Secundéria de Santa Catarin 75 10 0
23 | Posto de Saude de Lemba 48 20 40
24 | CamarabDistrital de Lemba 47 10 0
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Site . PV plqnt Grid. G(Ia:)rizfaetlor
No. Site name capacity conqectlon nstalled
(kW) capacity (kVA) (KVA)
25 | Fabrica de Chocolate 121 50 85
Totalfor Saé Tomé Island 3173 1080 1421
‘ Principe Island ‘
25| Consenagad caNaturera prinope | % 5 0
27 | Escola de Padréo 114 10 0
’8 Sf}:?plzt?érgf_ﬁ;al de S&do Tomeé e 20 100 300
29 | Casada Cultura 24 10 25
30 | Escola de Santo Antonio 78 10 0
31 gzsg:rtaaé;)R. Manuel Quaresma Dias 75 50 40
Totalfor Principe 394 185 365
Total for S&o Tomé and Principe 3567 1265 1786

3.8 UPGRADATION OFSRID NETWORK

As per the National Energy Efficiency Action Plan (NEEAP) and National Renewable Energy Action
(NREAR, the grid system in §0 Tomé and Piincipe haslosses of around 3%, of which11% are
technical lossesand the remaining 2% are commercial losse&EMAE 20197 he NEEARtates that

the STP government aims to reduce the total grid losses30% by 2030 and 8% by 2050imiting
technical losses to 5% and commercial losses to .3% summary, there is immense room for
improving the country's grid infrastructureThe report also recommend#ntroducing EE standards

and related reductions in energy demandvhichwill positively impactRE penetration in the grid

The main reasons for technical losses dradequate monitoring, inspection and maintenance of
grid assets.

The following grid upgradémaintenance will be required to integrate distributed rooftop PV
systems into the distribution systems and centralised PV power plants to thelsé| transmission
grid.

1) Minor upgradation at consumer premises: This includes instalg an additional grid
connection box witha manual circuit breaker, residual current device (RCD), surge protection
device (SPDgnergy meterand zero export device in the absence of a net metering framework.

2) Major upgradation at the point of interconnection (POI): This is required Wwen the PV
system's capacitys larger than the current carrying capacity of trexistinggrid connectionto
the premises/ building In this case, the PV plant has to be connectedhere adequate current
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carrying capacity is availabldepending upon the capacity of the PV systenhis point of
interconnection (POljnay be at LV level but outside the building/premises ata higher voltage
level at the distribution transformer or substatior-or example, if PV systemapacity is such
that it cannot be integratedat the building grid but can be integrated at the nearest distribution
network,a separate connection line of adequate currefmarrying capacity has to be drawn from
the building premises to the ditribution line.In the case of a large PV systemwhich is to be
connected at the MV level, a separatep-up transformer and transmission line are to be laid
from the PV system to the POI.

3) Upgradation/replacement of transformers: When the PV plant capacity is larger than the
transformer capacity at the POI, but the transmission line can carry the power fronRlWeplant,
the transformeris to be replaced with an adequate capacity or an additional transformer to be
installed.

4) Regular maintenance of transmission and distribution network : An additional transmission
line may be required for power evacuation to integrate a large central PV power pl&ihce
grid availability is a must for theeliable operationof grid-connected PV power plantsthe
availability of powerat the transmission andlistribution network is key to the success of solar
power projects. Therefore, adequate monitoring, inspection, and regular maintenance must be
ensured for thetransmission and distribution network.
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4 ECONOMICAND COSFBENEFIT ANALYSIS

The upfront capital cost for rooftop PV projectés estimated basedn established and ongoing
projects in the country and the prevailing project development costs of rooftop PV systems in the
West African region. The estimated upfront capital cost covers all costs associated with designing,
supplying, installing, and comissioning the PV systegwithout battery energy storage faciliés A

life cycle costhenefitanalysis was performed for all the systems proposed for each site, considering
the existinggrid-connection capacitySavings from replacing grid electricitgjesel generation fuel
consumption redudion, payback period andlevelizedcost of PV electricity have been calculated
using a financial modelTable13gives the inputs and assumptionsonsidered for financial analysis.

Table 13: Common inputs and assumptions for financial analysis

,\?cl". Particulars Unit Value
1 Upfront capital costfor PV systers US$/kW, 1300
2 Annual power generation kWh/kW/year 1365
3 Cost of battery energy storage systems US$/kWh 500
4 Electricity tarifused for calculation of savings US$/kWh 0.25
5 Retail price of diesealised for calculation of savings US$liter 1.50
6 Currency conversion ratio USD : STN 1:2341
7 Escalation of electricity price % per year 1%
8 Annual reduction ofgeneration due todegradation % 0.75%
9 Operation and maintenance cost % of project cost 120%
10 | Escalationin O &M % 3%

Interest rate for term loan
11 | [https://www.bistp.st/inicio/institucional/quem % 10%
somos/relatorio contas/]
12 | Interest rate on working capital loans % 10%
13 | Viability Gap Funding from Govt/ Donor % of project cost 0%
14 | Plant life assumed for working of depreciation Year 25
15 | Residual Value % 10%
16 | Depreciation of plant (Straight line method) Percent per year 3.60%
17 | Equity % of project cost 30%
18 | Term loan % of project cost 70%
19 | Term loan period Years 10.00
20 | Discounting Factor % 10.22%

Note: The project costincludesall taxesand duties Currently, there is no import dutyor value
added taxon renewable energy products ii88o Tomé and PrincipeA 15% service tax is applicable
for activities likanstallation operation and maintenanceof renewable energy system3he nterest
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rate forterm loarsis considered 10% perear which may vary between 8% to 128épending upon
loan tenure, loanamount and bank.

4.1 LEVELISE@OST OFELECTRICITY

Thefollowing formula has been used to determine the levelized cost of electricity (LCOE) for energy
generation.

00 @ O¢LEE 0 QIUOQME N1 ¢ "RAABDQ

0d VA QOOQEMIBEE Q1 £0 A QOI

060 O
0

The NPV of total cost over the project life has been estimated considering operation and
maintenance cost, escalation, interesh bankloan, and depreciation. The NPV of electrical energy
generated over the project life is considered with generation degradation @0.75% per y€ahle
14presents LCOE for PV systems with and without battery energy storsygsems (BESS)

Table 14: Levelized cost of electricity

Type of PV systems USE per kWh STN per kWh
LCOEwithout BESS 6.68 1%
LCOEwith BESS for 3 hours full load backup 17.20 4.02

4.2 FINANCIALBENEFITSTO CONSUMERS

There are two direct benefits to electricity consumers winstall rooftop PV systems ithe CAPEX
model.

1) Benefits fromsavingsgrid-electricity
2) Benefits fromthe reduction of dieselconsunption when operatedat lower loading

The benefits from reducedyrid electricity consumptiorwill be based on the customer category
mentioned inTable6. The benefits of reducing diesel consumption will be based on hours of power
outages.

Since most consumers use diesel generators for backup power supply during power outages, the
reduction in diesel consumption has been calculated after integrating the PV system into their grid
network. The reduction in diesel consumption has been calcuthteased on average savings at
lower loading of diesel generator sets and hours of operation during power outages. A cumulative
60 hours of running time per month is considered. The reduction of fuel consumption at different
loadings of diesel generators igresented inTable15

Table 15: Diesel generator fuel consumption and savings at different loading
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BT Savings | Savings | Savings
Generator | 25% Load | 50% Load | 75% Load Load at 75% at 50% at 25%
Size (kW) | (I/hour) (I/hour) (I/hour) (Ihour) load load load
(I/hour) (I/hour) (I/hour)
20 2.27 3.41 4.92 6.06 1.14 2.65 3.79
30 4.92 6.81 9.08 10.98 1.89 4.16 6.06
40 6.06 8.71 12.11 15.14 3.03 6.44 9.08
60 6.81 10.98 14.38 18.17 3.79 7.19 11.36
75 9.08 12.87 17.41 23.09 5.68 10.22 14.01
100 9.84 15.52 21.96 28.01 6.06 12.49 18.17
125 11.73 18.93 26.88 34.45 7.57 15.52 22.71
135 12.49 20.44 28.77 37.10 8.33 16.66 24.61
150 13.63 22.33 31.80 41.26 9.46 18.93 27.63

Table 16 summarses the financial benefitdor consumersfrom grid electricity savings, diesel
consumption reductions, and payback perioder their investmentsn rooftop PV projects It has
been observed thatin Sdo Tomé Islandhe typical payback period is aroundive (5) years with
savings from grid electricity andeduceddiesel consumptionThe sites with no diesel generator will
have a payback period of aroundgix @) years as therés no additional saving from reduced diesel
consumption.Similarly, in Principe Island, payback with a diesel generator is around three (3);years
without a diesel generator, the same is around four (4) years. This differenciuésto the higher
tariff for grid electricity inPrincipe Island.

Table 16: Summary of savings andsimple payback period for identified sites
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Sad Tomé Island

1 fjsptir;:omb“”a' 9 1107] 130 | 82 |o0.26| 36140| 21320 | 2621 | 139100| 3.59 | 5.81

, |Direcdo do Ensino 32| 42 20 [0.26| 10020| 7540 | 1742 | 41600 | 3.29 | 4.48
Primario

3 |Procurador/ Ministério |, g 14 |0.26| 4940 | 3640 | 1383 | 18200 | 2.88 | 3.62
publico

4 |Ministério da Defesa | 86| 111 | 49 |0.26| 28860 | 12740 | 1742 | 111800 3.65 | 7.72
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Autoridade Geral De
5 | Requiaca (AGER) 13| 17 12 |0.26| 4420 | 3120 | 1383 | 16900 | 2.91 | 3.75
g |HosptalDr.Airesde | o\ \1 599 | 599 |0.26| 77740 | 77740 | 15805 | 274300| 2.93 | 2.93
Menezes
7 |Ministério das Financas| , ool 519 | 97 |026| 56680 | 25220 | 4149 | 219700| 3.61 | 7.48
Economia Azul
8 |Liceu Nacional 272| 358 | 46 |0.26| 93080 | 11960 | 1729 | 353600| 3.73 |25.83
9 |Ministério da Educacéo | 23 | 30 21 |0.26| 7800 | 5460 | 1729 | 29900 | 3.14 | 4.16
10 ;Ebsusn)a' de Contagwith | 5, 1, 44 |0.26| 11440| 11440 | 2074 | 84200 | 6.23 | 6.23
11 | Liceu Nacional de 93| 117 | 46 |0.26| 30420| 11960 0o | 120000| 3.97 | 10.11
Santana
Polival
12 gzggo olivalentede | 25| 104 | 58 |0.26 27040 | 15080 0 | 94900 | 3.51 | 6.29
13 |EScola Secundariade |, | 5y 9 |o0.26| 8060 | 2340 0 | 31200 3.87 | 13.33
Sao Jodados Angolares
14 | Posto de Satde 53| 74 45 |0.26| 19240| 11700 | 1383 | 68900 | 3.34 | 5.27
15 |Mercado de Bobo Foro |937| 1318 | 310 |0.26|342680| 80600 0o | 1218104 355 | 15.11
Escola Secundaria Mari
16 |Manuela Margarido | 208| 270 | 184 |0.26| 70200 | 47840 | 12910| 270400 | 3.25 | 4.45
(MMM)
17 |EScola Primaria de 132| 172 | 46 |0.26| 44720 | 11960 0 | 171600| 3.84 | 14.35
Trindade
18 | Liceu Mé Chinhd 249| 321 | 216 |0.26| 83460 | 56160 | 12910| 323700| 3.36 | 4.69
19 |CENUo Hospitalarde | g 1) 11 |0.26| 2860 | 2860 1037 | 10400 | 2.67 | 2.67
Lobata
o |Camara Distrital de 48| 62 22 |0.26| 16120| 5720 864 | 62400 | 3.67 | 9.48
Lobata
21 EZizlssecunda”ade 96| 133 | 18 |0.26| 34580 | 4680 0 | 124800| 3.61 | 26.67
Escol ani
oo |EScolaSecundariade | oo |50 | 18 |06 27560 | 4680 0 | 97500 | 3.54 |20.83
Santa Catarina
23 | Posto de Saude de 48| 70 57 [0.26| 18200| 14820 | 1729 | 62400 | 3.13 | 3.77
Lemba
24 | CaMara Distiital de 47| 66 16 |0.26| 17160| 4160 0 61100 | 3.56 | 14.69
Lemba
o5 |Fabricade Chocolate | 5| 120 | 149 |0.26| 44460 | 38740 | 5426 | 217300| 4.36 | 4.92
(with BESS)
Principe Island \ ‘
Direcdo Regional de
e
26 |AMbiente e 33| 48 10 |0.26| 12480| 2600 0 | 42900 | 3.44 | 1650
Conservagédo da
Natureza Principe
27 |Escola de Padrio 114| 164 | 19 |0.26| 42640 | 4940 0 | 148200| 3.48 |30.00
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Banco Internacional de
28 Eio”,:;?s(msmmh 70| o8 98 |0.42| 41160| 41160 | 9404 | 211000| 4.17 | 4.17
BESS)
29 |Casa da Cultura 24| 31 18 |0.26| 8060 | 4680 691 | 31200 | 357 | 5.81
30 |Escola de Santo Antonid 78 | 110 | 19 |0.26| 28600 | 4940 0 | 101400| 355 |20.53
Hospital DR. Manuel
31 S;ngsamé‘rag aith 75| 99 99 |0.42| 41580| 41580 | 2634 | 157500| 3.56 | 3.56
BESS)

Additional diesel savings will be achieved for the PV systems with BESS, as BESS will replace the
diesel generator for a specified time based on the BESS capacity and duration of power outages.
However, the payback period will be longer due to the additiahcost of BESSThese siteavere
selected based ordiscussios with the respective customers.

4.3 FINANCIALBENEFITS TQTILITYCOMPANY EMAE

Benefits from reduced consumption of diesel:

The available diesel generator capacity in Sdo Tomé Island is 16.93 and/1.1 MW in Principe
Islandas presented inTablel7

Table 17: Available central diesel generation capacity in S&o Tomé and Principe in 2022[7]

Plants Available capacity (MW)
Sao Tomé thermoelectric plants 1.40
SantoAmaro | 5.10
SantoAmaro Il 3.30
Santo Amaro Il 6.40
Bobo Forro II 0.728
Principe 1.10

The fuel consumption in a diesel power generat@aries when it operates at different loading or
capacity Fuel consumption decreases when a diesel generator operates at a lower load. However,
specific fuel consumption, i.e. diesel consumption per kWh of electricity generatincreases at

Scaling of Solar Rooftop in S&o Tomé and Principe 101



.%%'e, INTERNATIONAL
. *®% SOLAR
.8 ALLIANCE

. '.' . -.I
LR TP ¥

lower loading. For example, when operatecontinuously a Caterpillar Cat 3516 diesel generator
consumes 326.3itres per hour at 100% loading and 181.5 lityesr hour at 50% loading(Figure

10§. Therefore, at 50% loading, the generator consumes 44.38% less fuel. However, the specific
fuel consumption of the generator will be 0.25kre/kWh at 100% loading and 0.284tregkWh at

50% loading which is an increase of 11.37%. Therefore, if this generator operates for 24 hours at
100% loading, it will consume 7831.2 litres of diesel and generate 30720 kWh of electricity. When
the generator operates at 50% loading, it will consume 4356 litredadsel, generating 15360 kWh

of electricity.

Performance Standby ‘ Mission Critical ‘ Prime ‘ Continuous
Frequency 50 Hz 50 Hz 50 Hz 50 Hz
Gen set power rating with fan 1600 ekW 1600 ekW 1460 ekW 1280 ekW
gg”pso\e;eprof‘g’g;:aﬁng with fan @ 2000 kVA 2000 kVA 1825 kVA 1600 kVA
Emissions Low Fuel Low Fuel Low Fuel Low Fuel
Performance number DM7961-03 EM0609-01 DM7962-03 DM7963-02

Fuel Consumption

100% load with fan i L/hr (gal/hr) 4057 (107.2) | 4057 (107.2) | 3706  (97.9) | 326.3  (86.2)
75% load with fan i L/hr (gal/hr) 3057 (80.8) | 3057 (80.8) | 2828 (74.7) | 2523  (66.6)
50% load with fan i L/hr (gal/hr) 2173  (57.4) | 2173  (57.4) | 2031  (53.7) | 1815  (48.0)
25% load with fan i L/hr (gal/hr) 1264  (33.4) | 1264  (33.4) | 1195 (31.6) | 1090  (28.8)

Figure 108: Fuel consumption of Caterpillar Cat 3516 diesel generator set(Source Caterpillar)

Diesel generator loading vs. fuel consumption
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Figure 109: Diesel generator fuel consumption vs loading (1 MW plant) (Source: Caterpillar)

Diesel savingsre calculatedconsideringinstallng 1080 kW rooftop PV systems in Sdo Toélsland
and 160 kW rooftop PV in Principesland.Diesel generator loadings estimated based on load
profile and solar power available in a 4finute time block For Sdo Tomé Islandt is estimated
that 1080 kW rooftop solar power plants will generate 1.47 GWh of electricynually and save
329,000 litres of diesel annuallZonsideringthe retail price of diesel as STN J%$USL1.5)per litre,
the total amount savedby EMAErom reduced diesel consumption will babout US$500,000 per
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year.However, EMAE will also $e revenue from lesser electricity consumptio® STN6.03/kWh

and the total revenue loss will babout US$38570Q Therefore the net financialbenefit to EMAE
will be US$114,300 per year.

Similarly, for Principtsland, 85 kW, rooftop solar power plants will generat8.27 GWh of electricity
annually and savé&1,180itres ofdiesel annually. Considering the retail price diesel as STN 35 per
litre, the total amount saved by EMAE from reduced diesel consumption will be about 9§$0
per year, and revenue loss from 20,000 kWh of solar electricity @ STHN87 per kWh will be about
US$115,86%er year. Therefore, the net financidbssto EMAE will be US82,765per year.

Table 18 presens monthly electricity demand, solar energy generation andiesel fuel saving in
SAo Tomé Island Table19presentsmonthly electricity demand, solar energy generation and diesel
fuel savingsn Piincipe Island.

Table 18: Summary of diesel fuel savingsin Sdo Tomé Island

. Estimated fuel
- Solar energy | Estimated :
Electricity . consumption
. generation fuel Fuel
demand in . at reduced .
Months ~ . from 1.08 | consumption . savings [A}
Sao Tomé . load with
(GWh) MW, without solar solar [B]
Wh A] (kilo i o kilo li
(GWh) [A] (kilo liter) [8] (kilo liten) (kilo liter)
January 8.42 0.13 2145 2116 28
February 7.61 0.11 1937 1913 24
March 8.42 0.13 2145 2117 28
April 8.15 0.12 2076 2048 27
May 8.42 0.12 2145 2118 27
June 8.15 0.11 2076 2051 24
July 8.42 0.12 2145 2119 26
August 8.42 0.12 2145 2117 28
September 8.15 0.13 2076 2046 30
October 8.42 0.14 2145 2113 32
November 8.15 0.13 2076 2047 28
December 8.42 0.12 2145 2118 27
Total 99.15 1.47 25252 24923 329

Table 19: Summary of diesel fuel savings in Principe Island
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. Estimated fuel
_ Solar energy | Estimated :
Electricity . consumption
. generation fuel Fuel
demand in : at reduced .
Months - from 185 consumption . savings [A}
Principe : load with
(GWh) kW, without solar solar [B]
(GWh) [A] (kilo liter) [B] (kilo liter) (kilo liter)

January 0.94 0.02 238 233 5.33
February 0.85 0.02 215 211 4.55
March 0.94 0.02 238 233 5.31
April 0.91 0.02 231 226 5.09
May 0.94 0.02 238 233 4.95
June 0.91 0.02 231 226 4.46
July 0.94 0.02 238 234 4.74
August 0.94 0.02 238 233 5.12
September 0.91 0.02 231 225 5.44
October 0.94 0.03 238 232 5.94
November 0.91 0.02 231 225 5.30
December 0.94 0.02 238 233 4.95
Total 11.02 0.27 2806 2745 61.18

Benefit from avoided generation:

When solar power is available during the dathe load on the diesel generators will be reduced,

reducingfuel consumption as explained in the previous sectiowWhen multiple generatorsoperate

in parallel, switching off certain generators is possible based on the power demand and solar power

available during the daytimeas shown inFigure 110 However, to ensure stabilityn the power
supply, solar power generation must be stabénd firm, which isdifferentin reatlife situations

Scaling of Solar Rooftop in S&o Tomé and Principe
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Figure 110: Typical day load profile and average solarpower contribution

A battery energy storage system (BESS) is a feasible option for stabilising this variation of solar
energy generation and ensuring a smooth solar power generation profile. The capacity of battery
energy storage for stabilising solar power is determined lealson diurnal cloud coverage in the sky,
which is discussed in the next section.

Benefit from deferred grid upgradation :

Sao Tomé and Principe's power distribution system requires renovation and major upgrades
integrate largescale renewablepower generators Installationof distributed renewable energy
systemssuch as rooftop PV systems, will take the load off the distribution systesthey generate
and consume power locally. This wileduce ohmic los, improve the distribution system's
decongestion and stabilisethe network componentsTherefore,installng distributed rooftop PV
systems with or without BESS will defer the investment required for network upgrades

4.4 ENERGYSTORAGEREQUIREMENT

Figure 111below shows the average solar generation profile derived using daily average solar
irradiance values. However, the availability of solar irradiance is variable due to cloud presence in
the atmosphere. Therefore, the output of solar power plants will alse variable. A typical daily
solar power generation profile is superimposed on the average generation profilé&igure111
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Figure 111: Solar power generation profile 6 average and actual on a typical day

The amount of variation or change in power generation at a certain moment will be driven by the
cloud presence in the skyrigurell2resents the diurnal cloud coverage of Sdo Tomé and Principe;
the maximum coverage between 8 a.m. and 4 p.1is.78%.

Figure 112: Diurnal cloud coverage of S&o Tomé and Principe (Source: NASA)

To overcome the variation in power generation, a battery energy storage system (BESS) can be
used to smoothen the generation profile. Therefore, using BESS at a central location or the

consumersd® end is necessary t o ¢glentsiinvaepredicted r m
generation profile. Operation of diesel generator sets can be scheduled with a firm and schedulable

solar power generation.

Figure 113presents surplus and deficit solar power generation to the average estimated power
generation from a 1 MW solar power plant.
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